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PARIS AGREEMENT 

The Parties to this Agreement, 

Being Parties to the United Nations Framework Convention on Climate 
Change, hereinafter referred to as "the Convention", 

Pursuant to the Durban Platform for Enhanced Action established by 
decision 1/CP.17 of the Conference of the Parties to the Convention at its 
seventeenth session, 

In pursuit of the objective of the Convention, and being guided by its 
principles, including the principle of equity and common but differentiated 
responsibilities and respective capabilities, in the light of different national 
circumstances, 

Recognizing the need for an effective and progressive response to the 
urgent threat of climate change on the basis of the best available scientific 
knowledge, 

Also recognizing the specific needs and special circumstances of 
developing country Parties, especially those that are particularly vulnerable to the 
adverse effects of climate change, as provided for in the Convention, 

Taking full account of the specific needs and special situations of the least 
developed countries with regard to funding and transfer of technology, 

Recognizing that Parties may be affected not only by climate change, but 
also by the impacts of the measures taken in response to it, 

Emphasizing the intrinsic relationship that climate change actions, 
responses and impacts have with equitable access to sustainable development and 
eradication of poverty, 

Recognizing the fundamental priority of safeguarding food security and 
ending hunger, and the particular vulnerabilities of food production systems to the 
adverse impacts of climate change, 

3  



Taking into account the imperatives of a just transition of the workforce and 
the creation of decent work and quality jobs in accordance with nationally defined 
development priorities, 

Acknowledging that climate change is a common concern of humankind, 
Parties should, when taking action to address climate change, respect, promote and 
consider their respective obligations on human rights, the right to health, the rights 
of indigenous peoples, local communities, migrants, children, persons with 
disabilities and people in vulnerable situations and the right to development, as 
well as gender equality, empowerment of women and intergenerational equity, 

Recognizing the importance of the conservation and enhancement, as 
appropriate, of sinks and reservoirs of the greenhouse gases referred to in the 
Convention, 

Noting the importance of ensuring the integrity of all ecosystems, including 
oceans, and the protection of biodiversity, recognized by some cultures as Mother 
Earth, and noting the importance for some of the concept of "climate justice", 
when taking action to address climate change, 

Affirming the importance of education, training, public awareness, public 
participation, public access to information and cooperation at all levels on the 
matters addressed in this Agreement, 

Recognizing the importance of the engagements of all levels of government 
and various actors, in accordance with respective national legislations of Parties, in 
addressing climate change, 

Also recognizing that sustainable lifestyles and sustainable patterns of 
consumption and production, with developed country Parties taking the lead, play 
an important role in addressing climate change, 

Have agreed as follows: 

Article 1 

For the purpose of this Agreement, the definitions contained in Article 1 of 
the Convention shall apply. In addition: 

- 2 -
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(a) "Convention" means the United Nations Framework Convention on 
Climate Change, adopted in New York on 9 May 1992; 

(b) "Conference of the Parties" means the Conference of the Parties to the 
Convention; 

(c) "Party" means a Party to this Agreement. 

Article 2 

1. This Agreement, in enhancing the implementation of the Convention, 
including its objective, aims to strengthen the global response to the threat of 
climate change, in the context of sustainable development and efforts to eradicate 
poverty, including by: 

(a) Holding the increase in the global average temperature to well below 
2°C above pre-industrial levels and pursuing efforts to limit the temperature 
increase to 1.5°C above pre-industrial levels, recognizing that this would 
significantly reduce the risks and impacts of climate change; 

(b) Increasing the ability to adapt to the adverse impacts of climate 
change and foster climate resilience and low greenhouse gas emissions 
development, in a manner that does not threaten food production; and 

(c) Making finance flows consistent with a pathway towards low 
greenhouse gas emissions and climate-resilient development. 

2. This Agreement will be implemented to reflect equity and the principle of 
common but differentiated responsibilities and respective capabilities, in the light 
of different national circumstances. 

Article 3 

As nationally determined contributions to the global response to climate 
change, all Parties are to undertake and communicate ambitious efforts as defined 
in Articles 4, 7, 9, 10, 11 and 13 with the view to achieving the purpose of this 
Agreement as set out in Article 2. The efforts of all Parties will represent a 
progression over time, while recognizing the need to support developing country 
Parties for the effective implementation of this Agreement. 

- 3 -
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Article 23 

1. In order to achieve the long-term temperature goal set out in Article 2, 
Parties aim to reach global peaking of greenhouse gas emissions as soon as 
possible, recognizing that peaking will take longer for developing country Parties, 
and to undertake rapid reductions thereafter in accordance with best available 
science, so as to achieve a balance between anthropogenic emissions by sources 
and removals by sinks of greenhouse gases in the second half of this century, on the 
basis of equity, and in the context of sustainable development and efforts to 
eradicate poverty. 

2. Each Party shall prepare, communicate and maintain successive nationally 
determined contributions that it intends to achieve. Parties shall pursue domestic 
mitigation measures, with the aim of achieving the objectives of such 
contributions. 

3. Each Party's successive nationally determined contribution will represent a 
progression beyond the Party's then current nationally determined contribution and 
reflect its highest possible ambition, reflecting its common but differentiated 
responsibilities and respective capabilities, in the light of different national 
circumstances. 

4. Developed country Parties should continue taking the lead by undertaking 
economy-wide absolute emission reduction targets. Developing country Parties 
should continue enhancing their mitigation efforts, and are encouraged to move 
over time towards economy-wide emission reduction or limitation targets in the 
light of different national circumstances. 

5. Support shall be provided to developing country Parties for the 
implementation of this Article, in accordance with Articles 9, 10 and 11, 
recognizing that enhanced support for developing country Parties will allow for 
higher ambition in their actions. 

6. The least developed countries and small island developing States may 
prepare and communicate strategies, plans and actions for low greenhouse gas 
emissions development reflecting their special circumstances. 

7. Mitigation co-benefits resulting from Parties' adaptation actions and/or 
economic diversification plans can contribute to mitigation outcomes under this 
Article. 

- 4 -
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8. In communicating their nationally determined contributions, all Parties shall 
provide the information necessary for clarity, transparency and understanding in 
accordance with decision 1/CP.21 and any relevant decisions of the Conference of 
the Parties serving as the meeting of the Parties to this Agreement. 

9. Each Party shall communicate a nationally determined contribution every 
five years in accordance with decision 1/CP21 and any relevant decisions of the 
Conference of the Parties serving as the meeting of the Parties to this Agreement 
and be informed by the outcomes of the global stocktake referred to in Article 14. 

10. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement shall consider common time frames for nationally determined 
contributions at its first session. 

11. A Party may at any time adjust its existing nationally determined 
contribution with a view to enhancing its level of ambition, in accordance with 
guidance adopted by the Conference of the Parties serving as the meeting of the 
Parties to this Agreement. 

12. Nationally determined contributions communicated by Parties shall be 
recorded in a public registry maintained by the secretariat. 

13. Parties shall account for their nationally determined contributions. In 
accounting for anthropogenic emissions and removals corresponding to their 
nationally determined contributions, Parties shall promote environmental integrity, 
transparency, accuracy, completeness, comparability and consistency, and ensure 
the avoidance of double counting, in accordance with guidance adopted by the 
Conference of the Parties serving as the meeting of the Parties to this Agreement. 

14. In the context of their nationally determined contributions, when recognizing 
and implementing mitigation actions with respect to anthropogenic emissions and 
removals, Parties should take into account, as appropriate, existing methods and 
guidance under the Convention, in the light of the provisions of paragraph 13 of 
this Article. 

15. Parties shall take into consideration in the implementation of this Agreement 
the concerns of Parties with economies most affected by the impacts of response 
measures, particularly developing country Parties. 

- 5 -
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16. Parties, including regional economic integration organizations and their 
member States, that have reached an agreement to act jointly under paragraph 2 of 
this Article shall notify the secretariat of the terms of that agreement, including the 
emission level allocated to each Party within the relevant time period, when they 
communicate their nationally determined contributions. The secretariat shall in turn 
inform the Parties and signatories to the Convention of the terms of that agreement. 

17. Each party to such an agreement shall be responsible for its emission level as 
set out in the agreement referred to in paragraph 16 of this Article in accordance 
with paragraphs 13 and 14 of this Article and Articles 13 and 15. 

18. If Parties acting jointly do so in the framework of, and together with, a 
regional economic integration organization which is itself a Party to this 
Agreement, each member State of that regional economic integration organization 
individually, and together with the regional economic integration organization, 
shall be responsible for its emission level as set out in the agreement 
communicated under paragraph 16 of this Article in accordance with paragraphs 13 
and 14 of this Article and Articles 13 and 15. 

19. All Parties should strive to formulate and communicate long-term low 
greenhouse gas emission development strategies, mindful of Article 2 taking into 
account their common but differentiated responsibilities and respective capabilities, 
in the light of different national circumstances. 

Article 5 

1. Parties should take action to conserve and enhance, as appropriate, sinks and 
reservoirs of greenhouse gases as referred to in Article 4, paragraph 1 (d), of the 
Convention, including forests. 

2. Parties are encouraged to take action to implement and support, including 
through results-based payments, the existing framework as set out in related 
guidance and decisions already agreed under the Convention for: policy approaches 
and positive incentives for activities relating to reducing emissions from 
deforestation and forest degradation, and the role of conservation, sustainable 
management of forests and enhancement of forest carbon stocks in developing 
countries; and alternative policy approaches, such as joint mitigation and 
adaptation approaches for the integral and sustainable management of forests, 
while reaffirming the importance of incentivizing, as appropriate, non-carbon 
benefits associated with such approaches. 

- 6 -
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Article 23 

1. Parties recognize that some Parties choose to pursue voluntary cooperation 
in the implementation of their nationally determined contributions to allow for 
higher ambition in their mitigation and adaptation actions and to promote 
sustainable development and environmental integrity. 

2. Parties shall, where engaging on a voluntary basis in cooperative approaches 
that involve the use of internationally transferred mitigation outcomes towards 
nationally determined contributions, promote sustainable development and ensure 
environmental integrity and transparency, including in governance, and shall apply 
robust accounting to ensure, inter alia, the avoidance of double counting, consistent 
with guidance adopted by the Conference of the Parties serving as the meeting of 
the Parties to this Agreement. 

3. The use of internationally transferred mitigation outcomes to achieve 
nationally determined contributions under this Agreement shall be voluntary and 
authorized by participating Parties. 

4. A mechanism to contribute to the mitigation of greenhouse gas emissions 
and support sustainable development is hereby established under the authority and 
guidance of the Conference of the Parties serving as the meeting of the Parties to 
this Agreement for use by Parties on a voluntary basis. It shall be supervised by a 
body designated by the Conference of the Parties serving as the meeting of the 
Parties to this Agreement, and shall aim: 

(a) To promote the mitigation of greenhouse gas emissions while 
fostering sustainable development; 

(b) To incentivize and facilitate participation in the mitigation of 
greenhouse gas emissions by public and private entities authorized by a Party; 

(c) To contribute to the reduction of emission levels in the host Party, 
which will benefit from mitigation activities resulting in emission reductions that 
can also be used by another Party to fulfil its nationally determined contribution; 
and 

(d) To deliver an overall mitigation in global emissions. 

- 7 -
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5. Emission reductions resulting from the mechanism referred to in paragraph 4 
of this Article shall not be used to demonstrate achievement of the host Party's 
nationally determined contribution if used by another Party to demonstrate 
achievement of its nationally determined contribution. 

6. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement shall ensure that a share of the proceeds from activities under the 
mechanism referred to in paragraph 4 of this Article is used to cover administrative 
expenses as well as to assist developing country Parties that are particularly 
vulnerable to the adverse effects of climate change to meet the costs of adaptation. 

7. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement shall adopt rules, modalities and procedures for the mechanism referred 
to in paragraph 4 of this Article at its first session. 

8. Parties recognize the importance of integrated, holistic and balanced 
non-market approaches being available to Parties to assist in the implementation of 
their nationally determined contributions, in the context of sustainable development 
and poverty eradication, in a coordinated and effective manner, including through, 
inter alia, mitigation, adaptation, finance, technology transfer and capacity-
building, as appropriate. These approaches shall aim to: 

(a) Promote mitigation and adaptation ambition; 

(b) Enhance public and private sector participation in the implementation 
of nationally determined contributions; and 

(c) Enable opportunities for coordination across instruments and relevant 
institutional arrangements. 

9. A framework for non-market approaches to sustainable development is 
hereby defined to promote the non-market approaches referred to in paragraph 8 of 
this Article. 

- 8 -
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Article 23 

1. Parties hereby establish the global goal on adaptation of enhancing adaptive 
capacity, strengthening resilience and reducing vulnerability to climate change, 
with a view to contributing to sustainable development and ensuring an adequate 
adaptation response in the context of the temperature goal referred to in Article 2. 

2. Parties recognize that adaptation is a global challenge faced by all with local, 
subnational, national, regional and international dimensions, and that it is a key 
component of and makes a contribution to the long-term global response to climate 
change to protect people, livelihoods and ecosystems, taking into account the 
urgent and immediate needs of those developing country Parties that are 
particularly vulnerable to the adverse effects of climate change. 

3. The adaptation efforts of developing country Parties shall be recognized, in 
accordance with the modalities to be adopted by the Conference of the Parties 
serving as the meeting of the Parties to this Agreement at its first session. 

4. Parties recognize that the current need for adaptation is significant and that 
greater levels of mitigation can reduce the need for additional adaptation efforts, 
and that greater adaptation needs can involve greater adaptation costs. 

5. Parties acknowledge that adaptation action should follow a country-driven, 
gender-responsive, participatory and fully transparent approach, taking into 
consideration vulnerable groups, communities and ecosystems, and should be 
based on and guided by the best available science and, as appropriate, traditional 
knowledge, knowledge of indigenous peoples and local knowledge systems, with a 
view to integrating adaptation into relevant socioeconomic and environmental 
policies and actions, where appropriate. 

6. Parties recognize the importance of support for and international cooperation 
on adaptation efforts and the importance of taking into account the needs of 
developing country Parties, especially those that are particularly vulnerable to the 
adverse effects of climate change. 

7. Parties should strengthen their cooperation on enhancing action on 
adaptation, taking into account the Cancun Adaptation Framework, including with 
regard to: 

- 9 -
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(a) Sharing information, good practices, experiences and lessons learned, 
including, as appropriate, as these relate to science, planning, policies and 
implementation in relation to adaptation actions; 

(b) Strengthening institutional arrangements, including those under the 
Convention that serve this Agreement, to support the synthesis of relevant 
information and knowledge, and the provision of technical support and guidance to 
Parties; 

(c) Strengthening scientific knowledge on climate, including research, 
systematic observation of the climate system and early warning systems, in a 
manner that informs climate services and supports decision-making; 

(d) Assisting developing country Parties in identifying effective 
adaptation practices, adaptation needs, priorities, support provided and received for 
adaptation actions and efforts, and challenges and gaps, in a manner consistent with 
encouraging good practices; and 

(e) Improving the effectiveness and durability of adaptation actions. 

8. United Nations specialized organizations and agencies are encouraged to 
support the efforts of Parties to implement the actions referred to in paragraph 7 of 
this Article, taking into account the provisions of paragraph 5 of this Article. 

9. Each Party shall, as appropriate, engage in adaptation planning processes 
and the implementation of actions, including the development or enhancement of 
relevant plans, policies and/or contributions, which may include: 

(a) The implementation of adaptation actions, undertakings and/or efforts; 

(b) The process to formulate and implement national adaptation plans; 

(c) The assessment of climate change impacts and vulnerability, with a 
view to formulating nationally determined prioritized actions, taking into account 
vulnerable people, places and ecosystems; 

(d) Monitoring and evaluating and learning from adaptation plans, 
policies, programmes and actions; and 

- 1 0 -
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(e) Building the resilience of socioeconomic and ecological systems, 
including through economic diversification and sustainable management of natural 
resources. 

10. Each Party should, as appropriate, submit and update periodically an 
adaptation communication, which may include its priorities, implementation and 
support needs, plans and actions, without creating any additional burden for 
developing country Parties. 

11. The adaptation communication referred to in paragraph 10 of this Article 
shall be, as appropriate, submitted and updated periodically, as a component of or 
in conjunction with other communications or documents, including a national 
adaptation plan, a nationally determined contribution as referred to in Article 4, 
paragraph 2, and/or a national communication. 

12. The adaptation communications referred to in paragraph 10 of this Article 
shall be recorded in a public registry maintained by the secretariat. 

13. Continuous and enhanced international support shall be provided to 
developing country Parties for the implementation of paragraphs 7, 9, 10 and 11 of 
this Article, in accordance with the provisions of Articles 9, 10 and 11. 

14. The global stocktake referred to in Article 14 shall, inter alia: 

(a) Recognize adaptation efforts of developing country Parties; 

(b) Enhance the implementation of adaptation action taking into account 
the adaptation communication referred to in paragraph 10 of this Article; 

(c) Review the adequacy and effectiveness of adaptation and support 
provided for adaptation; and 

(d) Review the overall progress made in achieving the global goal on 
adaptation referred to in paragraph 1 of this Article. 
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Article 8 

1. Parties recognize the importance of averting, minimizing and addressing loss 
and damage associated with the adverse effects of climate change, including 
extreme weather events and slow onset events, and the role of sustainable 
development in reducing the risk of loss and damage. 

2. The Warsaw International Mechanism for Loss and Damage associated with 
Climate Change Impacts shall be subject to the authority and guidance of the 
Conference of the Parties serving as the meeting of the Parties to this Agreement 
and may be enhanced and strengthened, as determined by the Conference of the 
Parties serving as the meeting of the Parties to this Agreement. 

3. Parties should enhance understanding, action and support, including through 
the Warsaw International Mechanism, as appropriate, on a cooperative and 
facilitative basis with respect to loss and damage associated with the adverse 
effects of climate change. 

4. Accordingly, areas of cooperation and facilitation to enhance understanding, 
action and support may include: 

(a) Early warning systems; 

(b) Emergency preparedness; 

(c) Slow onset events; 

(d) Events that may involve irreversible and permanent loss and damage; 

(e) Comprehensive risk assessment and management; 

(f) Risk insurance facilities, climate risk pooling and other insurance 
solutions; 

(g) Non-economic losses; and 

(h) Resilience of communities, livelihoods and ecosystems. 

- 1 2 -
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5. The Warsaw International Mechanism shall collaborate with existing bodies 
and expert groups under the Agreement, as well as relevant organizations and 
expert bodies outside the Agreement. 

Article 9 

1. Developed country Parties shall provide financial resources to assist 
developing country Parties with respect to both mitigation and adaptation in 
continuation of their existing obligations under the Convention. 

2. Other Parties are encouraged to provide or continue to provide such support 
voluntarily. 

3. As part of a global effort, developed country Parties should continue to take 
the lead in mobilizing climate finance from a wide variety of sources, instruments 
and channels, noting the significant role of public funds, through a variety of 
actions, including supporting country-driven strategies, and taking into account the 
needs and priorities of developing country Parties. Such mobilization of climate 
finance should represent a progression beyond previous efforts. 

4. The provision of scaled-up financial resources should aim to achieve a 
balance between adaptation and mitigation, taking into account country-driven 
strategies, and the priorities and needs of developing country Parties, especially 
those that are particularly vulnerable to the adverse effects of climate change and 
have significant capacity constraints, such as the least developed countries and 
small island developing States, considering the need for public and grant-based 
resources for adaptation. 

5. Developed country Parties shall biennially communicate indicative 
quantitative and qualitative information related to paragraphs 1 and 3 of this 
Article, as applicable, including, as available, projected levels of public financial 
resources to be provided to developing country Parties. Other Parties providing 
resources are encouraged to communicate biennially such information on a 
voluntary basis. 

6. The global stocktake referred to in Article 14 shall take into account the 
relevant information provided by developed country Parties and/or Agreement 
bodies on efforts related to climate finance. 

- 1 3 -
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7. Developed country Parties shall provide transparent and consistent 
information on support for developing country Parties provided and mobilized 
through public interventions biennially in accordance with the modalities, 
procedures and guidelines to be adopted by the Conference of the Parties serving as 
the meeting of the Parties to this Agreement, at its first session, as stipulated in 
Article 13, paragraph 13. Other Parties are encouraged to do so. 

8. The Financial Mechanism of the Convention, including its operating entities, 
shall serve as the financial mechanism of this Agreement. 

9. The institutions serving this Agreement, including the operating entities of 
the Financial Mechanism of the Convention, shall aim to ensure efficient access to 
financial resources through simplified approval procedures and enhanced readiness 
support for developing country Parties, in particular for the least developed 
countries and small island developing States, in the context of their national 
climate strategies and plans. 

Article 10 

1. Parties share a long-term vision on the importance of fully realizing 
technology development and transfer in order to improve resilience to climate 
change and to reduce greenhouse gas emissions. 

2. Parties, noting the importance of technology for the implementation of 
mitigation and adaptation actions under this Agreement and recognizing existing 
technology deployment and dissemination efforts, shall strengthen cooperative 
action on technology development and transfer. 

3. The Technology Mechanism established under the Convention shall serve 
this Agreement. 

4. A technology framework is hereby established to provide overarching 
guidance to the work of the Technology Mechanism in promoting and facilitating 
enhanced action on technology development and transfer in order to support the 
implementation of this Agreement, in pursuit of the long-term vision referred to in 
paragraph 1 of this Article. 

- 1 4 -
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5. Accelerating, encouraging and enabling innovation is critical for an 
effective, long-term global response to climate change and promoting economic 
growth and sustainable development. Such effort shall be, as appropriate, 
supported, including by the Technology Mechanism and, through financial means, 
by the Financial Mechanism of the Convention, for collaborative approaches to 
research and development, and facilitating access to technology, in particular for 
early stages of the technology cycle, to developing country Parties. 

6. Support, including financial support, shall be provided to developing country 
Parties for the implementation of this Article, including for strengthening 
cooperative action on technology development and transfer at different stages of 
the technology cycle, with a view to achieving a balance between support for 
mitigation and adaptation. The global stocktake referred to in Article 14 shall take 
into account available information on efforts related to support on technology 
development and transfer for developing country Parties. 

Article 11 

1. Capacity-building under this Agreement should enhance the capacity and 
ability of developing country Parties, in particular countries with the least capacity, 
such as the least developed countries, and those that are particularly vulnerable to 
the adverse effects of climate change, such as small island developing States, to 
take effective climate change action, including, inter alia, to implement adaptation 
and mitigation actions, and should facilitate technology development, 
dissemination and deployment, access to climate finance, relevant aspects of 
education, training and public awareness, and the transparent, timely and accurate 
communication of information. 

2. Capacity-building should be country-driven, based on and responsive to 
national needs, and foster country ownership of Parties, in particular, for 
developing country Parties, including at the national, subnational and local levels. 
Capacity-building should be guided by lessons learned, including those from 
capacity-building activities under the Convention, and should be an effective, 
iterative process that is participatory, cross-cutting and gender-responsive. 

3. All Parties should cooperate to enhance the capacity of developing country 
Parties to implement this Agreement. Developed country Parties should enhance 
support for capacity-building actions in developing country Parties. 

- 1 5 -
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4. All Parties enhancing the capacity of developing country Parties to 
implement this Agreement, including through regional, bilateral and multilateral 
approaches, shall regularly communicate on these actions or measures on capacity-
building. Developing country Parties should regularly communicate progress made 
on implementing capacity-building plans, policies, actions or measures to 
implement this Agreement. 

5. Capacity-building activities shall be enhanced through appropriate 
institutional arrangements to support the implementation of this Agreement, 
including the appropriate institutional arrangements established under the 
Convention that serve this Agreement. The Conference of the Parties serving as the 
meeting of the Parties to this Agreement shall, at its first session, consider and 
adopt a decision on the initial institutional arrangements for capacity-building. 

Article 12 

Parties shall cooperate in taking measures, as appropriate, to enhance climate 
change education, training, public awareness, public participation and public access 
to information, recognizing the importance of these steps with respect to enhancing 
actions under this Agreement. 

Article 13 

1. In order to build mutual trust and confidence and to promote effective 
implementation, an enhanced transparency framework for action and support, with 
built-in flexibility which takes into account Parties' different capacities and builds 
upon collective experience is hereby established. 

2. The transparency framework shall provide flexibility in the implementation 
of the provisions of this Article to those developing country Parties that need it in 
the light of their capacities. The modalities, procedures and guidelines referred to 
in paragraph 13 of this Article shall reflect such flexibility. 

3. The transparency framework shall build on and enhance the transparency 
arrangements under the Convention, recognizing the special circumstances of the 
least developed countries and small island developing States, and be implemented 
in a facilitative, non-intrusive, non-punitive manner, respectful of national 
sovereignty, and avoid placing undue burden on Parties. 

- 1 6 -
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4. The transparency arrangements under the Convention, including national 
communications, biennial reports and biennial update reports, international 
assessment and review and international consultation and analysis, shall form part 
of the experience drawn upon for the development of the modalities, procedures 
and guidelines under paragraph 13 of this Article. 

5. The purpose of the framework for transparency of action is to provide a clear 
understanding of climate change action in the light of the objective of the 
Convention as set out in its Article 2, including clarity and tracking of progress 
towards achieving Parties' individual nationally determined contributions under 
Article 4, and Parties' adaptation actions under Article 7, including good practices, 
priorities, needs and gaps, to inform the global stocktake under Article 14. 

6. The purpose of the framework for transparency of support is to provide 
clarity on support provided and received by relevant individual Parties in the 
context of climate change actions under Articles 4, 7, 9, 10 and 11, and, to the 
extent possible, to provide a full overview of aggregate financial support provided, 
to inform the global stocktake under Article 14. 

7. Each Party shall regularly provide the following information: 

(a) A national inventory report of anthropogenic emissions by sources and 
removals by sinks of greenhouse gases, prepared using good practice 
methodologies accepted by the Intergovernmental Panel on Climate Change and 
agreed upon by the Conference of the Parties serving as the meeting of the Parties 
to this Agreement; and 

(b) Information necessary to track progress made in implementing and 
achieving its nationally determined contribution under Article 4. 

8. Each Party should also provide information related to climate change 
impacts and adaptation under Article 7, as appropriate. 

9. Developed country Parties shall, and other Parties that provide support 
should, provide information on financial, technology transfer and capacity-building 
support provided to developing country Parties under Articles 9, 10 and 11. 
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10. Developing country Parties should provide information on financial, 
technology transfer and capacity-building support needed and received under 
Articles 9, 10 and 11. 

11. Information submitted by each Party under paragraphs 7 and 9 of this Article 
shall undergo a technical expert review, in accordance with decision 1/CP.21. For 
those developing country Parties that need it in the light of their capacities, the 
review process shall include assistance in identifying capacity-building needs. In 
addition, each Party shall participate in a facilitative, multilateral consideration of 
progress with respect to efforts under Article 9, and its respective implementation 
and achievement of its nationally determined contribution. 

12. The technical expert review under this paragraph shall consist of a 
consideration of the Party's support provided, as relevant, and its implementation 
and achievement of its nationally determined contribution. The review shall also 
identify areas of improvement for the Party, and include a review of the 
consistency of the information with the modalities, procedures and guidelines 
referred to in paragraph 13 of this Article, taking into account the flexibility 
accorded to the Party under paragraph 2 of this Article. The review shall pay 
particular attention to the respective national capabilities and circumstances of 
developing country Parties. 

13. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement shall, at its first session, building on experience from the arrangements 
related to transparency under the Convention, and elaborating on the provisions in 
this Article, adopt common modalities, procedures and guidelines, as appropriate, 
for the transparency of action and support. 

14. Support shall be provided to developing countries for the implementation of 
this Article. 

15. Support shall also be provided for the building of transparency-related 
capacity of developing country Parties on a continuous basis. 

Article 14 

1. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement shall periodically take stock of the implementation of this Agreement to 
assess the collective progress towards achieving the purpose of this Agreement and 
its long-term goals (referred to as the "global stocktake"). It shall do so in a 
comprehensive and facilitative manner, considering mitigation, adaptation and the 
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means of implementation and support, and in the light of equity and the best 
available science. 

2. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement shall undertake its first global stocktake in 2023 and every five years 
thereafter unless otherwise decided by the Conference of the Parties serving as the 
meeting of the Parties to this Agreement. 

3. The outcome of the global stocktake shall inform Parties in updating and 
enhancing, in a nationally determined manner, their actions and support in 
accordance with the relevant provisions of this Agreement, as well as in enhancing 
international cooperation for climate action. 

Article 15 

1. A mechanism to facilitate implementation of and promote compliance with 
the provisions of this Agreement is hereby established. 

2. The mechanism referred to in paragraph 1 of this Article shall consist of a 
committee that shall be expert-based and facilitative in nature and function in a 
manner that is transparent, non-adversarial and non-punitive. The committee shall 
pay particular attention to the respective national capabilities and circumstances of 
Parties. 

3. The committee shall operate under the modalities and procedures adopted by 
the Conference of the Parties serving as the meeting of the Parties to this 
Agreement at its first session and report annually to the Conference of the Parties 
serving as the meeting of the Parties to this Agreement. 

Article 16 

1. The Conference of the Parties, the supreme body of the Convention, shall 
serve as the meeting of the Parties to this Agreement. 

2. Parties to the Convention that are not Parties to this Agreement may 
participate as observers in the proceedings of any session of the Conference of the 
Parties serving as the meeting of the Parties to this Agreement. When the 
Conference of the Parties serves as the meeting of the Parties to this Agreement, 
decisions under this Agreement shall be taken only by those that are Parties to this 
Agreement. 
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3. When the Conference of the Parties serves as the meeting of the Parties to 
this Agreement, any member of the Bureau of the Conference of the Parties 
representing a Party to the Convention but, at that time, not a Party to this 
Agreement, shall be replaced by an additional member to be elected by and from 
amongst the Parties to this Agreement. 

4. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement shall keep under regular review the implementation of this Agreement 
and shall make, within its mandate, the decisions necessary to promote its effective 
implementation. It shall perform the functions assigned to it by this Agreement and 
shall: 

(a) Establish such subsidiary bodies as deemed necessary for the 
implementation of this Agreement; and 

(b) Exercise such other functions as may be required for the 
implementation of this Agreement. 

5. The rules of procedure of the Conference of the Parties and the financial 
procedures applied under the Convention shall be applied mutatis mutandis under 
this Agreement, except as may be otherwise decided by consensus by the 
Conference of the Parties serving as the meeting of the Parties to this Agreement. 

6. The first session of the Conference of the Parties serving as the meeting of 
the Parties to this Agreement shall be convened by the secretariat in conjunction 
with the first session of the Conference of the Parties that is scheduled after the 
date of entry into force of this Agreement. Subsequent ordinary sessions of the 
Conference of the Parties serving as the meeting of the Parties to this Agreement 
shall be held in conjunction with ordinary sessions of the Conference of the Parties, 
unless otherwise decided by the Conference of the Parties serving as the meeting of 
the Parties to this Agreement. 

7. Extraordinary sessions of the Conference of the Parties serving as the 
meeting of the Parties to this Agreement shall be held at such other times as may be 
deemed necessary by the Conference of the Parties serving as the meeting of the 
Parties to this Agreement or at the written request of any Party, provided that, 
within six months of the request being communicated to the Parties by the 
secretariat, it is supported by at least one third of the Parties. 
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8. The United Nations and its specialized agencies and the International Atomic 
Energy Agency, as well as any State member thereof or observers thereto not party 
to the Convention, may be represented at sessions of the Conference of the Parties 
serving as the meeting of the Parties to this Agreement as observers. Any body or 
agency, whether national or international, governmental or non-governmental, 
which is qualified in matters covered by this Agreement and which has informed 
the secretariat of its wish to be represented at a session of the Conference of the 
Parties serving as the meeting of the Parties to this Agreement as an observer, may 
be so admitted unless at least one third of the Parties present object. The admission 
and participation of observers shall be subject to the rules of procedure referred to 
in paragraph 5 of this Article. 

Article 17 

1. The secretariat established by Article 8 of the Convention shall serve as the 
secretariat of this Agreement. 

2. Article 8, paragraph 2, of the Convention on the functions of the secretariat, 
and Article 8, paragraph 3, of the Convention, on the arrangements made for the 
functioning of the secretariat, shall apply mutatis mutandis to this Agreement. The 
secretariat shall, in addition, exercise the functions assigned to it under this 
Agreement and by the Conference of the Parties serving as the meeting of the 
Parties to this Agreement. 

Article 18 

1. The Subsidiary Body for Scientific and Technological Advice and the 
Subsidiary Body for Implementation established by Articles 9 and 10 of the 
Convention shall serve, respectively, as the Subsidiary Body for Scientific and 
Technological Advice and the Subsidiary Body for Implementation of this 
Agreement. The provisions of the Convention relating to the functioning of these 
two bodies shall apply mutatis mutandis to this Agreement. Sessions of the 
meetings of the Subsidiary Body for Scientific and Technological Advice and the 
Subsidiary Body for Implementation of this Agreement shall be held in conjunction 
with the meetings of, respectively, the Subsidiary Body for Scientific and 
Technological Advice and the Subsidiary Body for Implementation of the 
Convention. 
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2. Parties to the Convention that are not Parties to this Agreement may 
participate as observers in the proceedings of any session of the subsidiary bodies. 
When the subsidiary bodies serve as the subsidiary bodies of this Agreement, 
decisions under this Agreement shall be taken only by those that are Parties to this 
Agreement. 

3. When the subsidiary bodies established by Articles 9 and 10 of the 
Convention exercise their functions with regard to matters concerning this 
Agreement, any member of the bureaux of those subsidiary bodies representing a 
Party to the Convention but, at that time, not a Party to this Agreement, shall be 
replaced by an additional member to be elected by and from amongst the Parties to 
this Agreement. 

Article 19 

1. Subsidiary bodies or other institutional arrangements established by or under 
the Convention, other than those referred to in this Agreement, shall serve this 
Agreement upon a decision of the Conference of the Parties serving as the meeting 
of the Parties to this Agreement. The Conference of the Parties serving as the 
meeting of the Parties to this Agreement shall specify the functions to be exercised 
by such subsidiary bodies or arrangements. 

2. The Conference of the Parties serving as the meeting of the Parties to this 
Agreement may provide further guidance to such subsidiary bodies and 
institutional arrangements. 

Article 20 

1. This Agreement shall be open for signature and subject to ratification, 
acceptance or approval by States and regional economic integration organizations 
that are Parties to the Convention. It shall be open for signature at the United 
Nations Headquarters in New York from 22 April 2016 to 21 April 2017. 
Thereafter, this Agreement shall be open for accession from the day following the 
date on which it is closed for signature. Instruments of ratification, acceptance, 
approval or accession shall be deposited with the Depositary. 

2. Any regional economic integration organization that becomes a Party to this 
Agreement without any of its member States being a Party shall be bound by all the 
obligations under this Agreement. In the case of regional economic integration 
organizations with one or more member States that are Parties to this Agreement, 
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the organization and its member States shall decide on their respective 
responsibilities for the performance of their obligations under this Agreement. In 
such cases, the organization and the member States shall not be entitled to exercise 
rights under this Agreement concurrently. 

3. In their instruments of ratification, acceptance, approval or accession, 
regional economic integration organizations shall declare the extent of their 
competence with respect to the matters governed by this Agreement. These 
organizations shall also inform the Depositary, who shall in turn inform the Parties, 
of any substantial modification in the extent of their competence. 

Article 21 

1. This Agreement shall enter into force on the thirtieth day after the date on 
which at least 55 Parties to the Convention accounting in total for at least an 
estimated 55 per cent of the total global greenhouse gas emissions have deposited 
their instruments of ratification, acceptance, approval or accession. 

2. Solely for the limited purpose of paragraph 1 of this Article, "total global 
greenhouse gas emissions" means the most up-to-date amount communicated on or 
before the date of adoption of this Agreement by the Parties to the Convention. 

3. For each State or regional economic integration organization that ratifies, 
accepts or approves this Agreement or accedes thereto after the conditions set out 
in paragraph 1 of this Article for entry into force have been fulfilled, this 
Agreement shall enter into force on the thirtieth day after the date of deposit by 
such State or regional economic integration organization of its instrument of 
ratification, acceptance, approval or accession. 

4. For the purposes of paragraph 1 of this Article, any instrument deposited by 
a regional economic integration organization shall not be counted as additional to 
those deposited by its member States. 

Article 22 

The provisions of Article 15 of the Convention on the adoption of 
amendments to the Convention shall apply mutatis mutandis to this Agreement. 
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Article 23 

1. The provisions of Article 16 of the Convention on the adoption and 
amendment of annexes to the Convention shall apply mutatis mutandis to this 
Agreement. 

2. Annexes to this Agreement shall form an integral part thereof and, unless 
otherwise expressly provided for, a reference to this Agreement constitutes at the 
same time a reference to any annexes thereto. Such annexes shall be restricted to 
lists, forms and any other material of a descriptive nature that is of a scientific, 
technical, procedural or administrative character. 

Article 24 

The provisions of Article 14 of the Convention on settlement of disputes 
shall apply mutatis mutandis to this Agreement. 

Article 25 

1. Each Party shall have one vote, except as provided for in paragraph 2 of this 
Article. 

2. Regional economic integration organizations, in matters within their 
competence, shall exercise their right to vote with a number of votes equal to the 
number of their member States that are Parties to this Agreement. Such an 
organization shall not exercise its right to vote if any of its member States exercises 
its right, and vice versa. 

Article 26 

The Secretary-General of the United Nations shall be the Depositary of this 
Agreement. 

Article 27 

No reservations may be made to this Agreement. 
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Article 23 

1. At any time after three years from the date on which this Agreement has 
entered into force for a Party, that Party may withdraw from this Agreement by 
giving written notification to the Depositary. 

2. Any such withdrawal shall take effect upon expiry of one year from the date 
of receipt by the Depositary of the notification of withdrawal, or on such later date 
as may be specified in the notification of withdrawal. 

3. Any Party that withdraws from the Convention shall be considered as also 
having withdrawn from this Agreement. 

Article 29 

The original of this Agreement, of which the Arabic, Chinese, English, 
French, Russian and Spanish texts are equally authentic, shall be deposited with the 
Secretary-General of the United Nations. 

DONE at Paris this twelfth day of December two thousand and fifteen. 

IN WITNESS WHEREOF, the undersigned, being duly authorized to that effect, 
have signed this Agreement. 
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Climate Change Act 2008

2008  CHAPTER 27

Thomson Reuters (Legal) Limited.

UK Statutes Crown Copyright. Reproduced by permission of the Controller of Her Majesty's Stationery Office.

An Act to set a target for the year 2050 for the reduction of targeted greenhouse gas emissions; to
provide for a system of carbon budgeting; to establish a Committee on Climate Change; to confer
powers to establish trading schemes for the purpose of limiting greenhouse gas emissions or
encouraging activities that reduce such emissions or remove greenhouse gas from the atmosphere;
to make provision about adaptation to climate change; to confer powers to make schemes for
providing financial incentives to produce less domestic waste and to recycle more of what is
produced; to make provision about the collection of household waste; to confer powers to make
provision about charging for single use carrier bags; to amend the provisions of the Energy Act
2004 about renewable transport fuel obligations; to make provision about carbon emissions reduction
targets; to make other provision about climate change; and for connected purposes.

[26th November 2008]

BE IT ENACTED by the Queen's most Excellent Majesty, by and with the advice and consent of
the Lords Spiritual and Temporal, and Commons, in this present Parliament assembled, and by the
authority of the same, as follows:—

Extent

Preamble: United Kingdom 

PART 1

CARBON TARGET AND BUDGETING

The target for 2050

Climate Change Act 2008  Page 1
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Law In Force

1   The target for 2050

(1)  It is the duty of the Secretary of State to ensure that the net UK carbon account for the year
2050 is at least [ 100% ] 1  lower than the 1990 baseline.

(2) “The 1990 baseline” means the aggregate amount of—
(a)  net UK emissions of carbon dioxide for that year, and
(b)  net UK emissions of each of the other targeted greenhouse gases for the year that is the
base year for that gas.

Notes
1 Word substituted by Climate Change Act 2008 (2050 Target Amendment) Order 2019/1056 art.2(2) (June 27,

2019)

Commencement

Pt 1 s. 1(1)-(2)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 1(1)-(2)(b): United Kingdom 

Law In Force

2   Amendment of 2050 target or baseline year

(1) The Secretary of State may by order—
(a)  amend the percentage specified in section 1(1);
(b)  amend section 1 to provide for a different year to be the baseline year.

(2) The power in subsection (1)(a) may only be exercised—
(a)  if it appears to the Secretary of State that there have been significant developments in—

(i)  scientific knowledge about climate change, or
(ii)  European or international law or policy,

that make it appropriate to do so, or
(b)  in connection with the making of—

(i)  an order under section 24 (designation of further greenhouse gases as targeted
greenhouse gases), or
(ii)  regulations under section 30 (emissions from international aviation or
international shipping).

(3) The developments in scientific knowledge referred to in subsection (2) are—
(a)  in relation to the first exercise of the power in subsection (1)(a), developments since
the passing of this Act;
(b)  in relation to a subsequent exercise of that power, developments since the evidential
basis for the previous exercise was established.

(4) The power in subsection (1)(b) may only be exercised if it appears to the Secretary of State that
there have been significant developments in European or international law or policy that make it
appropriate to do so.
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(5) An order under subsection (1)(b) may make consequential amendments of other references in
this Act to the baseline year.

(6) An order under this section is subject to affirmative resolution procedure.

Commencement

Pt 1 s. 2(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 2(1)-(6): United Kingdom 

Law In Force

3   Consultation on order amending 2050 target or baseline year

(1) Before laying before Parliament a draft of a statutory instrument containing an order under
section 2 (order amending the 2050 target or the baseline year), the Secretary of State must—

(a)  obtain, and take into account, the advice of the Committee on Climate Change, and
(b)  take into account any representations made by the other national authorities.

(2) The Committee must, at the time it gives its advice to the Secretary of State, send a copy to the
other national authorities.

(3) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

(4) The Secretary of State may proceed to lay such a draft statutory instrument before Parliament
without having received a national authority's representations if the authority does not provide them
before the end of the period of three months beginning with the date the Committee's advice was
sent to the authority.

(5) At the same time as laying such a draft statutory instrument before Parliament, the Secretary
of State must publish a statement setting out whether and how the order takes account of any
representations made by the other national authorities.

(6) If the order makes provision different from that recommended by the Committee, the Secretary
of State must also publish a statement setting out the reasons for that decision.

(7) A statement under this section may be published in such manner as the Secretary of State thinks
fit.

Commencement

Pt 1 s. 3(1)-(7): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 3(1)-(7): United Kingdom 
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Carbon budgeting

Law In Force

4   Carbon budgets

(1) It is the duty of the Secretary of State—
(a)  to set for each succeeding period of five years beginning with the period 2008–2012
(“budgetary periods”) an amount for the net UK carbon account (the “carbon budget”), and
(b)  to ensure that the net UK carbon account for a budgetary period does not exceed the
carbon budget.

(2) The carbon budget for a budgetary period may be set at any time after this Part comes into force,
and must be set—

(a)  for the periods 2008–2012, 2013–2017 and 2018–2022, before 1st June 2009;
(b)  for any later period, not later than 30th June in the 12th year before the beginning of
the period in question.

Commencement

Pt 1 s. 4(1)-(2)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 4(1)-(2)(b): United Kingdom 

Law In Force

5   Level of carbon budgets

(1) The carbon budget—
(a)   for the budgetary period including the year 2020, must be such that the annual equivalent
of the carbon budget for the period is at least [ 34% ] 1  lower than the 1990 baseline;
(b)  for the budgetary period including the year 2050, must be such that the annual equivalent
of the carbon budget for the period is lower than the 1990 baseline by at least the percentage
specified in section 1 (the target for 2050);
(c)  for the budgetary period including any later year specified by order of the Secretary of
State, must be such that the annual equivalent of the carbon budget for the period is—

(i)  lower than the 1990 baseline by at least the percentage so specified, or
(ii)  at least the minimum percentage so specified, and not more than the maximum
percentage so specified, lower than the 1990 baseline.

(2) The “annual equivalent”, in relation to the carbon budget for a period, means the amount of the
carbon budget for the period divided by the number of years in the period.

(3) An order under this section is subject to affirmative resolution procedure.

(4) […]2
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Notes
1 Figure substituted by Climate Change Act 2008 (2020 Target, Credit Limit and Definitions) Order 2009/1258

art.2(2) (May 31, 2009)
2 Repealed by Climate Change Act 2008 (2020 Target, Credit Limit and Definitions) Order 2009/1258 art.2(3) (May

31, 2009)

Commencement

Pt 1 s. 5(1)-(4)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 5(1)-(4)(b): United Kingdom 

Law In Force

6   Amendment of target percentages

(1) The Secretary of State may by order amend—
(a)  the percentage specified in section 5(1)(a);
(b)  any percentage specified under section 5(1)(c).

(2) That power may only be exercised—
(a)  if it appears to the Secretary of State that there have been significant developments in—

(i)  scientific knowledge about climate change, or
(ii)  European or international law or policy,

that make it appropriate to do so, or
(b)  in connection with the making of—

(i)  an order under section 24 (designation of further greenhouse gases as targeted
greenhouse gases), or
(ii)  regulations under section 30 (emissions from international aviation or
international shipping).

(3) The developments in scientific knowledge referred to in subsection (2)(a) are—
(a)  in relation to the first exercise of the power conferred by this section in relation to the
percentage specified in section 5(1)(a), developments since June 2000 (the date of the Royal
Commission on Environmental Pollution's 22nd Report, “Energy — the Changing Climate”);
(b)  in relation to the first exercise of the power conferred by this section in relation to any
percentage specified under section 5(1)(c), developments since the evidential basis for the
order setting that percentage was established;
(c)  in relation to a subsequent exercise of any of those powers, developments since the
evidential basis for the previous exercise was established.

(4) The power conferred by this section to amend the percentage in section 5(1)(a) includes power
to amend or repeal section 5(4) (which directs that targeted greenhouse gases other than carbon
dioxide are to be left out of account for the purposes of that provision).

(5) An order under this section is subject to affirmative resolution procedure.
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Commencement

Pt 1 s. 6(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 6(1)-(5): United Kingdom 

Law In Force

7   Consultation on order setting or amending target percentages

(1) Before laying before Parliament a draft of a statutory instrument containing an order under
section 5(1)(c) (order setting target percentage) or section 6 (order amending target percentage),
the Secretary of State must—

(a)  obtain, and take into account, the advice of the Committee on Climate Change, and
(b)  take into account any representations made by the other national authorities.

(2) The Committee must, at the time it gives its advice to the Secretary of State, send a copy to the
other national authorities.

(3) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

(4) The Secretary of State may proceed to lay such a draft statutory instrument before Parliament
without having received a national authority's representations if the authority does not provide them
before the end of the period of three months beginning with the date the Committee's advice was
sent to the authority.

(5) At the same time as laying such a draft statutory instrument before Parliament, the Secretary
of State must publish a statement setting out whether and how the order takes account of any
representations made by the other national authorities.

(6) If the order makes provision different from that recommended by the Committee, the Secretary
of State must also publish a statement setting out the reasons for that decision.

(7) A statement under this section may be published in such manner as the Secretary of State thinks
fit.

Commencement

Pt 1 s. 7(1)-(7): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 7(1)-(7): United Kingdom 
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Law In Force

8   Setting of carbon budgets for budgetary periods

(1) The Secretary of State must set the carbon budget for a budgetary period by order.

(2) The carbon budget for a period must be set with a view to meeting—
(a)  the target in section 1 (the target for 2050), and
(b)  the requirements of section 5 (requirements as to level of carbon budgets),

and complying with the European and international obligations of the United Kingdom.

(3) An order setting a carbon budget is subject to affirmative resolution procedure.

Commencement

Pt 1 s. 8(1)-(3): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 8(1)-(3): United Kingdom 

Law In Force

9   Consultation on carbon budgets

(1) Before laying before Parliament a draft of a statutory instrument containing an order under
section 8 (order setting carbon budget), the Secretary of State must—

(a)  take into account the advice of the Committee on Climate Change under section 34
(advice in connection with carbon budgets), and
(b)  take into account any representations made by the other national authorities.

(2) The Secretary of State may proceed to lay such a draft statutory instrument before Parliament
without having received a national authority's representations if the authority does not provide them
before the end of the period of three months beginning with the date the Committee's advice was
sent to the authority.

(3) At the same time as laying such a draft statutory instrument before Parliament, the Secretary
of State must publish a statement setting out whether and how the order takes account of any
representations made by the other national authorities.

(4) If the order sets the carbon budget at a different level from that recommended by the Committee,
the Secretary of State must also publish a statement setting out the reasons for that decision.

(5) A statement under this section may be published in such manner as the Secretary of State thinks
fit.

Commencement

Pt 1 s. 9(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 9(1)-(5): United Kingdom 
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Law In Force

10   Matters to be taken into account in connection with carbon budgets

(1) The following matters must be taken into account—
(a)  by the Secretary of State in coming to any decision under this Part relating to carbon
budgets, and
(b)  by the Committee on Climate Change in considering its advice in relation to any such
decision.

(2) The matters to be taken into account are—
(a)  scientific knowledge about climate change;
(b)  technology relevant to climate change;
(c)  economic circumstances, and in particular the likely impact of the decision on the
economy and the competitiveness of particular sectors of the economy;
(d)  fiscal circumstances, and in particular the likely impact of the decision on taxation,
public spending and public borrowing;
(e)  social circumstances, and in particular the likely impact of the decision on fuel poverty;
(f)  energy policy, and in particular the likely impact of the decision on energy supplies and
the carbon and energy intensity of the economy;
(g)  differences in circumstances between England, Wales, Scotland and Northern Ireland;
(h)  circumstances at European and international level;
(i)  the estimated amount of reportable emissions from international aviation and international
shipping for the budgetary period or periods in question.

(3) In subsection (2)(i) “the estimated amount of reportable emissions from international aviation
and international shipping”, in relation to a budgetary period, means the aggregate of the amounts
relating to emissions of targeted greenhouse gases from international aviation and international
shipping that the Secretary or State or (as the case may be) the Committee estimates the United
Kingdom will be required to report for that period in accordance with international carbon reporting
practice.

(4) Such amounts may be estimated using such reasonable method or methods as the Secretary of
State or (as the case may be) the Committee considers appropriate.

(5) The duty in subsection (2)(i) applies if and to the extent that regulations under section 30 do
not provide for emissions of targeted greenhouse gases from international aviation and international
shipping in the budgetary period or periods in question to be treated as emissions from sources in
the United Kingdom for the purposes of this Part.

(6) Section 30(1) (emissions from international aviation and international shipping not to count as
emissions from UK sources for the purposes of this Part, except as provided by regulations) does
not prevent the Secretary of State or the Committee from taking into account the matter referred
to in subsection (2)(i) for the purposes of this section.

(7) Nothing in this section is to be read as restricting the matters that the Secretary of State or the
Committee may take into account.
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Commencement

Pt 1 s. 10(1)-(7): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 10(1)-(7): United Kingdom 

Limit on use of carbon units

Law In Force

11   Limit on use of carbon units

(1) It is the duty of the Secretary of State to set a limit on the net amount of carbon units that may
be credited to the net UK carbon account for each budgetary period.

(2) The “net amount of carbon units” means—
(a)  the amount of carbon units credited to the net UK carbon account for the period in
accordance with regulations under section 27, less
(b)  the amount of carbon units debited from the net UK carbon account for the period in
accordance with such regulations.

(3) The limit for a budgetary period must be set—
(a)  for the period 2008–2012, not later than 1st June 2009, and
(b)  for any later period, not later than 18 months before the beginning of the period in
question.

(4) The Secretary of State must set a limit under this section by order.

(5) The order may provide that carbon units of a description specified in the order do not count
towards the limit.

(6) An order under this section is subject to affirmative resolution procedure.

(7) Before laying before Parliament a draft of a statutory instrument containing an order under this
section in relation to a budgetary period, the Secretary of State must—

(a)  take into account the advice of the Committee on Climate Change under section 34(1)(b)
(advice on use of carbon units) in relation to that period, and
(b)  consult the other national authorities.

Commencement

Pt 1 s. 11(1)-(7)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 11(1)-(7)(b): United Kingdom 
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Indicative annual ranges

Law In Force

12   Duty to provide indicative annual ranges for net UK carbon account

(1) As soon as is reasonably practicable after making an order setting the carbon budget for a
budgetary period, the Secretary of State must lay before Parliament a report setting out an indicative
annual range for the net UK carbon account for each year within the period.

(2) An “indicative annual range”, in relation to a year, is a range within which the Secretary of
State expects the amount of the net UK carbon account for the year to fall.

(3) Before laying a report under this section before Parliament, the Secretary of State must consult
the other national authorities on the indicative annual ranges set out in the report.

(4) The Secretary of State must send a copy of the report to those authorities.

Commencement

Pt 1 s. 12(1)-(4): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 12(1)-(4): United Kingdom 

Proposals and policies for meeting carbon budgets

Law In Force

13   Duty to prepare proposals and policies for meeting carbon budgets

(1) The Secretary of State must prepare such proposals and policies as the Secretary of State
considers will enable the carbon budgets that have been set under this Act to be met.

(2) The proposals and policies must be prepared with a view to meeting—
(a)  the target in section 1 (the target for 2050), and
(b)  any target set under section 5(1)(c) (power to set targets for later years).

(3) The proposals and policies, taken as a whole, must be such as to contribute to sustainable
development.

(4) In preparing the proposals and policies, the Secretary of State may take into account the proposals
and policies the Secretary of State considers may be prepared by other national authorities.
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Commencement

Pt 1 s. 13(1)-(4): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 13(1)-(4): United Kingdom 

Law In Force

14   Duty to report on proposals and policies for meeting carbon budgets

(1) As soon as is reasonably practicable after making an order setting the carbon budget for a
budgetary period, the Secretary of State must lay before Parliament a report setting out proposals
and policies for meeting the carbon budgets for the current and future budgetary periods up to and
including that period.

(2) The report must, in particular, set out—
(a)  the Secretary of State's current proposals and policies under section 13, and
(b)  the time-scales over which those proposals and policies are expected to take effect.

(3) The report must explain how the proposals and policies set out in the report affect different
sectors of the economy.

(4) The report must outline the implications of the proposals and policies as regards the crediting
of carbon units to the net UK carbon account for each budgetary period covered by the report.

(5) So far as the report relates to proposals and policies of the Scottish Ministers, the Welsh Ministers
or a Northern Ireland department, it must be prepared in consultation with that authority.

(6) The Secretary of State must send a copy of the report to those authorities.

Commencement

Pt 1 s. 14(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 14(1)-(6): United Kingdom 

Law In Force

15   Duty to have regard to need for UK domestic action on climate change

(1) In exercising functions under this Part involving consideration of how to meet—
(a)  the target in section 1(1) (the target for 2050), or
(b)  the carbon budget for any period,

the Secretary of State must have regard to the need for UK domestic action on climate change.

(2) “UK domestic action on climate change” means reductions in UK emissions of targeted
greenhouse gases or increases in UK removals of such gases (or both).
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Commencement

Pt 1 s. 15(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 15(1)-(2): United Kingdom 

Determination whether objectives met

Law In Force

16   Annual statement of UK emissions

(1) It is the duty of the Secretary of State to lay before Parliament in respect of each year, beginning
with the year 2008, a statement containing the following information.

(2) In respect of each greenhouse gas (whether or not a targeted greenhouse gas), it must—
(a)  state the amount for the year of UK emissions, UK removals and net UK emissions of
that gas,
(b)  identify the methods used to measure or calculate those amounts, and
(c)  state whether any of those amounts represents an increase or decrease compared to the
equivalent amount for the previous year.

(3) It must state the aggregate amount for the year of UK emissions, UK removals and net UK
emissions of all greenhouse gases.

(4) If in accordance with international carbon reporting practice a change of method is such as to
require adjustment of an amount for an earlier year in the same budgetary period, it must specify
the adjustment required and state the adjusted amount.

(5) If emissions of a greenhouse gas from international aviation or international shipping are not
required to be included in the statement by virtue of subsection (2), it must state any amounts
relating to such emissions that the United Kingdom is required to report for the year in accordance
with international carbon reporting practice.

(6) It must—
(a)  state the total amount of carbon units that have been credited to or debited from the net
UK carbon account for the year, and
(b)  give details of the number and type of those carbon units.

(7) It must state the amount of the net UK carbon account for the year.

(8) It must state—
(a)  the amount of net UK emissions of carbon dioxide for the year 1990,
(b)  the amount of net UK emissions of each targeted greenhouse gas other than carbon
dioxide for the year that is the base year for that gas, and
(c)  a baseline amount for each greenhouse gas that is not a targeted greenhouse gas,
determined on such basis as the Secretary of State considers appropriate.
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(9) The amount referred to in subsection (8)(c) may be—
(a)  the amount of net UK emissions of the gas for the year 1990 or a different year, or
(b)  the average amount of net UK emissions of the gas for a number of years.

(10) The statement required by this section must be laid before Parliament not later than 31st March
in the second year following that to which it relates.

(11) The Secretary of State must send a copy of the statement to the other national authorities.

Commencement

Pt 1 s. 16(1)-(11): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 16(1)-(11): United Kingdom 

Law In Force

17   Powers to carry amounts from one budgetary period to another

(1) The Secretary of State may decide to carry back part of the carbon budget for a budgetary period
to the preceding budgetary period.
The carbon budget for the later period is reduced, and that for the earlier period increased, by the
amount carried back.

(2) The amount carried back under subsection (1) must not exceed 1% of the carbon budget for the
later period.

(3) The Secretary of State may decide to carry forward the whole or part of any amount by which
the carbon budget for a budgetary period exceeds the net UK carbon account for the period.
The amount of the carbon budget for the next budgetary period is increased by the amount carried
forward.

(4) Before deciding to carry an amount back or forward under this section, the Secretary of State
must—

(a)  consult the other national authorities, and
(b)  obtain, and take into account, the advice of the Committee on Climate Change.

(5) Any such decision must be made no later than 31st May in the second year after the end of the
earlier of the two budgetary periods affected.

Commencement

Pt 1 s. 17(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 17(1)-(5): United Kingdom 
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Law In Force

18   Final statement for budgetary period

(1) It is the duty of the Secretary of State to lay before Parliament in respect of each budgetary
period a statement containing the following information.

(2) In respect of each targeted greenhouse gas, it must state the final amount for the period of UK
emissions, UK removals and net UK emissions of that gas.
That is the total of the amounts (or adjusted amounts) stated under section 16 (annual statement of
UK emissions) in respect of that gas for the years included in the period.

(3) It must—
(a)  state the final amount of carbon units that have been credited to or debited from the net
UK carbon account for the period, and
(b)  give details of the number and type of those carbon units.

(4) It must state the final amount of the net UK carbon account for the period.

(5) It must state whether the Secretary of State has decided to carry an amount back under section
17(1) (power to carry amount back from the budget for the next budgetary period), and if so what
amount.

(6) It must state the amount of the carbon budget for the period.
That is the amount originally set, subject to any exercise of the powers conferred by section 17
(powers to carry amounts from one budgetary period to another) and any alteration of the budget
under section 21.

(7) Whether the carbon budget for a period has been met shall be determined by reference to the
figures given in the statement laid before Parliament under this section in respect of that period.

(8) If the carbon budget for the period has not been met, the statement must explain why it has not
been met.

(9) The statement required by this section must be laid before Parliament not later than 31st May
in the second year following the end of the period to which it relates.

(10) The Secretary of State must send a copy of the statement to the other national authorities.

Commencement

Pt 1 s. 18(1)-(10): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 18(1)-(10): United Kingdom 

Law In Force

19   Duty to report on proposals and policies for compensating for budget excess

(1) As soon as is reasonably practicable after laying a statement before Parliament under section
18 in respect of a period for which the net UK carbon account exceeds the carbon budget, the
Secretary of State must lay before Parliament a report setting out proposals and policies to
compensate in future periods for the excess emissions.
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(2) So far as the report relates to proposals and policies of the Scottish Ministers, the Welsh Ministers
or a Northern Ireland department, it must be prepared in consultation with that authority.

(3) The Secretary of State must send a copy of the report to those authorities.

Commencement

Pt 1 s. 19(1)-(3): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 19(1)-(3): United Kingdom 

Law In Force

20   Final statement for 2050

(1) It is the duty of the Secretary of State to lay before Parliament in respect of the year 2050 a
statement containing the following information.

(2) In respect of each targeted greenhouse gas, it must state the amount for that year of UK emissions,
UK removals and net UK emissions of that gas.
That is the amount stated for that year in respect of that gas under section 16 (annual statement of
UK emissions).

(3) It must—
(a)  state the amount of carbon units that have been credited to or debited from the net UK
carbon account for the year, and
(b)  give details of the number and type of those carbon units.

(4) It must state the amount of the net UK carbon account for that year.

(5) Whether the target in section 1 (the target for 2050) has been met shall be determined by reference
to the figures given in the statement laid before Parliament under this section.

(6) If the target has not been met, the statement must explain why it has not been met.

(7) The statement required by this section must be laid before Parliament not later than 31st May
2052.

(8) The Secretary of State must send a copy of the statement to the other national authorities.

Commencement

Pt 1 s. 20(1)-(8): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 20(1)-(8): United Kingdom 

Alteration of budgets or budgetary periods
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Law In Force

21   Alteration of carbon budgets

(1) An order setting the carbon budget for a period may not be revoked after the date by which a
budget for the period was required to be set.

(2) An order setting the carbon budget for a period may be amended after the date by which a
budget for the period was required to be set only if it appears to the Secretary of State that, since
the budget was originally set (or previously altered), there have been significant changes affecting
the basis on which the previous decision was made.

(3) An order setting the carbon budget for a period may be amended after the period has begun
only if it appears to the Secretary of State that there have been such changes since the period began.

(4) An order setting the carbon budget for a period may not be amended after the period has ended.

(5) An order revoking or amending an order setting a carbon budget is subject to affirmative
resolution procedure.

Commencement

Pt 1 s. 21(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 21(1)-(5): United Kingdom 

Law In Force

22   Consultation on alteration of carbon budgets

(1) Before laying before Parliament a draft of a statutory instrument containing an order under
section 21 (alteration of carbon budgets), the Secretary of State must—

(a)  obtain, and take into account, the advice of the Committee on Climate Change, and
(b)  take into account any representations made by the other national authorities.

(2) The Committee must, at the time it gives its advice to the Secretary of State, send a copy to the
other national authorities.

(3) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

(4) The Secretary of State may proceed to lay such a draft statutory instrument before Parliament
without having received a national authority's representations if the authority does not provide them
before the end of the relevant period.

(5) The relevant period is—
(a)  if the budgetary period to which the order relates has begun, one month beginning with
the date the Committee's advice was sent to the authority, or
(b)  otherwise, three months beginning with that date.

(6) At the same time as laying such a draft statutory instrument before Parliament, the Secretary
of State must publish a statement setting out whether and how the order takes account of any
representations made by the other national authorities.
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(7) If the order makes provision different from that recommended by the Committee, the Secretary
of State must also publish a statement setting out the reasons for that decision.

(8) A statement under this section may be published in such manner as the Secretary of State thinks
fit.

Commencement

Pt 1 s. 22(1)-(8): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 22(1)-(8): United Kingdom 

Law In Force

23   Alteration of budgetary periods

(1) The Secretary of State may by order amend section 4(1)(a) so as to alter—
(a)  the length of the budgetary periods, or
(b)  the dates in the calendar year on which the budgetary periods begin and end.

(2) This power may only be exercised if it appears to the Secretary of State necessary to do so in
order to keep the budgetary periods under this Part in line with similar periods under any agreement
at European or international level to which the United Kingdom is a party.

(3) The power may not be exercised in such a way that any period falls outside a budgetary period.

(4) An order may make such consequential amendments of the provisions of this Act as appear to
the Secretary of State to be necessary or expedient.

(5) Before making an order under this section the Secretary of State must consult the other national
authorities.

(6) An order under this section is subject to affirmative resolution procedure.

Commencement

Pt 1 s. 23(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 23(1)-(6): United Kingdom 

Targeted greenhouse gases

Law In Force

24   Targeted greenhouse gases

(1) In this Part a “targeted greenhouse gas” means—
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(a)  carbon dioxide,
(b)  methane,
(c)  nitrous oxide,
(d)  hydrofluorocarbons,
(e)  perfluorocarbons,
(f)  sulphur hexafluoride, and
(g)  any other greenhouse gas designated as a targeted greenhouse gas by order made by
the Secretary of State.

(2) The order may make such consequential amendments of the provisions of this Act as appear to
the Secretary of State to be necessary or expedient.

(3) Before making an order under this section, the Secretary of State must—
(a)  consult the other national authorities, and
(b)  obtain, and take into account, the advice of the Committee on Climate Change.

(4) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

(5) If the order makes provision different from that recommended by the Committee, the Secretary
of State must publish a statement setting out the reasons for that decision.

(6) The statement may be published in such manner as the Secretary of State thinks fit.

(7) An order under this section is subject to affirmative resolution procedure.

Commencement

Pt 1 s. 24(1)-(7): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 24(1)-(7): United Kingdom 

Law In Force

25   Base years for targeted greenhouse gases other than CO2

(1) The base years for the purposes of this Act for targeted greenhouse gases other than carbon
dioxide are—

Base yearGas

1990methane

1990nitrous oxide

1995hydrofluorocarbons

1995perfluorocarbons

1995sulphur hexafluoride

(2) The Secretary of State may make provision by order amending the table in subsection (1) so as
to—

(a)  specify the base year for a gas designated as a targeted greenhouse gas by order under
section 24(1), or
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(b)  specify a different base year from that for the time being specified in relation to any
targeted greenhouse gas other than carbon dioxide.

(3) An order may—
(a)  designate a particular base year, or
(b)  designate a number of base years and provide that the average amount of net UK
emissions of a gas for those years is to be treated for the purposes of this Act as the amount
of net UK emissions for the base year.

(4) The power in subsection (2)(b) may only be exercised if it appears to the Secretary of State that
there have been significant developments in European or international law or policy that make it
appropriate to do so.

(5) Before making an order under this section, the Secretary of State must—
(a)  consult the other national authorities, and
(b)  obtain, and take into account, the advice of the Committee on Climate Change.

(6) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

(7) If the order makes provision different from that recommended by the Committee, the Secretary
of State must publish a statement setting out the reasons for that decision.

(8) The statement may be published in such manner as the Secretary of State thinks fit.

(9) An order under this section is subject to affirmative resolution procedure.

Commencement

Pt 1 s. 25(1)-(9): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 25(1)-(9): United Kingdom 

Carbon units, carbon accounting and the net UK carbon account

Law In Force

26   Carbon units and carbon accounting

(1) In this Part a “carbon unit” means a unit of a kind specified in regulations made by the Secretary
of State and representing—

(a)  a reduction in an amount of greenhouse gas emissions,
(b)  the removal of an amount of greenhouse gas from the atmosphere, or
(c)  an amount of greenhouse gas emissions allowed under a scheme or arrangement imposing
a limit on such emissions.

(2) The Secretary of State may make provision by regulations for a scheme—
(a)  for registering or otherwise keeping track of carbon units, or
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(b)  for establishing and maintaining accounts in which carbon units may be held, and
between which they may be transferred, by the Secretary of State.

The regulations may, in particular, provide for an existing scheme to be adapted for these purposes.

(3) The regulations may make provision—
(a)  appointing a body to administer the scheme;
(b)  establishing a body for that purpose and making such provision in relation to the
appointment of members, staffing, expenditure, procedure and otherwise as the Secretary
of State considers appropriate;
(c)  conferring power on the Secretary of State to give guidance or directions to the body
administering the scheme;
(d)  conferring power on the Secretary of State to delegate the performance of any of the
functions conferred or imposed on the Secretary of State by the regulations;
(e)  requiring the payment by persons using the scheme of charges (of an amount determined
by or under the regulations) towards the cost of operating it.

(4) If an existing body is appointed to administer the scheme, the regulations may make such
modifications of any enactment relating to that body as the Secretary of State considers appropriate.

Commencement

Pt 1 s. 26(1)-(4): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 26(1)-(4): United Kingdom 

Law In Force

27   Net UK carbon account

(1) In this Part the “net UK carbon account” for a period means the amount of net UK emissions
of targeted greenhouse gases for the period—

(a)  reduced by the amount of carbon units credited to the net UK carbon account for the
period in accordance with regulations under this section, and
(b)  increased by the amount of carbon units that in accordance with such regulations are
to be debited from the net UK carbon account for the period.

(2) The net amount of carbon units credited to the net UK carbon account for a budgetary period
must not exceed the limit set under section 11 (limit on use of carbon units) for the period.

(3) The Secretary of State must make provision by regulations about—
(a)  the circumstances in which carbon units may be credited to the net UK carbon account
for a period,
(b)  the circumstances in which such units must be debited from that account for a period,
and
(c)  the manner in which this is to be done.

(4) The regulations must contain provision for ensuring that carbon units that are credited to the
net UK carbon account for a period cease to be available to offset other greenhouse gas emissions.
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(5) The regulations must contain provision—
(a)  for determining whether the total amount of carbon units allocated to the United Kingdom
for each budgetary period under schemes or arrangements imposing a limit on emissions
from sources in the United Kingdom represent an amount of net UK emissions of targeted
greenhouse gases for the period greater than the carbon budget for the period, and
(b)  for ensuring that, if this is the case, carbon units representing the amount of such
emissions in excess of the budget are not used to offset greenhouse gas emissions in the
United Kingdom or elsewhere.

Commencement

Pt 1 s. 27(1)-(5)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 27(1)-(5)(b): United Kingdom 

Law In Force

28   Procedure for regulations under section 26 or 27

(1) The following provisions apply in relation to regulations under section 26 (carbon units and
carbon accounting) or section 27 (net UK carbon account).

(2) The regulations are subject to affirmative resolution procedure if—
(a)  they are the first regulations to be made under those sections,
(b)  they specify a carbon unit of a kind not previously specified in regulations made under
those sections,
(c)  they alter the amount by which—

(i)  a carbon unit that is credited to the net UK carbon account for a period reduces
the net UK carbon account for that period, or
(ii)  a carbon unit that is debited from the net UK carbon account for a period
increases the net UK carbon account for that period, or

(d)  they make modifications of an enactment contained in primary legislation.

(3) Otherwise the regulations are subject to negative resolution procedure.

(4) The Secretary of State must consult the other national authorities—
(a)  in the case of regulations subject to affirmative resolution procedure, before laying
before Parliament a draft of a statutory instrument containing the regulations;
(b)  in the case of regulations subject to negative resolution procedure, before making the
regulations.

(5) The Secretary of State must obtain, and take into account, the advice of the Committee on
Climate Change before laying before Parliament a draft of a statutory instrument containing—

(a)  the first regulations to be made under those sections, or
(b)  regulations making provision of the kind described in paragraph (b) or (c) of subsection
(2).
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Commencement

Pt 1 s. 28(1)-(5)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 28(1)-(5)(b): United Kingdom 

Other supplementary provisions

Law In Force

29   UK emissions and removals of greenhouse gases

(1) In this Part—
(a)  “UK emissions”, in relation to a greenhouse gas, means emissions of that gas from
sources in the United Kingdom;
(b)  “UK removals”, in relation to a greenhouse gas, means removals of that gas from the
atmosphere due to land use, land-use change or forestry activities in the United Kingdom;
(c)  the “net UK emissions” for a period, in relation to a greenhouse gas, means the amount
of UK emissions of that gas for the period reduced by the amount for the period of UK
removals of that gas.

(2) The amount of UK emissions and UK removals of a greenhouse gas for a period must be
determined consistently with international carbon reporting practice.

Commencement

Pt 1 s. 29(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 29(1)-(2): United Kingdom 

Law In Force

30   Emissions from international aviation or international shipping

(1) Emissions of greenhouse gases from international aviation or international shipping do not
count as emissions from sources in the United Kingdom for the purposes of this Part, except as
provided by regulations made by the Secretary of State.

(2) The Secretary of State may by order define what is to be regarded for this purpose as international
aviation or international shipping.
Any such order is subject to affirmative resolution procedure.

(3) The Secretary of State must, before expiry of the period ending with 31st December 2012—
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(a)  make provision by regulations as to the circumstances in which, and the extent to which,
emissions from international aviation or international shipping are to be regarded for the
purposes of this Part as emissions from sources in the United Kingdom, or
(b)  lay before Parliament a report explaining why regulations making such provision have
not been made.

(4) The expiry of the period mentioned in subsection (3) does not affect the power of the Secretary
of State to make regulations under this section.

(5) Regulations under this section—
(a)  may make provision only in relation to emissions of a targeted greenhouse gas;
(b)  may, in particular, provide for such emissions to be regarded as emissions from sources
in the United Kingdom if they relate to the transport of passengers or goods to or from the
United Kingdom.

(6) Regulations under this section may make provision—
(a)  as to the period or periods (whether past or future) in which emissions of the targeted
greenhouse gas are to be taken into account as UK emissions of that gas, and
(b)  as to the manner in which such emissions are to be taken into account in determining
UK emissions of that gas for the year that is the base year for that gas.

(7) They may, in particular—
(a)  designate a different base year, or
(b)  designate a number of base years,

and provide for the emissions in that year, or the average amount of emissions in those years, to
be treated for the purposes of this Act as UK emissions of that gas for the year that is the base year
for that gas.

(8) For the purposes of this section the base year for carbon dioxide is the year that is the baseline
year for the purposes of this Part.

Commencement

Pt 1 s. 30(1)-(8): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 30(1)-(8): United Kingdom 

Law In Force

31   Procedure for regulations under section 30

(1) Before making regulations under section 30, the Secretary of State must obtain, and take into
account, the advice of the Committee on Climate Change.

(2) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

(3) If the regulations make provision different from that recommended by the Committee, the
Secretary of State must publish a statement setting out the reasons for that decision.

(4) The statement may be published in such manner as the Secretary of State thinks fit.
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(5) Regulations under section 30 are subject to affirmative resolution procedure.

Commencement

Pt 1 s. 31(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 1 s. 31(1)-(5): United Kingdom 

PART 2

THE COMMITTEE ON CLIMATE CHANGE

The Committee

Law In Force

32   The Committee on Climate Change

(1) There shall be a body corporate to be known as the Committee on Climate Change or, in Welsh,
as y Pwyllgor ar Newid Hinsawdd (referred to in this Part as “the Committee”).

(2) Schedule 1 contains further provisions about the Committee.

Commencement

Pt 2 s. 32(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 32(1)-(2): United Kingdom 

Functions of the Committee

Law In Force

33   Advice on level of 2050 target

(1) It is the duty of the Committee to advise the Secretary of State on—
(a)  whether the percentage specified in section 1(1) (the target for 2050) should be amended,
and
(b)  if so, what the amended percentage should be.
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(2) Advice given by the Committee under this section must also contain the reasons for that advice.

(3) The Committee must give its advice under this section not later than 1st December 2008.

(4) The Committee must, at the time it gives its advice under this section to the Secretary of State,
send a copy to the other national authorities.

(5) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

Commencement

Pt 2 s. 33(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 33(1)-(5): United Kingdom 

Law In Force

34   Advice in connection with carbon budgets

(1) It is the duty of the Committee to advise the Secretary of State, in relation to each budgetary
period, on—

(a)  the level of the carbon budget for the period,
(b)  the extent to which the carbon budget for the period should be met—

(i)  by reducing the amount of net UK emissions of targeted greenhouse gases, or
(ii)  by the use of carbon units that in accordance with regulations under sections
26 and 27 may be credited to the net UK carbon account for the period,

(c)  the respective contributions towards meeting the carbon budget for the period that
should be made—

(i)  by the sectors of the economy covered by trading schemes (taken as a whole);
(ii)  by the sectors of the economy not so covered (taken as a whole), and

(d)  the sectors of the economy in which there are particular opportunities for contributions
to be made towards meeting the carbon budget for the period through reductions in emissions
of targeted greenhouse gases.

(2) In relation to the budgetary period 2008–2012, the Committee must also advise the Secretary
of State on—

(a)  whether it would be consistent with its advice on the level of the carbon budget for the
period to set a carbon budget such that the annual equivalent for the period was lower than
the 1990 baseline by 20%, and
(b)  the costs and benefits of setting such a budget.

(3) Advice given by the Committee under this section must also contain the reasons for that advice.

(4) The Committee must give its advice under this section—
(a)  for the budgetary periods 2008–2012, 2013–2017 and 2018–2022, not later than 1st
December 2008;
(b)  for any later period, not later than six months before the last date for setting the carbon
budget for the period (see section 4(2)(b)).
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(5) The Committee must, at the time it gives its advice under this section to the Secretary of State,
send a copy to the other national authorities.

(6) As soon as is reasonably practicable after giving its advice under this section the Committee
must publish that advice in such manner as it considers appropriate.

Commencement

Pt 2 s. 34(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 34(1)-(6): United Kingdom 

Law In Force

35   Advice on emissions from international aviation and international shipping

(1) It is the duty of the Committee to advise the Secretary of State on the consequences of treating
emissions of targeted greenhouse gases from—

(a)  international aviation, and
(b)  international shipping,

as emissions from sources in the United Kingdom for the purposes of Part 1.

(2) The duty applies if and to the extent that regulations under section 30 do not provide for such
emissions to be so treated.

(3) Advice given by the Committee under this section must also contain the reasons for that advice.

(4) The Committee must give its advice under this section—
(a)  when it gives its advice under section 34 for the budgetary period 2023–2027, and
(b)  when it gives its advice under that section for each subsequent budgetary period.

(5) The Committee must, at the time it gives its advice under this section to the Secretary of State,
send a copy to the other national authorities.

(6) As soon as is reasonably practicable after giving its advice to the Secretary of State, the
Committee must publish that advice in such manner as it considers appropriate.

Commencement

Pt 2 s. 35(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 35(1)-(6): United Kingdom 
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Law In Force

36   Reports on progress

(1) It is the duty of the Committee to lay before Parliament and each of the devolved legislatures
each year, beginning with the year 2009, a report setting out the Committee's views on—

(a)  the progress that has been made towards meeting the carbon budgets that have been set
under Part 1 and the target in section 1 (the target for 2050),
(b)  the further progress that is needed to meet those budgets and that target, and
(c)  whether those budgets and that target are likely to be met.

(2) The Committee's report in the second year after the end of a budgetary period must also set out
the Committee's general views on—

(a)  the way in which the budget for the period was or was not met, and
(b)  action taken during the period to reduce net UK emissions of targeted greenhouse gases.

(3) The first report under this section must be laid before Parliament and the devolved legislatures
not later than 30th September 2009.

(4) Each subsequent report under this section, other than one in the second year after the end of a
budgetary period, must be laid before Parliament and the devolved legislatures not later than 30th
June in the year in which it is made.

(5) A report in the second year after the end of a budgetary period must be laid before Parliament
and the devolved legislatures not later than 15th July in the year in which it is made.

(6) The Secretary of State may by order extend the period mentioned in subsection (4) or (5).

(7) Before making such an order the Secretary of State must consult the other national authorities.

(8) Any such order is subject to negative resolution procedure.

Commencement

Pt 2 s. 36(1)-(8): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 36(1)-(8): United Kingdom 

Law In Force

37   Response to Committee's reports on progress

(1) The Secretary of State must lay before Parliament a response to the points raised by each report
of the Committee under section 36 (reports on progress).

(2) Before doing so, the Secretary of State must consult the other national authorities on a draft of
the response.

(3) The response to the Committee's first report under section 36 must be laid before Parliament
not later than 15th January 2010.

(4) Each subsequent response must be laid before Parliament not later than 15th October in the
year in which the Committee's report is made.

Climate Change Act 2008  Page 27

54  



(5) The Secretary of State may by order extend that period.

(6) Any such order is subject to negative resolution procedure.

Commencement

Pt 2 s. 37(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 37(1)-(6): United Kingdom 

Law In Force

38   Duty to provide advice or other assistance on request

(1) The Committee must, at the request of a national authority, provide advice, analysis, information
or other assistance to the authority in connection with—

(a)  the authority's functions under this Act,
(b)  the progress made towards meeting the objectives set by or under this Act,
(c)  adaptation to climate change, or
(d)  any other matter relating to climate change.

(2) In particular, the Committee must, at the request of a national authority—
(a)  advise the authority about any limit proposed to be set by a trading scheme on the total
amount of the activities to which the scheme applies, or
(b)  assist the authority in connection with the preparation of statistics relating to greenhouse
gas emissions.

(3) The Committee must, at the request of a national authority other than the Secretary of State,
provide advice, analysis, information or other assistance to the authority in connection with any
target, budget or similar requirement relating to emissions of greenhouse gas that has been adopted
by the authority or to which the authority is otherwise subject.

Commencement

Pt 2 s. 38(1)-(3): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 38(1)-(3): United Kingdom 

Supplementary provisions
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Law In Force

39   General ancillary powers

(1) The Committee may do anything that appears to it necessary or appropriate for the purpose of,
or in connection with, the carrying out of its functions.

(2) In particular the Committee may—
(a)  enter into contracts,
(b)  acquire, hold and dispose of property,
(c)  borrow money,
(d)  accept gifts, and
(e)  invest money.

(3) In exercising its functions, the Committee may—
(a)  gather information and carry out research and analysis,
(b)  commission others to carry out such activities, and
(c)  publish the results of such activities carried out by the Committee or others.

(4) The Committee must have regard to the desirability of involving the public in the exercise of
its functions.

Commencement

Pt 2 s. 39(1)-(4): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 39(1)-(4): United Kingdom 

Law In Force

40   Grants to the Committee
A national authority may make grants to the Committee of such amount and subject to such
conditions as the authority thinks fit.

Commencement

Pt 2 s. 40: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 40: United Kingdom 

Law In Force

41   Powers to give guidance

(1) The national authorities may give the Committee guidance as to the matters it is to take into
account in the exercise of—

(a)  its functions generally, or
(b)  any of its functions under Schedule 1.
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(2) The Secretary of State may give the Committee guidance as to the matters it is to take into
account in the exercise of its functions under—

(a)  Part 1 (carbon target and budgeting),
(b)  section 33 (advice on level of 2050 target),
(c)  section 34 (advice in connection with carbon budgets),
(d)  section 35 (advice on emissions from international aviation and international shipping),
(e)  section 36 (reports on progress),
(f)  section 57 (advice on report on impact of climate change), or
(g)  section 59 (reporting on progress in connection with adaptation).

Before giving guidance under any of paragraphs (a) to (f), the Secretary of State must consult the
other national authorities.

(3) A national authority that requests the Committee to provide advice, analysis, information or
other assistance under—

(a)  section 38 (duty to provide advice or assistance on request), or
(b)  section 48 (advice on trading scheme regulations),

may give the Committee guidance as to the matters it is to take into account in responding to that
request.
If the request is made by two or more national authorities, the guidance must be given by them
jointly.

(4) The power to give guidance under this section includes power to vary or revoke it.

(5) In performing its functions the Committee must have regard to any guidance given under this
section.

Commencement

Pt 2 s. 41(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 41(1)-(5): United Kingdom 

Law In Force

42   Powers to give directions

(1) The national authorities may give the Committee directions as to the exercise of—
(a)  its functions generally, or
(b)  any of its functions under Schedule 1.

(2) The Secretary of State may give the Committee directions as to the exercise of its functions
under—

(a)  Part 1 (carbon target and budgeting),
(b)  section 33 (advice on level of 2050 target),
(c)  section 34 (advice in connection with carbon budgets),
(d)  section 35 (advice on emissions from international aviation and international shipping),
(e)  section 36 (reports on progress),
(f)  section 57 (advice on report on impact of climate change), or
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(g)  section 59 (reporting on progress in connection with adaptation).
Before giving directions under any of paragraphs (a) to (f), the Secretary of State must consult the
other national authorities.

(3) A national authority that requests the Committee to provide advice, analysis, information or
other assistance under—

(a)  section 38 (duty to provide advice or assistance on request), or
(b)  section 48 (advice on trading scheme regulations),

may give the Committee directions as to the exercise of its functions in responding to that request.
If the request is made by two or more national authorities, the directions must be given by them
jointly.

(4) The power to give directions under this section does not include power to direct the Committee
as to the content of any advice or report.

(5) The power to give directions under this section includes power to vary or revoke the directions.

(6) The Committee must comply with any directions given under this section.

Commencement

Pt 2 s. 42(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 42(1)-(6): United Kingdom 

Interpretation

Law In Force

43   Interpretation of Part 2
Expressions used in this Part that are defined in Part 1 (carbon target and budgeting) have the same
meaning as in that Part.

Commencement

Pt 2 s. 43: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 2 s. 43: United Kingdom 

PART 3

TRADING SCHEMES
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Trading schemes

Law In Force

44   Trading schemes

(1) The relevant national authority may make provision by regulations for trading schemes relating
to greenhouse gas emissions.

(2) A “trading scheme” is a scheme that operates by—
(a)  limiting or encouraging the limitation of activities that consist of the emission of
greenhouse gas or that cause or contribute, directly or indirectly, to such emissions, or
(b)  encouraging activities that consist of, or that cause or contribute, directly or indirectly,
to reductions in greenhouse gas emissions or the removal of greenhouse gas from the
atmosphere.

Commencement

Pt 3 s. 44(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 44(1)-(2)(b): United Kingdom 

Law In Force

45   Activities to which trading schemes may apply

(1) For the purposes of this Part activities are regarded as indirectly causing or contributing to
greenhouse gas emissions if they involve, in particular—

(a)  the consumption of energy,
(b)  the use of materials in whose production energy was consumed,
(c)  the disposal otherwise than for recycling of materials in whose production energy was
consumed, or
(d)  the production or supply of anything whose subsequent use directly causes or contributes
to greenhouse gas emissions.

(2) Correspondingly, for the purposes of this Part activities are regarded as indirectly causing or
contributing to the reduction of greenhouse gas emissions if they involve a reduction under any of
those heads.

(3) This Part applies to activities carried on in the United Kingdom, regardless of where the related
emissions, reductions or removals of greenhouse gas occur.

Commencement

Pt 3 s. 45(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 45(1)-(3): United Kingdom 
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Law In Force

46   Matters that may or must be provided for in regulations

(1) Schedule 2 specifies matters that may or must be provided for in regulations under section 44.

(2) In that Schedule—
Part 1 deals with schemes that operate by limiting or encouraging the limitation of activities
that consist of the emission of greenhouse gas or that cause or contribute, directly or
indirectly, to such emissions;
Part 2 deals with schemes that operate by encouraging activities that consist of, or that cause
or contribute, directly or indirectly, to reductions in greenhouse gas emissions or the removal
of greenhouse gas from the atmosphere;
Part 3 deals with administration and enforcement.

(3) Regulations under section 44 may also make provision about the application of the regulations
to the Crown.

Commencement

Pt 3 s. 46(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 46(1)-(3): United Kingdom 

Authorities and regulations

Law In Force

47   Relevant national authorities

(1) This section identifies “the relevant national authority” for the purposes of this Part.

(2) The Scottish Ministers are the relevant national authority in relation to matters within the
legislative competence of the Scottish Parliament.

(3) The Welsh Ministers are the relevant national authority in relation to matters that—
(a)  are within the legislative competence of the National Assembly for Wales, or
(b)  relate to limiting or encouraging the limitation of activities in Wales that consist of the
emission of greenhouse gas, other than activities in connection with offshore oil and gas
exploration and exploitation.

(4) In subsection (3)(b)—
“Wales” has the same meaning as in the Government of Wales Act 2006 (c. 32); and
“offshore oil and gas exploration and exploitation” has the same meaning as in the National
Assembly for Wales (Transfer of Functions) Order 2005 (S.I. 2005/1958).
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(5) The Secretary of State or the relevant Northern Ireland department is the relevant authority in
relation to reserved matters within the meaning of the Northern Ireland Act 1998 (c. 47).

(6) The relevant Northern Ireland department is the relevant authority in relation to all other matters
within the legislative competence of the Northern Ireland Assembly.

(7) The Secretary of State is the relevant national authority in relation to all other matters.

Commencement

Pt 3 s. 47(1)-(7): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 47(1)-(7): United Kingdom 

Law In Force

48   Procedure for making regulations

(1) Before making regulations under this Part, a national authority must—
(a)  obtain, and take into account, the advice of the Committee on Climate Change, and
(b)  consult such persons likely to be affected by the regulations as the authority considers
appropriate.

(2) In particular, before making regulations under this Part that set a limit on the total amount of
the activities to which a trading scheme applies for a trading period or periods, a national authority
must obtain, and take into account, the advice of the Committee on Climate Change on the amount
of that limit.

(3) Regulations under this Part are subject to affirmative resolution procedure if they contain
provision—

(a)  setting up a trading scheme,
(b)  extending the class of participants or activities to which a trading scheme applies,
(c)  extending the duration of a trading scheme,
(d)  making the overall requirements of a trading scheme significantly more onerous,
(e)  conferring new powers to enforce the requirements of a trading scheme,
(f)  imposing or providing for the imposition of new financial or other penalties or increasing
the amount of existing financial penalties,
(g)  creating an offence or increasing the penalties for an existing offence, or
(h)  amending or repealing a provision of an enactment contained in primary legislation.

(4) Regulations under this Part are subject to affirmative resolution procedure if they are the first
such regulations to contain provision under paragraph 31 of Schedule 2 (appeals).

(5) Other regulations under this Part are subject to negative resolution procedure.

(6) The relevant Northern Ireland department may only make regulations under this Part dealing
with a reserved matter within the meaning of the Northern Ireland Act 1998 (c. 47) with the consent
of the Secretary of State.
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Commencement

Pt 3 s. 48(1)-(6): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 48(1)-(6): United Kingdom 

Law In Force

49   Further provisions about regulations

(1) Schedule 3 makes further provision about regulations under this Part.

(2) In that Schedule—
Part 1 relates to regulations made by a single national authority;
Part 2 relates to regulations made by two or more national authorities; and
Part 3 confers power to make provision by Order in Council.

Commencement

Pt 3 s. 49(1)-(2): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 49(1)-(2): United Kingdom 

Other supplementary provisions

Law In Force

50   Information

(1) Schedule 4 confers powers to require information for the purposes of enabling a trading scheme
to be established.

(2) Paragraphs 1 to 5 of that Schedule shall cease to have effect on 1st January 2011.

Commencement

Pt 3 s. 50(1)-(2): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 50(1)-(2): United Kingdom 
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Law In Force

51   Powers to give guidance

(1) The relevant national authority may give guidance to the administrator of a trading scheme.

(2) The power to give guidance under this section includes power to vary or revoke it.

(3) The administrator must have regard to any guidance given under this section.

Commencement

Pt 3 s. 51(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 51(1)-(3): United Kingdom 

Law In Force

52   Powers to give directions

(1) The relevant national authority may give directions to the administrator of a trading scheme.

(2) The power to give directions under this section includes power to vary or revoke the directions.

(3) The administrator must comply with any directions given under this section.

Commencement

Pt 3 s. 52(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 52(1)-(3): United Kingdom 

Law In Force

53   Grants to administrators and participants

(1) A national authority may make, or arrange for the making of, grants to—
(a)  the administrator of a trading scheme, or
(b)  the participants in a trading scheme.

(2) A grant under this section may be made subject to such conditions as may be determined by,
or in accordance with arrangements made by, the national authority that makes the grant.

Commencement

Pt 3 s. 53(1)-(2): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 53(1)-(2): United Kingdom 
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Law In Force

54   Power to make consequential provision
A national authority may by regulations—

(a)  make such provision amending, repealing or revoking any enactment as the authority
considers appropriate in consequence of provision made by that authority by regulations
under section 44 (trading schemes);
(b)  make such transitional provision and savings as the authority considers appropriate in
connection with the coming into effect of such provision.

Commencement

Pt 3 s. 54(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 54(a)-(b): United Kingdom 

Interpretation

Law In Force

55   Interpretation of Part 3
In this Part—

“administrator”, in relation to a trading scheme, means a person appointed as the
administrator of the scheme by regulations under paragraph 21 of Schedule 2;
“participant”, in relation to a trading scheme, means a person to whom the scheme applies
by virtue of regulations under paragraph 4 or 15 of Schedule 2;
“trading period”, in relation to a trading scheme, means a period by reference to which the
scheme is to operate by virtue of regulations under paragraph 2 or 13 of Schedule 2.

Commencement

Pt 3 s. 55 definition of "administrator"- definition of "trading period": January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 3 s. 55 definition of "administrator"- definition of "trading period": United Kingdom 

PART 4

IMPACT OF AND ADAPTATION TO CLIMATE CHANGE
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National reports and programmes

Law In Force

56   Report on impact of climate change

(1) It is the duty of the Secretary of State to lay reports before Parliament containing an assessment
of the risks for the United Kingdom of the current and predicted impact of climate change.

(2) The first report under this section must be laid before Parliament no later than three years after
this section comes into force.

(3) Subsequent reports must be laid before Parliament no later than five years after the previous
report was so laid.

(4) The Secretary of State may extend the period for laying any such report, but must publish a
statement setting out the reasons for the delay and specifying when the report will be laid before
Parliament.

(5) Before laying a report under this section before Parliament, the Secretary of State must take
into account the advice of the Committee on Climate Change under section 57.

(6) The Secretary of State must send a copy of each report under this section to the other national
authorities.

Commencement

Pt 4 s. 56(1)-(6): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 56(1)-(6): United Kingdom 

Law In Force

57   Advice of Committee on Climate Change on impact report

(1) It is the duty of the Committee on Climate Change to advise the Secretary of State on the
preparation of each of the Secretary of State's reports under section 56.

(2) The Committee must give its advice under this section in relation to a report not later than six
months before the last date for laying the report before Parliament (see subsections (2) to (4) of
section 56).

(3) The Committee must, at the time it gives its advice under this section to the Secretary of State,
send a copy to the other national authorities.

(4) As soon as is reasonably practicable after giving its advice under this section the Committee
must publish that advice in such manner as it considers appropriate.
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Commencement

Pt 4 s. 57(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 57(1)-(4): United Kingdom 

Law In Force

58   Programme for adaptation to climate change

(1) It is the duty of the Secretary of State to lay programmes before Parliament setting out —
(a)  the objectives of Her Majesty's Government in the United Kingdom in relation to
adaptation to climate change,
(b)  the Government's proposals and policies for meeting those objectives, and
(c)  the time-scales for introducing those proposals and policies,

addressing the risks identified in the most recent report under section 56.

(2) The objectives, proposals and policies must be such as to contribute to sustainable development.

(3) Each programme under this section must be laid before Parliament as soon as is reasonably
practicable after the laying of the report under section 56 to which it relates.

(4) The Secretary of State must send a copy of each programme under this section to the other
national authorities.

Commencement

Pt 4 s. 58(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 58(1)-(4): United Kingdom 

Law In Force

59   Reporting on progress in connection with adaptation

(1) Each report of the Committee on Climate Change under section 36 to which this section applies
must contain an assessment of the progress made towards implementing the objectives, proposals
and policies set out in the programmes laid before Parliament under section 58 (adaptation to climate
change).

(2) This section applies to the report in the second year after that in which the Secretary of State
lays the first programme under section 58 before Parliament.

(3) After that, this section applies to the report under section 36 in every second year after that in
which the Committee last made a report to which this section applies, subject to any order under
subsection (4).
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(4) The Secretary of State may by order provide that this section shall apply to the report under
section 36 in the year specified in the order and in every subsequent year.

(5) An order under subsection (4) is subject to negative resolution procedure.

Commencement

Pt 4 s. 59(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 59(1)-(5): United Kingdom 

Law In Force

60   Programme for adaptation to climate change: Northern Ireland

(1) It is the duty of the relevant Northern Ireland department to lay programmes before the Northern
Ireland Assembly setting out—

(a)  the objectives of the department in relation to adaptation to climate change,
(b)  the department's proposals and policies for meeting those objectives, and
(c)  the time-scales for introducing those proposals and policies,

addressing the risks identified in the most recent report under section 56.

(2) The objectives, proposals and policies must be such as to contribute to sustainable development.

(3) The second and each subsequent programme under this section must contain an assessment of
the progress made towards implementing the objectives, proposals and policies set out in earlier
programmes.

(4) Each programme under this section must be laid before the Northern Ireland Assembly as soon
as is reasonably practicable after the laying before Parliament of the report under section 56 to
which it relates.

(5) The relevant Northern Ireland department must send a copy of each programme under this
section to the other national authorities.

Commencement

Pt 4 s. 60(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 60(1)-(5): United Kingdom 

Reporting authorities: non-devolved functions
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Law In Force

61   Guidance by Secretary of State to reporting authorities

(1) The Secretary of State may issue guidance to reporting authorities about—
(a)  assessing the current and predicted impact of climate change in relation to the authorities'
functions,
(b)  preparing proposals and policies for adapting to climate change in the exercise of their
functions, and
(c)  co-operating with other reporting authorities for that purpose.

(2) This section does not apply to devolved functions.

Commencement

Pt 4 s. 61(1)-(2): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 61(1)-(2): United Kingdom 

Law In Force

62   Directions by Secretary of State to prepare reports

(1) The Secretary of State may direct a reporting authority to prepare a report containing any of
the following—

(a)  an assessment of the current and predicted impact of climate change in relation to the
authority's functions;
(b)  a statement of the authority's proposals and policies for adapting to climate change in
the exercise of its functions and the time-scales for introducing those proposals and policies;
(c)  an assessment of the progress made by the authority towards implementing the proposals
and policies set out in its previous reports.

(2) The Secretary of State may direct two or more reporting authorities to prepare a joint report.

(3) The Secretary of State may give directions about—
(a)  the time within which a report must be prepared, and
(b)  its content,

and may, in particular, require it to cover a particular geographical area.

(4) This section does not apply to devolved functions.

Commencement

Pt 4 s. 62(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 62(1)-(4): United Kingdom 
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Law In Force

63   Compliance with Secretary of State's directions

(1) A reporting authority must comply with any directions under section 62.

(2) Where two or more reporting authorities are directed to prepare a joint report, they must take
reasonable steps to co-operate with each other for that purpose.

(3) In preparing a report, a reporting authority must have regard to the following, so far as relevant—
(a)  the most recent report under section 56 (report on impact of climate change);
(b)  the most recent programme under section 58 (programme for adaptation to climate
change);
(c)  any guidance issued by the Secretary of State under section 61.

(4) If the authority—
(a)  has functions that are exercisable in or as regards Wales, or
(b)  has devolved Welsh functions,

it must also have regard, so far as relevant, to any guidance issued by the Welsh Ministers under
section 66 and the most recent report under section 80 (report on climate change: Wales).

(5) The authority must send a copy of the report to the Secretary of State.

(6) The Secretary of State must publish the report in such manner as the Secretary of State considers
appropriate.

(7) This does not require the Secretary of State to publish—
(a)  information the Secretary of State could refuse to disclose in response to a request
under—

(i)  the Freedom of Information Act 2000 (c. 36), or
(ii)  the Environmental Information Regulations 2004 (S.I. 2004/3391) or any
regulations replacing those regulations;

(b)  information whose disclosure is prohibited by any enactment.

(8) The authority must have regard to the report in exercising its functions other than its devolved
functions.

Commencement

Pt 4 s. 63(1)-(8): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 63(1)-(8): United Kingdom 

Law In Force

64   Consent of, or consultation with, devolved authorities

(1) The Secretary of State must obtain the consent of a devolved authority before issuing guidance
under section 61 or giving a direction under section 62 relating to functions in relation to which—

(a)  functions are exercisable jointly by that devolved authority and a Minister of the Crown,
or
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(b)  functions are exercisable by a Minister of the Crown only with the agreement of that
devolved authority.

(2) The Secretary of State must consult a devolved authority before issuing guidance under section
61 or giving a direction under section 62 relating to functions in relation to which—

(a)  functions are exercisable by that devolved authority other than jointly with a Minister
of the Crown, or
(b)  functions are exercisable by a Minister of the Crown only after consultation with that
devolved authority.

Commencement

Pt 4 s. 64(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 64(1)-(2)(b): United Kingdom 

Law In Force

65   Report on exercise of power to give directions

(1) It is the duty of the Secretary of State to lay reports before Parliament setting out how the
Secretary of State intends to exercise the power under section 62 to give directions to reporting
authorities.

(2) The reports must, in particular, identify—
(a)  the circumstances in which directions are likely to be given, and
(b)  the authorities or kinds of authority to whom the Secretary of State considers directions
should be given as a matter of priority.

(3) Nothing in a report under this section affects the exercise of the Secretary of State's power under
section 62.

(4) Before laying a report under this section before Parliament the Secretary of State must consult
such persons likely to be affected by the report as the Secretary of State considers appropriate.

(5) The first report under this section must be laid before Parliament no later than 12 months after
this Act is passed.

(6) Subsequent reports must be laid before Parliament no later than the time when the next
programme under section 58 is so laid.

(7) The Secretary of State must send a copy of each report under this section to the other national
authorities.

Commencement

Pt 4 s. 65(1)-(7): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 65(1)-(7): United Kingdom 
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Reporting authorities: devolved Welsh functions

Law In Force

66   Guidance by Welsh Ministers to reporting authorities
The Welsh Ministers may issue guidance to reporting authorities about—

(a)  assessing the current and predicted impact of climate change in relation to the authorities'
devolved Welsh functions,
(b)  preparing proposals and policies for adapting to climate change in the exercise of those
functions, and
(c)  co-operating with other reporting authorities for that purpose.

Commencement

Pt 4 s. 66(a)-(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 66(a)-(c): United Kingdom 

Law In Force

67   Directions by Welsh Ministers to prepare reports

(1) The Welsh Ministers may direct a reporting authority to prepare a report containing any of the
following—

(a)  an assessment of the current and predicted impact of climate change in relation to the
authority's devolved Welsh functions;
(b)  a statement of the authority's proposals and policies for adapting to climate change in
the exercise of those functions and the time-scales for introducing those proposals and
policies;
(c)  an assessment of the progress made by the authority towards implementing the proposals
and policies set out in its previous reports.

(2) The Welsh Ministers may direct two or more reporting authorities to prepare a joint report.

(3) The Welsh Ministers may give directions about—
(a)  the time within which a report must be prepared, and
(b)  its content,

and may, in particular, require it to cover a particular geographical area.
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Commencement

Pt 4 s. 67(1)-(3)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 67(1)-(3)(b): United Kingdom 

Law In Force

68   Compliance with Welsh Ministers' directions

(1) A reporting authority must comply with any directions under section 67.

(2) Where two or more reporting authorities are directed to prepare a joint report, they must take
reasonable steps to co-operate with each other for that purpose.

(3) In preparing a report, a reporting authority must have regard to the following, so far as relevant—
(a)  the most recent report under section 56 (report on impact of climate change);
(b)  the most recent programme under section 58 (programme for adaptation to climate
change);
(c)  any guidance issued by the Secretary of State under section 61;
(d)  any guidance issued by the Welsh Ministers under section 66;
(e)  the most recent report under section 80 (report on climate change: Wales).

(4) The authority must send a copy of the report to the Welsh Ministers.

(5) The Welsh Ministers must publish the report in such manner as they consider appropriate.

(6) This does not require the Welsh Ministers to publish—
(a)  information they could refuse to disclose in response to a request under—

(i)  the Freedom of Information Act 2000 (c. 36), or
(ii)  the Environmental Information Regulations 2004 (S.I. 2004/3391) or any
regulations replacing those regulations;

(b)  information whose disclosure is prohibited by any enactment.

(7) The authority must have regard to the report in exercising its devolved Welsh functions.

Commencement

Pt 4 s. 68(1)-(7): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 68(1)-(7): United Kingdom 
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Law In Force

69   Consent of, or consultation with, Secretary of State

(1) The Welsh Ministers must obtain the consent of the Secretary of State before issuing guidance
under section 66 or giving a direction under section 67 relating to functions in relation to which—

(a)  functions are exercisable by a Minister of the Crown jointly with the Welsh Ministers,
the First Minister or the Counsel General, or
(b)  functions are exercisable by the Welsh Ministers, the First Minister or the Counsel
General only with the agreement of a Minister of the Crown.

(2) The Welsh Ministers must consult the Secretary of State before issuing guidance under section
66 or giving a direction under section 67 relating to functions in relation to which—

(a)  functions are exercisable by a Minister of the Crown other than jointly with the Welsh
Ministers, the First Minister or the Counsel General, or
(b)  functions are exercisable by the Welsh Ministers, the First Minister or the Counsel
General only after consultation with a Minister of the Crown.

Commencement

Pt 4 s. 69(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 69(1)-(2)(b): United Kingdom 

Interpretation

Law In Force

70   Interpretation

(1) In sections 61 to 69 and this section “reporting authority” means—
(a)  a person or body with functions of a public nature,
(b)  a person who is or is deemed to be a statutory undertaker for the purposes of any
provision of—

(i)  Part 11 of the Town and Country Planning Act 1990 (c. 8) (see section 262 of
that Act), or
(ii)  Part 10 of the Town and Country Planning (Scotland) Act 1997 (c. 8) (see
section 214 of that Act), or

(c)   a person who is a statutory undertaker within the meaning of [ the Planning Act
(Northern Ireland) 2011 (see section 250 of that Act) ] 1  .

(2) None of the following are reporting authorities for the purposes of those sections and this
section—

(a)  a Minister of the Crown;
(b)  either House of Parliament;
(c)  a devolved authority;
(d)  a devolved legislature.
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(3) In those sections and this section “devolved authority” means—
(a)  the Welsh Ministers, the First Minister or the Counsel General,
(b)  the Scottish Ministers, the First Minister, the Lord Advocate or the Solicitor General
for Scotland, or
(c)  a Minister within the meaning of the Northern Ireland Act 1998 (c. 47) or a Northern
Ireland department.

(4) References in those sections to a reporting authority's “devolved functions” are to functions—
(a)  conferred or imposed by or under a Measure or Act of the National Assembly for Wales,
(b)   exercisable in or as regards Wales and [ capable of being conferred by provision falling
within ] 2  the legislative competence of the National Assembly for Wales,
(c)  exercisable in or as regards Scotland and relating to matters within the legislative
competence of the Scottish Parliament,
(d)  exercisable in or as regards Northern Ireland and relating to transferred matters within
the meaning of the Northern Ireland Act 1998, or
(e)  in relation to which functions are exercisable by a devolved authority,

and in relation to which no functions are exercisable by a Minister of the Crown.

(5) For this purpose functions are not to be regarded as exercisable by a Minister of the Crown in
relation to a reporting authority's functions merely because—

(a)  the Minister of the Crown may exercise functions—
(i)  under section 2(2) of the European Communities Act 1972 (c. 68),
(ii)  by virtue of section 57(1) or under section 58 of the Scotland Act 1998 (c. 46)
(Community and international obligations),
(iii)  under section 27 or 28 of the Northern Ireland Act 1998 (international etc
obligations),
(iv)  by virtue of paragraph 5 of Schedule 3 to the Government of Wales Act 2006
(c. 32) or under section 82 of that Act (Community and international obligations),
or
(v)  under section 152 of that Act (intervention in case of functions relating to water
etc),

in relation to the reporting authority's functions,
(b)  the Minister of the Crown's agreement is required to the exercise of a function by a
devolved authority in relation to the reporting authority's functions, or
(c)  the Minister of the Crown must be consulted by a devolved authority about the exercise
of a function in relation to the reporting authority's functions.

(6) References in those sections to a reporting authority's “devolved Welsh functions” are to
functions—

(a)  conferred or imposed by or under a Measure or Act of the National Assembly for Wales,
(b)   exercisable in or as regards Wales and [ capable of being conferred by provision falling
within ] 2  the legislative competence of the National Assembly for Wales, or
(c)  in relation to which functions are exercisable by the Welsh Ministers, the First Minister
or the Counsel General.

(7) For this purpose functions are not to be regarded as exercisable by the Welsh Ministers, the
First Minister or the Counsel General in relation to a reporting authority's functions merely because—
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(a)  the agreement of the Welsh Ministers, the First Minister or the Counsel General is
required to the exercise of a function by a Minister of the Crown in relation to the reporting
authority's functions, or
(b)  the Welsh Ministers, the First Minister or the Counsel General must be consulted by a
Minister of the Crown about the exercise of a function in relation to the reporting authority's
functions.

(8) In those sections and this section—
(a)  “Counsel General”  and “Wales” have the same meanings as in the Government of
Wales Act 2006 (c. 32);
(b)  “Minister of the Crown” includes a government department.

Notes
1 Words substituted by Planning Act (Northern Ireland) 2011 c. 25 Sch.6 para.102 (February 13, 2015 for the

purposes of enabling orders, rules and regulations to be made subject to transitional provisions specified in SR
2015/49 art.4 and Sch.2; April 1, 2015 subject to transitional provisions specified in SR 2015/49 art.4 and Sch.2
otherwise)

2 Words substituted by Wales Act 2017 c. 4 Sch.6(3) para.73 (April 1, 2018: substitution has effect as SI 2017/1179
reg.3(r) subject to transitional provisions specified in 2017 c.4 s.70 and Sch.7 paras 1 and 6)

Commencement

Pt 4 s. 70(1)-(8)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 4 s. 70(1)-(8)(b): United Kingdom 

PART 5

OTHER PROVISIONS

Waste reduction schemes

Repealed

71 […]1

Notes
1 Repealed by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Repealed

72 […]1
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Notes
1 Repealed by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Repealed

73 […]1

Notes
1 Repealed by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Repealed

74 […]1

Notes
1 Repealed by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Repealed

75 […]1

Notes
1 Repealed by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Collection of household waste

Law In Force

76   Collection of household waste
In section 46 of the Environmental Protection Act 1990 (c. 43) (receptacles for household waste),
after subsection (10) insert—

“(11) A waste collection authority is not obliged to collect household waste that is placed
for collection in contravention of a requirement under this section.”.

Commencement

Pt 5 s. 76: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 76: England, Wales 
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Charges for single use carrier bags

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England | Northern Ireland | Wales

Law In Force With Amendments Pending

England

77   Charges for single use carrier bags

(1) Schedule 6 makes provision about charges for single use carrier bags.

(2) In that Schedule—
Part 1 confers power on the relevant national authority to make regulations about charges
for single use carrier bags;
Part 2 makes provision about civil sanctions;
Part 3 makes provision about the procedures applying to regulations under the Schedule.

(3) In that Schedule “the relevant national authority” means—
(a)  the Secretary of State in relation to England;
(b)  the Welsh Ministers in relation to Wales;
(c)  the Department of the Environment in Northern Ireland in relation to Northern Ireland.

(4) Regulations under that Schedule are subject to affirmative resolution procedure if—
(a)  they are the first regulations to be made by the relevant national authority in question
under the Schedule,
(b)  they contain provision imposing or providing for the imposition of new civil sanctions,
(c)  they increase the amount or maximum amount of a monetary penalty or change the
basis on which such an amount or maximum is to be determined, or
(d)  they amend or repeal a provision of an enactment contained in primary legislation.

(5) Otherwise regulations under that Schedule are subject to negative resolution procedure.

Northern Ireland

[ 77   Charges for [ carrier bags ] 2

(1) Schedule 6 makes provision about charges for [ carrier bags ] 2  .

(2) In that Schedule—
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Part 1 confers power on the relevant national authority to make regulations about charges
for [ carrier bags ] 2  ;
Part 2 makes provision about civil sanctions;
Part 3 makes provision about the procedures applying to regulations under the Schedule.

(3) In that Schedule “the relevant national authority” means—
(a)  the Secretary of State in relation to England;
(b)  the Welsh Ministers in relation to Wales;
(c)  the Department of the Environment in Northern Ireland in relation to Northern Ireland.

(4) Regulations under that Schedule are subject to affirmative resolution procedure if—
(a)  they are the first regulations to be made by the relevant national authority in question
under the Schedule,
(aa)  they are to be made by the Department of the Environment in Northern Ireland under
paragraph 4A of the Schedule,
[ (ab)  they are to be made by the Department of the Environment in Northern Ireland and
increase the minimum amount specified under paragraph 4 of the Schedule; ] 3

(b)  they contain provision imposing or providing for the imposition of new civil sanctions,
(c)  they increase the amount or maximum amount of a monetary penalty or change the
basis on which such an amount or maximum is to be determined, or
(d)  they amend or repeal a provision of an enactment contained in primary legislation.

(5) Otherwise regulations under that Schedule are subject to negative resolution procedure.

[ (6) Section 17(5) of the Interpretation Act (Northern Ireland) 1954 applies to a power to make
regulations under Schedule 6. ] 4

] 1

Notes
1 Added by Single Use Carrier Bags Act (Northern Ireland) 2011 c. 26 s.1(2) (May 4, 2011)
2 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)
3 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.2(2) (April 28, 2014)
4 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.2(3) (April 28, 2014)

Wales

[ 77   Charges for single use carrier bags

(1) Schedule 6 makes provision about charges for single use carrier bags.

(2) In that Schedule—
Part 1 confers power on the relevant national authority to make regulations about charges
for single use carrier bags;
Part 2 makes provision about civil sanctions;
Part 3 makes provision about the procedures applying to regulations under the Schedule.

(3) In that Schedule “the relevant national authority” means—
(a)  the Secretary of State in relation to England;
(b)  the Welsh Ministers in relation to Wales;
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(c)  the Department of the Environment in Northern Ireland in relation to Northern Ireland.

(4) Regulations under that Schedule are subject to affirmative resolution procedure if—
(a)  they are the first regulations to be made by the relevant national authority in question
under the Schedule,
(aa)  they are the first regulations to be made by the Welsh Ministers under paragraph 4A
of the Schedule,
(b)  they contain provision imposing or providing for the imposition of new civil sanctions,
(c)  they increase the amount or maximum amount of a monetary penalty or change the
basis on which such an amount or maximum is to be determined, or
(d)  they amend or repeal a provision of an enactment contained in primary legislation.

(5) Otherwise regulations under that Schedule are subject to negative resolution procedure.
] 1

Notes
1 Added by Waste (Wales) Measure 2010 c. 08 s.2 (February 15, 2011)

Amendments Pending

Pt 5 s. 77(3)(b):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(2)(a) (date to be appointed)

Pt 5 s. 77(4)(aa):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(2)(b) (date to be appointed)

Commencement

Pt 5 s. 77(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 77(1)-(5): England, Wales, Northern Ireland 

Renewable transport fuel obligations

Law In Force

78   Renewable transport fuel obligations
Schedule 7 contains amendments to the provisions of the Energy Act 2004 (c. 20) relating to
renewable transport fuel obligations.

Commencement

Pt 5 s. 78: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 78: United Kingdom 

Climate Change Act 2008  Page 52

79  



Carbon emissions reduction targets

Law In Force

79   Carbon emissions reduction targets
Schedule 8 contains amendments to the provisions of the Gas Act 1986 (c. 44), the Electricity Act
1989 (c. 29) and the Utilities Act 2000 (c. 27) relating to carbon emissions reduction targets.

Commencement

Pt 5 s. 79: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 79: England, Wales, Scotland 

Miscellaneous

Law In Force

80   Report on climate change: Wales

(1) It is the duty of the Welsh Ministers to lay before the National Assembly for Wales from time
to time a report on—

(a)  the objectives of the Welsh Ministers in relation to greenhouse gas emissions and the
impact of climate change in Wales,
(b)  the action that has been taken by the Welsh Ministers and others to deal with such
emissions and that impact, and
(c)  the future priorities for the Welsh Ministers and others for dealing with such emissions
and that impact.

(2) The report must, in particular, set out how the Welsh Ministers intend to exercise the power to
give directions under section 67 (directions to reporting authorities to prepare adaptation reports).

(3) Nothing in a report under this section affects the exercise of the Welsh Ministers' power under
that section.

(4) The second and each subsequent report under this section must contain an assessment of the
progress made towards implementing the objectives mentioned in the earlier reports.

(5) In this section “Wales” has the same meaning as in the Government of Wales Act 2006 (c. 32).

Commencement

Pt 5 s. 80(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 80(1)-(5): United Kingdom 
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Not Yet In Force With Amendments Pending

81   Climate change measures reports in Wales

(1) The Climate Change and Sustainable Energy Act 2006 (c. 19) is amended as follows.

(2) After section 3 insert—

“3A   Local authorities in Wales to have regard to climate change measures reports

(1) The Welsh Ministers must from time to time publish a climate change measures report.

(2) A local authority in Wales must, in exercising its functions, have regard to any current
climate change measures report.

(3) A “climate change measures report” means a report containing information about the
local authority measures the Welsh Ministers consider would or might have any of the
following effects—

(a)  improving efficiency in the use of any description or source of energy;
(b)  increasing the amount of energy generated, or heat produced, by microgeneration;
(c)  increasing the amount of energy generated, or heat produced, by plant that relies
wholly or mainly on a source of energy or a technology listed in section 26(2);
(d)  reducing emissions of greenhouse gases;
(e)  reducing the number of households in which one or more persons are living in
fuel poverty;
(f)  addressing the impact of climate change.

(4) Before publishing a climate change measures report, the Welsh Ministers must consult
such representatives of local government, and such other persons, as the Welsh Ministers
consider appropriate.

(5) The Secretary of State's consent is required to the publication in a climate change
measures report of information about a local authority measure to which subsection (6)
applies.

(6) This subsection applies to a local authority measure if the Secretary of State has a
function in relation to the measure of—

(a)  making subordinate legislation,
(b)  issuing guidance or directions, or
(c)  making determinations or hearing appeals,

and that function is exercisable in relation to Wales.

(7) In this section—
“local authority” means any of the following—

(a)  a county council;
(b)  a county borough council;
(c)  a community council;

“local authority measure” means anything a local authority in Wales may do in the
exercise of its functions (including deciding not to exercise a power).”.
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(3) In section 3 of that Act (local authorities to have regard to information on energy in exercising
functions)—

(a)  for the heading substitute “Local authorities in England to have regard to energy measures
reports”,
(b)  in subsection (2), after “local authority” insert “in England”,
(c)  in subsection (4), in the definition of “local authority measure”, for “a local authority”
substitute “a local authority in England”,
(d)  in subsection (5) omit “the National Assembly for Wales and”, and
(e)  in subsection (6) omit paragraphs (b) and (h).

Amendments Pending

Pt 5 s. 81(3):  repealed by Deregulation Act 2015 c. 20 s. 57(4)(b) (Not yet in force: repeal came into force on May
26, 2015 but cannot take effect until the commencement of 2008 c.27 s.81)

Commencement

Pt 5 s. 81(1)-(3)(e): Date to be appointed (not yet in force) (2008 c. 27 Pt 6 s. 100(3))

Extent

Pt 5 s. 81(1)-(3)(e): England, Wales 

Law In Force

82   Repeal of previous reporting obligation
Section 2 of the Climate Change and Sustainable Energy Act 2006 (c. 19) (annual report on
greenhouse gas emissions) is repealed.

Commencement

Pt 5 s. 82: January 1, 2009 (2008 c. 27 Pt 6 s. 100(4))

Extent

Pt 5 s. 82: United Kingdom 

Law In Force

83   Guidance on reporting

(1) The Secretary of State must publish guidance on the measurement or calculation of greenhouse
gas emissions to assist the reporting by persons on such emissions from activities for which they
are responsible.

(2) The guidance must be published not later than 1st October 2009.

(3) The Secretary of State may from time to time publish revisions to guidance under this section
or revised guidance.
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(4) Before publishing guidance under this section or revisions to it, the Secretary of State must
consult the other national authorities.

(5) Guidance under this section and revisions to it may be published in such manner as the Secretary
of State thinks fit.

Commencement

Pt 5 s. 83(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 83(1)-(5): United Kingdom 

Law In Force

84   Report on contribution of reporting to climate change objectives

(1) The Secretary of State must—
(a)  review the contribution that reporting on greenhouse gas emissions may make to the
achievement of the objectives of Her Majesty's Government in the United Kingdom in
relation to climate change, and
(b)  lay a report before Parliament setting out the conclusions of that review.

(2) The report must be laid before Parliament not later than 1st December 2010.

(3) In complying with this section the Secretary of State must consult the other national authorities.

Commencement

Pt 5 s. 84(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 84(1)-(3): United Kingdom 

Law In Force

85   Regulations about reporting by companies

(1) The Secretary of State must, not later than 6th April 2012—
(a)  make regulations under section 416(4) of the Companies Act 2006 (c. 46) requiring the
directors' report of a company to contain such information as may be specified in the
regulations about emissions of greenhouse gases from activities for which the company is
responsible, or
(b)  lay before Parliament a report explaining why no such regulations have been made.

(2) Subsection (1)(a) is complied with if regulations are made containing provision in relation to
companies, and emissions, of a description specified in the regulations.
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Commencement

Pt 5 s. 85(1)-(2): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 85(1)-(2): United Kingdom 

Law In Force With Amendments Pending

86   Report on the civil estate

(1)  It is the duty of the [ Minister for the Cabinet Office ] 1  to lay before Parliament in respect of
each year, beginning with the year 2008, a report containing an assessment of the progress made
in the year towards improving the efficiency and contribution to sustainability of buildings that are
part of the civil estate.

(2) The report must, in particular, include an assessment of the progress made in the year to which
it relates towards—

(a)  reducing the size of the civil estate, and
(b)  ensuring that buildings that become part of the civil estate fall within the top quartile
of energy performance.

(3) If a building that does not fall within the top quartile of energy performance becomes part of
the civil estate in the year to which the report relates, the report must state the reasons why the
building has nevertheless become part of the civil estate.

(4) A report under this section must be laid before Parliament not later than 1st June in the year
following the year to which it relates.

(5) In this section “building” means a building that uses energy for heating or cooling the whole
or any part of its interior.

(6) For the purposes of this section, a building is part of the civil estate if it is—
(a)  used for the purposes of central government administration, and
(b)  of a description of buildings for which, at the passing of this Act, the Treasury has
responsibilities in relation to efficiency and sustainability.

(7) The [ Minister for the Cabinet Office ] 1  may by order provide for buildings of a specified
description to be treated as being, or as not being, part of the civil estate for the purposes of this
section.

(8) Any such order is subject to affirmative resolution procedure.

Notes
1 Word substituted by Transfer of Functions (Report on the Civil Estate) Order 2011/740 art.3 (April 13, 2011)

Amendments Pending

Pt 5 s. 86(8): words substituted by Housing and Planning Act 2016 c. 22, Pt 8 s. 211(6) (date to be appointed)

Pt 5 s. 86(7A)-(7B): added by Housing and Planning Act 2016 c. 22, Pt 8 s. 211(5) (date to be appointed)

Pt 5 s. 86(3): words inserted by Housing and Planning Act 2016 c. 22, Pt 8 s. 211(4)(b) (date to be appointed)
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Pt 5 s. 86(3): words inserted by Housing and Planning Act 2016 c. 22, Pt 8 s. 211(4)(a) (date to be appointed)

Pt 5 s. 86(2)(b): words inserted by Housing and Planning Act 2016 c. 22, Pt 8 s. 211(3)(b) (date to be appointed)

Pt 5 s. 86(2)(a): words inserted by Housing and Planning Act 2016 c. 22, Pt 8 s. 211(3)(a) (date to be appointed)

Pt 5 s. 86(1): existing text renumbered as s.86(1)(a) and word and s.86(1)(b) inserted by Housing and Planning Act
2016 c. 22, Pt 8 s. 211(2) (date to be appointed)

Pt 5 s. 86: words inserted by Housing and Planning Act 2016 c. 22, Pt 8 s. 211(7) (date to be appointed)

Commencement

Pt 5 s. 86(1)-(8): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 86(1)-(8): United Kingdom 

Law In Force

87   Power of Ministers and departments to offset greenhouse gas emissions

(1) An authority to which this section applies may acquire and dispose of units or interests in units
representing—

(a)  a reduction in an amount of greenhouse gas emissions,
(b)  the removal of an amount of greenhouse gas from the atmosphere, or
(c)  an amount of greenhouse gas emissions allowed under a scheme or arrangement imposing
a limit on such emissions.

(2) This section applies to—
(a)  any Minister of the Crown or government department;
(b)  the Scottish Ministers;
(c)  the Welsh Ministers;
(d)  any Northern Ireland department.

(3) If the Treasury acquire such units or interests in units, until they are disposed of they shall be
treated as held by the persons for the time being constituting the Treasury.

Commencement

Pt 5 s. 87(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 87(1)-(3): United Kingdom 

Law In Force

88   Fines for offences relating to pollution

(1) In section 105(2) of the Clean Neighbourhoods and Environment Act 2005 (c. 16) (which
postpones the increase by subsection (1)(b) in maximum fines under regulations under the Pollution
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Prevention and Control Act 1999 (c. 24) pending the commencement of section 154(1) of the
Criminal Justice Act 2003 (c. 44)), for “Subsection (1)” substitute “Subsection (1)(a)”.

(2) […]1

Notes
1 Repealed by Environmental Permitting (England and Wales) Regulations 2010/675 Sch.28 para.1 (April 6, 2010

immediately after the coming into force of SI 2009/3381)

Commencement

Pt 5 s. 88(1)-(2): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Pt 5 s. 88(1)-(2): England, Wales 

PART 6

GENERAL SUPPLEMENTARY PROVISIONS

Territorial scope of provisions relating to greenhouse gas emissions

Law In Force

89   Territorial scope of provisions relating to greenhouse gas emissions

(1) The provisions of this Act relating to emissions of greenhouse gases apply to emissions from
sources or other matters occurring in, above or below—

(a)  UK coastal waters, or
(b)  the UK sector of the continental shelf,

as they apply to emissions from sources or matters occurring in the United Kingdom.

(2) In subsection (1)—
“UK coastal waters” means areas landward of the seaward limit of the territorial sea adjacent
to the United Kingdom;
“the UK sector of the continental shelf” means the areas designated under section 1(7) of
the Continental Shelf Act 1964 (c. 29).

(3) This section is subject to section 30 (emissions from international aviation or international
shipping not to count as emissions from UK sources for the purposes of Part 1, except as provided
by regulations).
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Commencement

Pt 6 s. 89(1)-(3): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 89(1)-(3): United Kingdom 

Orders and regulations

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England, Scotland and Wales | Northern Ireland

Law In Force

England, Scotland and Wales

90   Orders and regulations

(1) Orders and regulations under this Act must be made by statutory instrument, subject as follows.

(2) The power of a Northern Ireland department to make regulations under Part 3 (trading schemes)
or Schedule 6 (charges for single use carrier bags)—

(a)  is exercisable by statutory instrument if the instrument also contains regulations under
that Part or Schedule made or to be made by another national authority, and
(b)  otherwise, is exercisable by statutory rule for the purposes of the Statutory Rules
(Northern Ireland) Order 1979 (S.I. 1979/1573 (N.I. 12)).

(3) An order or regulations under this Act may—
(a)  make different provision for different cases or circumstances,
(b)  include supplementary, incidental and consequential provision, and
(c)  make transitional provision and savings.

(4) Any provision that may be made by order under this Act may be made by regulations.

(5) Any provision that may be made by regulations under this Act may be made by order.

Northern Ireland

[ 90   Orders and regulations

(1) Orders and regulations under this Act must be made by statutory instrument, subject as follows.
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(2) The power of a Northern Ireland department to make regulations under Part 3 (trading schemes)
or Schedule 6 (charges for carrier bags)—

(a)  is exercisable by statutory instrument if the instrument also contains regulations under
that Part or Schedule made or to be made by another national authority, and
(b)  otherwise, is exercisable by statutory rule for the purposes of the Statutory Rules
(Northern Ireland) Order 1979 (S.I. 1979/1573 (N.I. 12)).

(3) An order or regulations under this Act may—
(a)  make different provision for different cases or circumstances,
(b)  include supplementary, incidental and consequential provision, and
(c)  make transitional provision and savings.

(4) Any provision that may be made by order under this Act may be made by regulations.

(5) Any provision that may be made by regulations under this Act may be made by order.
] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)

Commencement

Pt 6 s. 90(1)-(5): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 90(1)-(5): United Kingdom 

Law In Force

91   Affirmative and negative resolution procedure

(1) Where orders or regulations under this Act are subject to “affirmative resolution procedure”
the order or regulations must not be made unless a draft of the statutory instrument containing them
has been laid before and approved by a resolution of each House of Parliament.

(2) Where orders or regulations under this Act are subject to “negative resolution procedure” the
statutory instrument containing the order or regulations is subject to annulment in pursuance of a
resolution of either House of Parliament.

(3) Any provision that may be made by an order or regulations under this Act subject to negative
resolution procedure may be made by an order or regulations subject to affirmative resolution
procedure.

(4) This section does not apply to—
(a)  regulations under Part 3 (trading schemes) (but see Schedule 3), or
(b)  regulations under Schedule 6 (but see Part 3 of that Schedule).
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Commencement

Pt 6 s. 91(1)-(4)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 91(1)-(4)(b): United Kingdom 

Interpretation

Law In Force

92   Meaning of “greenhouse gas”

(1) In this Act “greenhouse gas” means any of the following—
(a)  carbon dioxide (CO2),
(b)  methane (CH4),
(c)  nitrous oxide (N2O),
(d)  hydrofluorocarbons (HFCs),
(e)  perfluorocarbons (PFCs),
(f)  sulphur hexafluoride (SF6).

(2) The Secretary of State may by order amend the definition of “greenhouse gas” in subsection
(1) to add to the gases listed in that definition.

(3) That power may only be exercised if it appears to the Secretary of State that an agreement or
arrangement at European or international level recognises that the gas to be added contributes to
climate change.

(4) An order under this section is subject to negative resolution procedure.

Commencement

Pt 6 s. 92(1)-(4): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 92(1)-(4): United Kingdom 

Law In Force

93   Measurement of emissions etc by reference to carbon dioxide equivalent

(1) For the purposes of this Act greenhouse gas emissions, reductions of such emissions and removals
of greenhouse gas from the atmosphere shall be measured or calculated in tonnes of carbon dioxide
equivalent.
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(2) A “tonne of carbon dioxide equivalent” means one metric tonne of carbon dioxide or an amount
of any other greenhouse gas with an equivalent global warming potential (calculated consistently
with international carbon reporting practice).

Commencement

Pt 6 s. 93(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 93(1)-(2): United Kingdom 

Law In Force

94   Meaning of “international carbon reporting practice”

(1) In this Act “international carbon reporting practice” means accepted practice in relation to
reporting for the purposes of the protocols to the United Nations Framework Convention on Climate
Change or such other agreements or arrangements at European or international level as the Secretary
of State may specify by order.

(2) An order under this section is subject to negative resolution procedure.

Commencement

Pt 6 s. 94(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 94(1)-(2): United Kingdom 

Law In Force

95   Meaning of “national authority”

(1) In this Act “national authority” means any of the following—
(a)  the Secretary of State;
(b)  the Scottish Ministers;
(c)  the Welsh Ministers;
(d)  the relevant Northern Ireland department.

(2) Functions conferred or imposed by this Act on “the national authorities” are to be exercised by
all of them jointly.

Commencement

Pt 6 s. 95(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 95(1)-(2): United Kingdom 
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Law In Force

96   Meaning of “relevant Northern Ireland department”

(1) In this Act “the relevant Northern Ireland department”, in relation to a matter or provision,
means the Northern Ireland department responsible for the matter or, as the case may be, for the
matters to which the provision relates.

(2) If more than one department is responsible, the reference is to all of them.

(3) Any question as to the Northern Ireland department responsible for a matter is to be determined
by the Department of Finance and Personnel in Northern Ireland.

Commencement

Pt 6 s. 96(1)-(3): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 96(1)-(3): United Kingdom 

Law In Force

97   Minor definitions
In this Act—

“devolved legislature” means—
(a)  the Scottish Parliament,
(b)  the National Assembly for Wales, or
(c)  the Northern Ireland Assembly;

“emissions”, in relation to a greenhouse gas, means emissions of that gas into the atmosphere
that are attributable to human activity;
“enactment” includes—

(a)  an enactment contained in subordinate legislation within the meaning of the
Interpretation Act 1978 (c. 30),
(b)  an enactment contained in, or in an instrument made under, an Act of the Scottish
Parliament,
(c)  an enactment contained in, or in an instrument made under, Northern Ireland
legislation, and
(d)  an enactment contained in, or in an instrument made under, a Measure or Act
of the National Assembly for Wales;

“European law”  means—
(a)   all the rights, powers, liabilities, obligations and restrictions from time to time
created or arising by or under the [ EU ] 1 Treaties, and
(b)   all the remedies and procedures from time to time provided for by or under the
[ EU ] 1 Treaties,

and “European policy” has a corresponding meaning;
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“modifications”, in relation to an enactment, includes additions or amendments to, or
omissions from, the enactment;
“primary legislation” means—

(a)  an Act of Parliament,
(b)  an Act of the Scottish Parliament,
(c)  a Measure or Act of the National Assembly for Wales, or
(d)  Northern Ireland legislation.

Notes
1 Word substituted by Treaty of Lisbon (Changes in Terminology) Order 2011/1043 Pt 2 art.6(1)(a) (April 22, 2011)

Commencement

Pt 6 s. 97 definition of "devolved legislature"- definition of "primary legislation" (d): November 26, 2008 (2008 c.
27 Pt 6 s. 100(1))

Extent

Pt 6 s. 97 definition of "devolved legislature"- definition of "primary legislation" (d): United Kingdom 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England, Scotland and Wales | Northern Ireland

Law In Force With Amendments Pending

England, Scotland and Wales

98   Index of defined expressions
In this Act the following expressions are defined or otherwise explained by the provisions indicated—

section 1(2)“the 1990 baseline” (in Parts 1 and 2)

section 55“administrator” (in Part 3)

paragraph 6(1) and (4) of Schedule 6“administrator” (in Schedule 6)

section 91(1)“affirmative resolution procedure” (except in Part 3 and Schedule 6)

section 5(2)“annual equivalent”, in relation to the carbon budget for a period (in Parts
1 and 2)

section 4(1)“budgetary periods” (in Parts 1 and 2)

section 4(1)“carbon budget” (in Parts 1 and 2)

section 26(1)“carbon unit” (in Parts 1 and 2)

paragraph 1(1) of Schedule 1“the chair” (in Schedule 1)

paragraph 4B(2) of Schedule 6]1[“children” (in Schedule 6)

paragraph 9(3) of Schedule 6“civil sanction” (in Schedule 6)

section 32“the Committee” (in Part 2)
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section 70(8)“Counsel General” (in sections 61 to 70)

paragraph 2 of Schedule 1“the deputy chair” (in Schedule 1)

section 70(3)“devolved authority” (in sections 61 to 70)

section 70(4) and (5)“devolved functions”, in relation to a reporting authority (in sections 61 to
69)

section 97“devolved legislature”

section 70(6) and (7)“devolved Welsh functions”, in relation to a reporting authority (in sections
61 to 69)

paragraph 12(3) of Schedule 6“discretionary requirement” (in Schedule 6)

paragraph 2(3) of Schedule 4“electricity distributor” (in Schedule 4)

paragraph 2(2) of Schedule 4“electricity supplier” (in Schedule 4)

section 97“emissions”

section 97“enactment”

paragraph 1(2) of Schedule 4“environmental authority” (in Schedule 4)

section 97“European law”

section 97“European policy”

paragraph 23 of Schedule 1“financial year” (in Schedule 1)

paragraph 10(3) of Schedule 6“fixed monetary penalty” (in Schedule 6)

section 92“greenhouse gas”

section 94“international carbon reporting practice”

section 70(8)“Minister of the Crown” (in sections 61 to 70)

section 97“modifications”, in relation to an enactment

section 95“national authority”

section 91(2)“negative resolution procedure” (except in Part 3 and Schedule 6)

section 27(1)“net UK carbon account” (in Parts 1 and 2)

section 29(1)“net UK emissions” for a period, in relation to a greenhouse gas (in Parts
1 and 2)

paragraph 12(4) of Schedule 6“non-monetary discretionary requirement” (in Schedule 6)

paragraph 4B(6) of Schedule 6]1[“nuisance” (in Schedule 6)

section 55“participant” (in Part 3)

paragraph 4B(3) of Schedule 6]1[“pollution” (in Schedule 6)

paragraph 3(2) of Schedule 4“potential participant” (in Schedule 4)

section 97“primary legislation”

section 47“the relevant national authority” (in Part 3)

section 77(3)“the relevant national authority” (in Schedule 6)

section 96“the relevant Northern Ireland department”

section 70(1) and (2)“reporting authority” (in sections 61 to 70)

paragraph 3 of Schedule 6“seller” (in Schedule 6)

paragraph 5 of Schedule 6“single use carrier bag” (in Schedule 6)

paragraph 3(4) of Schedule 6“specified” (in Schedule 6)

section 24(1)“targeted greenhouse gas” (in Parts 1 and 2)

section 55“trading period” (in Part 3)

section 44(2)“trading scheme”
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section 29(1)“UK emissions”, in relation to a greenhouse gas (in Part 1)

section 29(1)“UK removals”, in relation to a greenhouse gas (in Part 1)

paragraph 12(4) of Schedule 6“variable monetary penalty” (in Schedule 6)

section 70(8)“Wales” (in sections 61 to 70)

…]2[…

paragraph 4B(8) of Schedule 6]1[“young people” (in Schedule 6)

Notes
1 Amended by Waste (Wales) Measure 2010 c. 08 Sch.1 para.2 (February 15, 2011)
2 Entry repealed by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Northern Ireland

[ 98   Index of defined expressions
In this Act the following expressions are defined or otherwise explained by the provisions indicated—

section 1(2)“the 1990 baseline” (in Parts 1 and 2)

section 55“administrator” (in Part 3)

paragraph 6(1) and (4) of Schedule 6“administrator” (in Schedule 6)

section 91(1)“affirmative resolution procedure” (except in Part 3 and Schedule 6)

section 5(2)“annual equivalent”, in relation to the carbon budget for a period (in Parts
1 and 2)

section 4(1)“budgetary periods” (in Parts 1 and 2)

section 4(1)“carbon budget” (in Parts 1 and 2)

section 26(1)“carbon unit” (in Parts 1 and 2)

paragraph 1(1) of Schedule 1“the chair” (in Schedule 1)

paragraph 4B(2) of Schedule 6“children” (in Schedule 6)

paragraph 9(3) of Schedule 6“civil sanction” (in Schedule 6)

section 32“the Committee” (in Part 2)

section 70(8)“Counsel General” (in sections 61 to 70)

paragraph 2 of Schedule 1“the deputy chair” (in Schedule 1)

section 70(3)“devolved authority” (in sections 61 to 70)

section 70(4) and (5)“devolved functions”, in relation to a reporting authority (in sections 61 to
69)

section 97“devolved legislature”

section 70(6) and (7)“devolved Welsh functions”, in relation to a reporting authority (in sections
61 to 69)

paragraph 12(3) of Schedule 6“discretionary requirement” (in Schedule 6)

paragraph 2(3) of Schedule 4“electricity distributor” (in Schedule 4)

paragraph 2(2) of Schedule 4“electricity supplier” (in Schedule 4)

section 97“emissions”

section 97“enactment”
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paragraph 1(2) of Schedule 4“environmental authority” (in Schedule 4)

section 97“European law”

section 97“European policy”

paragraph 23 of Schedule 1“financial year” (in Schedule 1)

paragraph 10(3) of Schedule 6“fixed monetary penalty” (in Schedule 6)

section 92“greenhouse gas”

section 94“international carbon reporting practice”

section 70(8)“Minister of the Crown” (in sections 61 to 70)

section 97“modifications”, in relation to an enactment

section 95“national authority”

section 91(2)“negative resolution procedure” (except in Part 3 and Schedule 6)

section 27(1)“net UK carbon account” (in Parts 1 and 2)

section 29(1)“net UK emissions” for a period, in relation to a greenhouse gas (in Parts
1 and 2)

paragraph 12(4) of Schedule 6“non-monetary discretionary requirement” (in Schedule 6)

paragraph 4B(6) of Schedule 6“nuisance” (in Schedule 6)

section 55“participant” (in Part 3)

paragraph 4B(3) of Schedule 6“pollution” (in Schedule 6)

paragraph 3(2) of Schedule 4“potential participant” (in Schedule 4)

section 97“primary legislation”

section 47“the relevant national authority” (in Part 3)

section 77(3)“the relevant national authority” (in Schedule 6)

section 96“the relevant Northern Ireland department”

section 70(1) and (2)“reporting authority” (in sections 61 to 70)

paragraph 3 of Schedule 6“seller” (in Schedule 6)

paragraph 5 of Schedule 6“carrier bag” (in Schedule 6)

paragraph 3(4) of Schedule 6“specified” (in Schedule 6)

section 24(1)“targeted greenhouse gas” (in Parts 1 and 2)

section 55“trading period” (in Part 3)

section 44(2)“trading scheme”

section 29(1)“UK emissions”, in relation to a greenhouse gas (in Part 1)

section 29(1)“UK removals”, in relation to a greenhouse gas (in Part 1)

paragraph 12(4) of Schedule 6“variable monetary penalty” (in Schedule 6)

section 70(8)“Wales” (in sections 61 to 70)

paragraph 4B(8) of Schedule 6“young people” (in Schedule 6)

] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(a) (April 28, 2014)

Amendments Pending

Pt 6 s. 98:  entries repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(3) (date to be appointed)
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Commencement

Pt 6 s. 98: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 98: United Kingdom 

Final provisions

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England, Scotland and Wales | Northern Ireland

Law In Force

England, Scotland and Wales

99   Extent

(1) This Act, apart from the provisions listed below, extends to the whole of the United Kingdom.

(2) The following provisions of this Act extend to England and Wales only—
(a)  sections 71 to 75 and Schedule 5 (waste reduction schemes);
(b)  section 76 (collection of household waste);
(c)  section 81 (climate change measures reports in Wales);
(d)  section 88 (fines for offences relating to pollution).

(3) Section 77 and Schedule 6 (charges for single use carrier bags) extend to England and Wales
and Northern Ireland only.

(4) Section 79 and Schedule 8 (carbon emissions reduction targets) extend to England and Wales
and Scotland only.

Northern Ireland

[ 99   Extent

(1) This Act, apart from the provisions listed below, extends to the whole of the United Kingdom.

(2) The following provisions of this Act extend to England and Wales only—
(a)  sections 71 to 75 and Schedule 5 (waste reduction schemes);
(b)  section 76 (collection of household waste);
(c)  section 81 (climate change measures reports in Wales);
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(d)  section 88 (fines for offences relating to pollution).

(3) Section 77 and Schedule 6 (charges for carrier bags) extend to England and Wales and Northern
Ireland only.

(4) Section 79 and Schedule 8 (carbon emissions reduction targets) extend to England and Wales
and Scotland only.
] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)

Commencement

Pt 6 s. 99(1)-(4): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 99(1)-(4): United Kingdom 

Law In Force

100   Commencement

(1) Part 1 (carbon target and budgeting), Part 2 (the Committee on Climate Change) and this Part
come into force on the day this Act is passed.

(2) Section 71(1) and Schedule 5 (waste reduction schemes) come into force in accordance with
sections 72 to 75.

(3) Section 81 (climate change measures reports in Wales) comes into force on such day as may
be appointed by order made by the Welsh Ministers.

(4) Section 82 (repeal of previous reporting obligation) comes into force on 1st January 2009.

(5) The other provisions of this Act come into force at the end of two months beginning with the
day it is passed.

Commencement

Pt 6 s. 100(1)-(5): November 26, 2008 

Extent

Pt 6 s. 100(1)-(5): United Kingdom 

Law In Force

101   Short title
The short title of this Act is the Climate Change Act 2008.
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Commencement

Pt 6 s. 101: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Pt 6 s. 101: United Kingdom 

SCHEDULE 1

THE COMMITTEE ON CLIMATE CHANGE

Section 32

Membership

Law In Force

1 

(1) The Committee shall consist of—
(a)  a person appointed by the national authorities to chair the Committee (“the chair”), and
(b)  not less than five and not more than eight other members appointed by the national
authorities.

(2) The national authorities must consult the chair before appointing the other members.

(3) In appointing a member, the national authorities must have regard to the desirability of securing
that the Committee (taken as a whole) has experience in or knowledge of the following—

(a)  business competitiveness;
(b)  climate change policy at national and international level, and in particular the social
impacts of such policy;
(c)  climate science, and other branches of environmental science;
(d)  differences in circumstances between England, Wales, Scotland and Northern Ireland
and the capacity of national authorities to take action in relation to climate change;
(e)  economic analysis and forecasting;
(f)  emissions trading;
(g)  energy production and supply;
(h)  financial investment;
(i)  technology development and diffusion.

(4) The Secretary of State may by order amend sub-paragraph (1)(b) so as to alter the minimum or
maximum number of members of the Committee.

(5) Such an order may only be made with the consent of the other national authorities.

(6) Any such order is subject to negative resolution procedure.
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Commencement

Sch. 1 para. 1(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 1(1)-(6): United Kingdom 

Law In Force

2 
The national authorities may, after consulting the chair, appoint one of the members as deputy to
the chair (“the deputy chair”).

Commencement

Sch. 1 para. 2: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 2: United Kingdom 

Term of office

Law In Force

3 
A member holds and vacates office in accordance with the terms of the member's appointment.

Commencement

Sch. 1 para. 3: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 3: United Kingdom 

Law In Force

4 
A member may resign by giving written notice to the Secretary of State.
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Commencement

Sch. 1 para. 4: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 4: United Kingdom 

Law In Force

5 
The national authorities may remove a member—

(a)  who has been absent from meetings of the Committee without its permission for a period
of 6 months or more,
(b)  who has become bankrupt or has made an arrangement with creditors,
(c)  whose estate has been sequestrated in Scotland or who, under Scots law, has made a
composition or arrangement with, or granted a trust deed for, creditors, or
(d)  who in the opinion of the national authorities is otherwise unable or unfit to carry out
the duties of that member.

Commencement

Sch. 1 para. 5(a)-(d): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 5(a)-(d): United Kingdom 

Law In Force

6 
A person ceases to be the chair or the deputy chair if the person—

(a)  resigns that office by giving written notice to the Secretary of State, or
(b)  ceases to be a member.

Commencement

Sch. 1 para. 6(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 6(a)-(b): United Kingdom 

Law In Force

7 
A person who—
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(a)  ceases to be a member, or
(b)  ceases to be the chair or the deputy chair,

may be reappointed to that office.

Commencement

Sch. 1 para. 7(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 7(a)-(b): United Kingdom 

Remuneration and pensions etc

Law In Force

8 
The Committee may pay to the members such remuneration and allowances as the national authorities
may determine.

Commencement

Sch. 1 para. 8: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 8: United Kingdom 

Law In Force

9 
The Committee must, if required to do so by the national authorities—

(a)  pay such pensions, gratuities or allowances as the national authorities may determine
to or in respect of any person who is or has been a member, or
(b)  pay such sums as the national authorities may determine towards provision for the
payment of pensions, gratuities or allowances to or in respect of such a person.

Commencement

Sch. 1 para. 9(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 9(a)-(b): United Kingdom 
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Law In Force

10 
If the national authorities consider there are special circumstances which make it right for a person
who has ceased to be a member to receive compensation, the Committee must pay the person such
compensation as the national authorities may determine.

Commencement

Sch. 1 para. 10: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 10: United Kingdom 

Staff

Law In Force

11 

(1) The Committee must appoint a person to be chief executive, but may only appoint a person
who has been approved by the national authorities.

(2) The chief executive is an employee of the Committee.

Commencement

Sch. 1 para. 11(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 11(1)-(2): United Kingdom 

Law In Force

12 
The Committee may appoint other employees.

Commencement

Sch. 1 para. 12: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 12: United Kingdom 
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Law In Force

13 
The Committee must, if required to do so by the national authorities—

(a)  pay such pensions, gratuities or allowances as the national authorities may determine
to or in respect of any employee or former employee, or
(b)  pay such sums as the national authorities may determine towards provision for the
payment of pensions, gratuities or allowances to or in respect of any employee or former
employee.

Commencement

Sch. 1 para. 13(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 13(a)-(b): United Kingdom 

Law In Force

14 

(1) In Schedule 1 to the Superannuation Act 1972 (c. 11) (kinds of employment to which section
1 of that Act applies), in the list of other bodies, at the appropriate place insert—

“The Committee on Climate Change.”

(2) The Committee must pay to the Minister for the Civil Service, at such times as the Minister
may direct, such sums as the Minister may determine in respect of any increase attributable to
sub-paragraph (1) in the sums payable out of money provided by Parliament under the
Superannuation Act 1972.

Commencement

Sch. 1 para. 14(1)-(2): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 14(1)-(2): United Kingdom 

Sub-committees

Law In Force

15 

(1) The Committee may establish sub-committees.

(2) A sub-committee may include persons who are not members of the Committee.
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(3) The Committee may pay such remuneration and allowances as the national authorities may
determine to any person who—

(a)  is a member of a sub-committee, but
(b)  is not a member of the Committee.

(4) This paragraph does not apply in relation to the Adaptation Sub-Committee.

Commencement

Sch. 1 para. 15(1)-(4): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 15(1)-(4): United Kingdom 

The Adaptation Sub-Committee

Law In Force

16 

(1) There shall be a sub-committee of the Committee, to be known as the Adaptation Sub-Committee
or, in Welsh, as yr Is-bwyllgor Addasu (referred to in this paragraph as “the ASC”).

(2) The ASC shall consist of—
(a)  a person appointed by the national authorities to chair the ASC (“the ASC chair”), and
(b)  not less than five other members appointed by the national authorities.

(3) The national authorities must—
(a)  consult the chair before appointing the ASC chair, and
(b)  consult the ASC chair before appointing the other members of the ASC.

(4) A person ceases to be the ASC chair if the person—
(a)  resigns that office by giving written notice to the Secretary of State, or
(b)  ceases to be a member of the ASC.

(5) The ASC may include persons who are not members of the Committee.

(6) Paragraphs 3 to 5 (term of office) apply to a person who is—
(a)  a member of the Committee, and
(b)  a member of the ASC,

in that person's capacity as a member of the ASC.

(7) Those paragraphs and paragraphs 8 to 10 (remuneration and pensions etc) apply to a member
of the ASC who is not a member of the Committee as they apply to a member of the Committee.

(8) In the application of paragraph 5(a) by virtue of this paragraph, the reference to the Committee
is a reference to the ASC.

(9) A person who—
(a)  ceases to be a member of the ASC, or
(b)  ceases to be the ASC chair,
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may be reappointed to that office.

(10) The ASC must provide the Committee with such advice, analysis, information or other assistance
as the Committee may require in connection with the exercise of its functions under—

(a)  section 38(1)(c) (advice etc to national authorities on adaptation to climate change),
(b)  section 57 (advice on report on impact of climate change), or
(c)  section 59 (reporting on progress in connection with adaptation).

Commencement

Sch. 1 para. 16(1)-(10)(c): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 16(1)-(10)(c): United Kingdom 

Proceedings

Law In Force

17 
The Committee may regulate—

(a)  its own procedure (including quorum), and
(b)  the procedure of any sub-committee (including quorum).

Commencement

Sch. 1 para. 17(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 17(a)-(b): United Kingdom 

Law In Force

18 
The validity of anything done by the Committee or any sub-committee is not affected by—

(a)  any vacancy in the membership of the Committee or sub-committee, or
(b)  any defect in the appointment of any member of the Committee or sub-committee.

Commencement

Sch. 1 para. 18(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 18(a)-(b): United Kingdom 
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Law In Force

19 
The Committee must publish the minutes of its meetings in such manner as it considers appropriate.

Commencement

Sch. 1 para. 19: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 19: United Kingdom 

Discharge of functions

Law In Force

20 
The Committee may authorise a sub-committee, member or employee to exercise any of the
Committee's functions.

Commencement

Sch. 1 para. 20: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 20: United Kingdom 

Application of seal and proof of documents

Law In Force

21 

(1) The application of the Committee's seal must be authenticated by the signature of—
(a)  a member of the Committee who is authorised (generally or specially) for that purpose,
or
(b)  an employee who is so authorised.

(2) A document purporting to be duly executed under the seal of the Committee or to be signed on
behalf of the Committee shall be received in evidence and treated as so executed or signed unless
the contrary is shown.

(3) This paragraph does not apply in relation to Scotland.
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Commencement

Sch. 1 para. 21(1)-(3): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 21(1)-(3): United Kingdom 

Reports and accounts

Law In Force

22 

(1) For each financial year the Committee must—
(a)  prepare an annual report on the discharge of its functions during the year, and
(b)  send a copy to the national authorities within such period as the national authorities
may direct.

(2) A copy of each report received under this paragraph must be laid—
(a)  by the Secretary of State before Parliament,
(b)  by the Scottish Ministers before the Scottish Parliament,
(c)  by the Welsh Ministers before the National Assembly for Wales, and
(d)  by the relevant Northern Ireland department before the Northern Ireland Assembly.

Commencement

Sch. 1 para. 22(1)-(2)(d): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 22(1)-(2)(d): United Kingdom 

Law In Force

23 
In this Schedule “financial year” means—

(a)  the period beginning with the day the Committee is established and ending with the
next 31st March, and
(b)  each subsequent period of 12 months ending with 31st March.

Climate Change Act 2008  Page 80

107  



Commencement

Sch. 1 para. 23(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 23(a)-(b): United Kingdom 

Law In Force

24 

(1) The Committee must keep proper accounts and proper records in relation to the accounts.

(2) For each financial year the Committee must—
(a)  prepare a statement of accounts in respect of that financial year, and
(b)  send a copy of the statement to the national authorities and the Comptroller and Auditor
General within such period as the national authorities direct.

(3) The statement must be in such form as the national authorities may direct.

(4) The Comptroller and Auditor General must—
(a)  examine, certify and report on the statement, and
(b)  send a copy of the certified statement and the report to the national authorities as soon
as possible.

(5) A copy of each statement received under sub-paragraph (4) must be laid—
(a)  by the Secretary of State before Parliament,
(b)  by the Scottish Ministers before the Scottish Parliament,
(c)  by the Welsh Ministers before the National Assembly for Wales, and
(d)  by the relevant Northern Ireland department before the Northern Ireland Assembly.

Commencement

Sch. 1 para. 24(1)-(5)(d): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 24(1)-(5)(d): United Kingdom 

Information

Law In Force

25 

(1) The Committee must provide the national authorities with such information as they may request
about its property.

Climate Change Act 2008  Page 81

108  



(2) The Committee must provide the Secretary of State with such information as the Secretary of
State may request about the exercise or proposed exercise of its functions under—

(a)  Part 1 (carbon target and budgeting),
(b)  section 33 (advice on level of 2050 target),
(c)  section 34 (advice in connection with carbon budgets),
(d)  section 35 (advice on emissions from international aviation and international shipping),
(e)  section 36 (reports on progress),
(f)  section 57 (advice on report on impact of climate change), or
(g)  section 59 (reporting on progress in connection with adaptation).

(3) The Committee must provide a national authority with such information as the national authority
may request about the exercise or proposed exercise of the Committee's functions under—

(a)  section 38 (duty to provide advice or assistance on request), or
(b)  section 48 (advice on trading scheme regulations),

in relation to that national authority.
If the information relates to the exercise or proposed exercise of those functions in relation to two
or more national authorities, the request must be made by all of them jointly.

(4) The Committee must provide the national authorities with such information as they may request
about the exercise or proposed exercise of any of its other functions.

(5) The Committee must also—
(a)  permit any person authorised by a national authority to inspect and make copies of any
accounts or other documents of the Committee, and
(b)  provide such explanation of them as that person or the national authority may require.

(6) Before exercising a function under sub-paragraph (5), the national authority must consult the
other national authorities.

Commencement

Sch. 1 para. 25(1)-(6): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 25(1)-(6): United Kingdom 

Publication of advice etc

Law In Force

26 
A requirement under this Act for the Committee to publish anything does not oblige it to publish—

(a)  information it could refuse to disclose in response to a request under—
(i)  the Freedom of Information Act 2000 (c. 36), or
(ii)  the Environmental Information Regulations 2004 (S.I. 2004/3391) or any
regulations replacing those regulations;

(b)  information whose disclosure is prohibited by any enactment.

Climate Change Act 2008  Page 82

109  



Commencement

Sch. 1 para. 26(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 26(a)-(b): United Kingdom 

Status

Law In Force

27 

(1) The Committee is not to be regarded as the servant or agent of the Crown or as enjoying any
status, privilege or immunity of the Crown.

(2) The Committee is to be treated as a cross-border public authority within the meaning of the
Scotland Act 1998 (c. 46) for the purposes of the following provisions of that Act—

(a)  section 23(2)(b) (power of Scottish Parliament to require persons outside Scotland to
attend to give evidence or produce documents);
(b)  section 70(6) (legislation of Scottish Parliament not to require certain cross-border
public authorities to prepare accounts).

Commencement

Sch. 1 para. 27(1)-(2)(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 27(1)-(2)(b): United Kingdom 

Public Records Act 1958 (c. 51)

Law In Force

28 
In Schedule 1 to the Public Records Act 1958 (definition of public records), in Part 2 of the Table
at the end of paragraph 3, at the appropriate place insert—

“The Committee on Climate Change.”
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Commencement

Sch. 1 para. 28: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 28: United Kingdom 

Parliamentary Commissioner Act 1967 (c. 13)

Law In Force

29 
In Schedule 2 to the Parliamentary Commissioner Act 1967 (departments etc subject to
investigation)—

(a)  at the appropriate place insert—

“The Committee on Climate Change.”
, and
(b)  in the notes at the appropriate place insert—

“Committee on Climate Change
In the case of the Committee on Climate Change, no investigation is to be conducted
in respect of any action taken by or on behalf of the Committee—

(a)  in the exercise in or as regards Scotland of any function to the extent
that the function is exercisable within devolved competence (within the
meaning of section 54 of the Scotland Act 1998), or
(b)  in connection with functions of the Committee in relation to Wales
(within the meaning of the Government of Wales Act 2006).”

Commencement

Sch. 1 para. 29(a)-(b): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 29(a)-(b): United Kingdom 

House of Commons Disqualification Act 1975 (c. 24)

Climate Change Act 2008  Page 84

111  



Law In Force

30 
In Part 2 of Schedule 1 to the House of Commons Disqualification Act 1975 (bodies of which all
members are disqualified), at the appropriate place insert—

“The Committee on Climate Change.”

Commencement

Sch. 1 para. 30: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 30: United Kingdom 

Northern Ireland Assembly Disqualification Act 1975 (c. 25)

Law In Force

31 
In Part 2 of Schedule 1 to the Northern Ireland Assembly Disqualification Act 1975 (bodies of
which all members are disqualified), at the appropriate place insert—

“The Committee on Climate Change.”

Commencement

Sch. 1 para. 31: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 31: United Kingdom 

Race Relations Act 1976 (c. 74)

Repealed

32 […]1

Notes
1 Repealed by Equality Act 2010 c. 15 Sch.27(1A) para.1 (April 5, 2011 as SI 2011/1066)
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Freedom of Information Act 2000 (c. 36)

Law In Force

33 
In Part 6 of Schedule 1 to the Freedom of Information Act 2000 (other public bodies and offices
which are public authorities), at the appropriate place insert—

“The Committee on Climate Change.”

Commencement

Sch. 1 para. 33: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 33: United Kingdom 

Scottish Public Services Ombudsman Act 2002 (asp 11)

Law In Force

34 

(1) The Scottish Public Services Ombudsman Act 2002 is amended as follows.

(2) In section 7 (matters which may be investigated: restrictions), after subsection (6B) insert—

“(6C) The Ombudsman must not investigate action taken by or on behalf of the Committee
on Climate Change in the exercise in or as regards Scotland of any function to the extent
that the function is not exercisable within devolved competence (within the meaning of
section 54 of the Scotland Act 1998).”

(3) In Schedule 2 (persons liable to investigation), after paragraph 91A insert—

“91B 
The Committee on Climate Change.”

Commencement

Sch. 1 para. 34(1)-(3): November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 34(1)-(3): United Kingdom 
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Public Services Ombudsman (Wales) Act 2005 (c. 10)

Law In Force

35 
In Schedule 3 to the Public Services Ombudsman (Wales) Act 2005 (listed authorities), after the
heading “Environment” insert—

“The Committee on Climate Change.”

Commencement

Sch. 1 para. 35: November 26, 2008 (2008 c. 27 Pt 6 s. 100(1))

Extent

Sch. 1 para. 35: United Kingdom 

SCHEDULE 2

TRADING SCHEMES

Section 46

PART 1

SCHEMES LIMITING ACTIVITIES

Law In Force

1 Introductory
This Part of this Schedule deals with trading schemes that operate by limiting or encouraging the
limitation of activities that consist of the emission of greenhouse gas or that cause or contribute,
directly or indirectly, to such emissions.

Commencement

Sch. 2(1) para. 1: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 1: United Kingdom 

Climate Change Act 2008  Page 87

114  



Law In Force

2 Trading periods
The regulations must specify the period or periods by reference to which the scheme is to operate
(a “trading period”).

Commencement

Sch. 2(1) para. 2: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 2: United Kingdom 

Law In Force

3 Activities

(1) The regulations must identify the activities to which the trading scheme applies.

(2) The regulations may identify the activities by reference to any, or any combination of, criteria
and in particular—

(a)  may identify the activities by reference to the locations or locations at which they are
carried on, or
(b)  may be expressed to apply to all activities of a particular kind carried on in the United
Kingdom or a part of the United Kingdom.

(3) The regulations must specify the units of measurement of the activities for the purposes of the
scheme.

(4) The regulations may specify units of measurement by reference to—
(a)  the activities themselves,
(b)  anything consumed or used for the purposes of the activities,
(c)  anything produced by the activities, or
(d)  any other consequence of the activities.

(5) The regulations may, in particular, make provision—
(a)  for activities to be measured by reference to the amount (in tonnes of carbon dioxide
equivalent) of the greenhouse gas emissions for which those activities are to be regarded
as responsible; and
(b)  as to the method by which that amount is to be measured or calculated.

(6) The regulations may make different provision in relation to different descriptions of activity to
which the scheme applies.

Commencement

Sch. 2(1) para. 3(1)-(6): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 3(1)-(6): United Kingdom 
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Law In Force

4 Participants

(1) The regulations must identify the persons to whom the trading scheme applies (the “participants”).

(2) The regulations—
(a)  may identify the participants by reference to any, or any combination of, criteria, or
(b)  provide for their identification by a specified person or body.

(3) The regulations may, in particular, identify or provide for the identification of the participants
by reference to their responsibility for activities to which the trading scheme applies.

(4) The regulations may provide for more than one person to be treated as a single participant.

(5) The regulations may provide for persons to cease to be participants in circumstances specified
in the regulations.

Commencement

Sch. 2(1) para. 4(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 4(1)-(5): United Kingdom 

Law In Force

5 Allocation of allowances

(1) The regulations may provide for the allocation among the participants of allowances representing
the right to carry on a specified amount of the activities in a trading period.

(2) The regulations may set a limit on—
(a)  the total amount of the activities for a trading period, and
(b)  the total amount of the allowances to be allocated for the period.

(3) The regulations may specify the method of allocation or provide for it to be determined in
accordance with the regulations.

(4) The regulations may not provide for allowances to be allocated in return for consideration.

Commencement

Sch. 2(1) para. 5(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 5(1)-(4): United Kingdom 
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Law In Force

6 Use of allowances

(1) The regulations may require each participant to have or acquire enough allowances to match
the participant's activities in a trading period, subject to any offsetting in accordance with provision
made under paragraph 7.

(2) The regulations—
(a)  may permit allowances held by a participant at the end of a trading period in excess of
the participant's activities in the period to be used to cover the participant's activities in a
later trading period,
(b)  may permit allowances allocated to a participant for a trading period to be used to cover
the participant's activities in an earlier trading period, and
(c)  may in either case provide for such use of allowances to be subject to such conditions
and limitations as may be specified in or determined in accordance with the regulations.

(3) The regulations must contain provision for ensuring that allowances used by a participant for
the purposes of a trading scheme cannot be used by the participant for any other purpose.

(4) The regulations—
(a)  may provide for the expiry of allowances after such period as may be specified in or
determined in accordance with the regulations;
(b)  may enable allowances to be cancelled by a person by whom they are held instead of
being used for the purposes of a trading scheme.

Commencement

Sch. 2(1) para. 6(1)-(4)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 6(1)-(4)(b): United Kingdom 

Law In Force

7 Credits

(1) The regulations may enable participants to offset the carrying on of the activities in a trading
period by acquiring credits representing—

(a)  a reduction in an amount of greenhouse gas emissions, or
(b)  the removal of an amount of greenhouse gas from the atmosphere.

(2) Regulations that make provision under this paragraph for a trading period must set a limit on
the total amount of the activities for the period.

(3) If the regulations also provide for the allocation of allowances for the period, they must—
(a)  set a limit on the total amount of the allowances to be allocated for the period, and
(b)  require each participant to acquire enough credits to offset any activities carried on by
the participant in the period in excess of those for which the participant has or has acquired
allowances.

(4) Otherwise, such regulations must—
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(a)  set a limit on the amount of the activities that each participant may carry on in the
period, and
(b)  require each participant to acquire enough credits to offset any activities carried on by
the participant in the period in excess of that limit.

(5) The regulations must specify—
(a)  the descriptions of credits that may be used for offsetting a participant's activities,
(b)  the value of different descriptions of credit as regards the amount of the activities they
are treated as offsetting, and
(c)  the circumstances in which credits of any description may be used for the purposes of
the trading scheme.

(6) The regulations—
(a)  must contain provision for ensuring that credits used to offset activities under a trading
scheme cannot be used by the participant for any other purpose;
(b)  may enable credits to be cancelled by a person by whom they are held instead of being
used for that purpose.

Commencement

Sch. 2(1) para. 7(1)-(6)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 7(1)-(6)(b): United Kingdom 

Law In Force

8 Payments

(1) The regulations may provide that a participant who does not have or acquire enough allowances
or credits to match or offset the participant's activities in a trading period must pay an amount
specified in or determined in accordance with the regulations within the period so specified.

(2) The regulations may require the payment to be made to—
(a)  the administrator, or
(b)  such other person as the regulations may specify.

(3) The provision that may be made about the amount of the payment includes, in particular,
provision—

(a)  for the amount to be determined by the administrator or a national authority;
(b)  in a case where the payment is not made within the period specified in the regulations,
for the amount to increase at the rate so specified until payment;
(c)  for the amount of the payment, or of any amount by reference to which it is to be
calculated, to be adjusted from time to time by reference to inflation or some other factor.

(4) Provision within sub-paragraph (3)(c) may refer, in particular, to an index or data specified in
the regulations (including as modified from time to time after the regulations come into force).
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(5) If the regulations provide for payments to be made to a person other than a national authority,
they must provide for that person to pay the sums received to the national authority or authorities
specified in or determined in accordance with the regulations.

Commencement

Sch. 2(1) para. 8(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 8(1)-(5): United Kingdom 

Law In Force

9 Trading

(1) The regulations must provide for the participants in a trading scheme to trade in any allowances
or credits under the scheme.

(2) The regulations may also provide for trading in the allowances or credits by third parties
authorised in accordance with the regulations.

(3) The regulations must specify the circumstances in which trading is permitted.

(4) The regulations may require trading to be notified to the administrator of the trading scheme.

Commencement

Sch. 2(1) para. 9(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 9(1)-(4): United Kingdom 

Law In Force

10 Permits

(1) The regulations may provide that participants may only carry on activities to which the trading
scheme applies, or specified activities to which the scheme applies, if they hold a permit.

(2) The regulations may make provision about the issue, variation, transfer, surrender and revocation
of permits.

(3) The regulations may provide for conditions to be attached to permits.

(4) References in this Schedule to the requirements of the scheme include requirements imposed
by conditions attached to a permit.
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Commencement

Sch. 2(1) para. 10(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 10(1)-(4): United Kingdom 

Law In Force

11 Units under other schemes

(1) The regulations may make provision for recognising any of the following as equivalent to
allowances or credits under the trading scheme—

(a)  allowances, credits or certificates under another trading scheme for which provision is
made by regulations under this Part of this Act;
(b)  units under any other trading scheme (at United Kingdom, European or international
level) relating to greenhouse gas emissions.

(2) The regulations may provide—
(a)  for determining the value for the purposes of the scheme of any such allowances, credits,
certificates or units, and
(b)  for the use for the purposes of the scheme of any such allowances, credits, certificates
or units to be subject to such conditions and limitations as may be specified in or determined
in accordance with the regulations.

Commencement

Sch. 2(1) para. 11(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(1) para. 11(1)-(2)(b): United Kingdom 

PART 2

SCHEMES ENCOURAGING ACTIVITIES

Law In Force

12 Introductory
This Part of this Schedule deals with trading schemes that operate by encouraging activities that
consist of, or that cause or contribute, directly or indirectly to—

(a)  reductions in greenhouse gas emissions, or
(b)  the removal of greenhouse gas from the atmosphere.

Climate Change Act 2008  Page 93

120  



Commencement

Sch. 2(2) para. 12(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 12(a)-(b): United Kingdom 

Law In Force

13 Trading periods
The regulations must specify the period or periods by reference to which the scheme is to operate
(a “trading period”).

Commencement

Sch. 2(2) para. 13: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 13: United Kingdom 

Law In Force

14 Activities

(1) The regulations must identify the activities to which the trading scheme applies.

(2) The regulations may identify the activities by reference to any, or any combination of, criteria
and in particular—

(a)  may identify the activities by reference to the locations or locations at which they are
carried on, or
(b)  may be expressed to apply to all activities of a particular kind carried on in the United
Kingdom or a part of the United Kingdom.

(3) The regulations must specify the units of measurement of the activities for the purposes of the
scheme.

(4) The regulations may specify units of measurement by reference to—
(a)  the activities themselves,
(b)  anything consumed or used for the purposes of the activities,
(c)  anything produced by the activities, or
(d)  any other consequence of the activities.

(5) The regulations may, in particular, make provision—
(a)  for activities to be measured by reference to the amount (in tonnes of carbon dioxide
equivalent) of the reduction of greenhouse gas emissions, or removals of greenhouse gas
from the atmosphere, for which those activities are to be regarded as responsible; and
(b)  as to the method by which that amount is to be measured or calculated.
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(6) The regulations may make different provision in relation to different descriptions of activity to
which the scheme applies.

Commencement

Sch. 2(2) para. 14(1)-(6): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 14(1)-(6): United Kingdom 

Law In Force

15 Participants

(1) The regulations must identify the persons to whom the trading scheme applies (the “participants”).

(2) The regulations—
(a)  may identify the participants by reference to any, or any combination of, criteria, or
(b)  provide for their identification by a specified person or body.

(3) The regulations may provide for more than one person to be treated as a single participant.

(4) The regulations may provide for persons to cease to be participants in circumstances specified
in the regulations.

Commencement

Sch. 2(2) para. 15(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 15(1)-(4): United Kingdom 

Law In Force

16 Targets and obligations
The regulations must, for each trading period—

(a)  set a target for the total amount of the activities, and
(b)  impose, or provide for the imposition of, an obligation on each participant in relation
to the carrying on of a specified amount of the activities in the period.

Commencement

Sch. 2(2) para. 16(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 16(a)-(b): United Kingdom 
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Law In Force

17 Certificates

(1) The regulations must provide for the issue of certificates evidencing the carrying on of the
activities in a trading period.

(2) The regulations may provide for certificates to evidence the carrying on of the activities—
(a)  by the participant in question,
(b)  by another participant in the trading scheme, or
(c)  by a third party authorised in accordance with the regulations to obtain certificates for
the purposes of the scheme.

(3) The regulations must require each participant to have enough certificates at the end of each
trading period to comply with the participant's obligations under the trading scheme.

(4) The regulations must contain provision for ensuring that certificates used by a participant for
that purpose cannot be used by the participant for any other purpose.

(5) The regulations—
(a)  may provide for the expiry of certificates after such period as may be specified in or
determined in accordance with the regulations;
(b)  may enable certificates to be cancelled by a person by whom they are held instead of
being used for the purposes of a trading scheme.

Commencement

Sch. 2(2) para. 17(1)-(5)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 17(1)-(5)(b): United Kingdom 

Law In Force

18 Payments

(1) The regulations may provide that a participant who does not have enough certificates at the end
of a trading period to comply with the participant's obligations under the trading scheme must pay
an amount specified in or determined in accordance with the regulations within the period so
specified.

(2) The regulations may require the payment to be made to—
(a)  the administrator, or
(b)  such other person as the regulations may specify.

(3) The provision that may be made about the amount of the payment includes, in particular,
provision—

(a)  for the amount to be determined by the administrator or a national authority;
(b)  in a case where the payment is not made within the period specified in the regulations,
for the amount to increase at the rate so specified until payment;
(c)  for the amount of the payment, or of any amount by reference to which it is to be
calculated, to be adjusted from time to time by reference to inflation or some other factor.
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(4) Provision within sub-paragraph (3)(c) may refer, in particular, to an index or data specified in
the regulations (including as modified from time to time after the regulations come into force).

(5) If the regulations provide for payments to be made to a person other than a national authority,
they must provide for that person to pay the sums received to the national authority or authorities
specified in or determined in accordance with the regulations.

Commencement

Sch. 2(2) para. 18(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 18(1)-(5): United Kingdom 

Law In Force

19 Trading

(1) The regulations must provide for the participants in a trading scheme to trade in certificates.

(2) The regulations may also provide for trading in certificates by third parties authorised in
accordance with the regulations.

(3) The regulations must specify the circumstances in which trading is permitted.

(4) The regulations may require trading to be notified to the administrator of the trading scheme.

Commencement

Sch. 2(2) para. 19(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 19(1)-(4): United Kingdom 

Law In Force

20 Units under other schemes

(1) The regulations may make provision for recognising any of the following as equivalent to
certificates under the trading scheme—

(a)  allowances, credits or certificates under another trading scheme for which provision is
made by regulations under this Part of this Act;
(b)  units under any other trading scheme (at United Kingdom, European or international
level) relating to greenhouse gas emissions.

(2) The regulations may provide—
(a)  for determining the value for the purposes of the scheme of any such allowances, credits,
certificates or units, and
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(b)  for the use for the purposes of the scheme of any such allowances, credits, certificates
or units to be subject to such conditions and limitations as may be specified in or determined
in accordance with the regulations.

Commencement

Sch. 2(2) para. 20(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(2) para. 20(1)-(2)(b): United Kingdom 

PART 3

ADMINISTRATION AND ENFORCEMENT

Law In Force

21 The administrator

(1) The regulations may appoint a person as the administrator of a trading scheme.

(2) The regulations may confer or impose functions on the administrator for the purposes of the
scheme.

(3) Only the following may be appointed as the administrator of a trading scheme—
(a)  the Secretary of State,
(b)  the Scottish Ministers,
(c)  the Welsh Ministers,
(d)  the relevant Northern Ireland department,
(e)  a body established by an enactment, or
(f)  any combination of the above.

(4) The same person may be appointed as the administrator of more than one trading scheme.

(5) More than one person may be appointed as the administrator of the same trading scheme.

Commencement

Sch. 2(3) para. 21(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 21(1)-(5): United Kingdom 
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Law In Force

22 Information

(1) The regulations may require such information as may be specified in or determined in accordance
with the regulations to be provided to—

(a)  the administrator of a trading scheme,
(b)  a national authority, or
(c)  participants or potential participants in the scheme,

for purposes connected with the scheme.

(2) The regulations may confer power on the administrator of a trading scheme to require information
to be provided to any of those persons for those purposes.

(3) The regulations must provide for a requirement by the administrator to provide information to
be notified in writing to the person to whom it is made.

(4) If the regulations confer functions on the administrator for the purposes of this paragraph, they
may provide for the administrator to delegate the performance of any of those functions.

(5) The regulations may provide for information held by or on behalf of the administrator of a
trading scheme in connection with the administrator's functions to be disclosed to—

(a)  any other administrator of the scheme,
(b)  the administrator of another trading scheme, or
(c)  a national authority.

Commencement

Sch. 2(3) para. 22(1)-(5)(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 22(1)-(5)(c): United Kingdom 

Law In Force

23 Registers

(1) The regulations may provide for the creation and maintenance of a register or registers of
information relating to a trading scheme and, in particular, for the register or registers to keep track
of any of the following—

(a)  the participants in a trading scheme;
(b)  any limits on or obligations applying to the participants' activities under the scheme;
(c)  any allocation of allowances among the participants;
(d)  the allowances, credits, certificates or other units held by the participants or others;
(e)  trading in allowances, credits, certificates or other units;
(f)  the use by the participants or others of allowances, credits, certificates or other units for
the purposes of the scheme;
(g)  the cancellation of allowances, credits, certificates or other units;
(h)  permits held by the participants, and any conditions attached to those permits.
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(2) The regulations may, in particular, provide for the establishment and maintenance of accounts
in which allowances, credits, certificates or other units may be held by the participants, the
administrator or others and between which they may be transferred.

(3) The regulations may provide for the same register to operate in relation to more than one trading
scheme.

(4) The regulations may make provision for the disclosure of information held in or derived from
a register relating to a trading scheme—

(a)  for the purposes of the administration of another trading scheme for which provision
is made by regulations under this Part of this Act, or
(b)  for the purposes of the administration of any other trading scheme (at United Kingdom,
European or international level) relating to greenhouse gas emissions.

Commencement

Sch. 2(3) para. 23(1)-(4)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 23(1)-(4)(b): United Kingdom 

Law In Force

24 Publication of information
The regulations may confer or impose functions on the administrator of a trading scheme in relation
to the publication of information relating to the scheme or its participants (including, in particular,
information supplied to the administrator by the participants and others).

Commencement

Sch. 2(3) para. 24: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 24: United Kingdom 

Law In Force

25 Acquisition of units by the administrator
The regulations may confer powers on the administrator of a trading scheme to acquire—

(a)  allowances, credits or certificates under another trading scheme for which provision is
made by regulations under this Part of this Act, or
(b)  units under any other trading scheme (at United Kingdom, European or international
level) relating to greenhouse gas emissions.
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Commencement

Sch. 2(3) para. 25(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 25(a)-(b): United Kingdom 

Law In Force

26 Charges

(1) The regulations may—
(a)  require the payment by participants or other persons authorised to trade in allowances,
credits or certificates of charges of an amount determined by or under the regulations by
reference to the costs of operating the scheme, and
(b)  provide for such charges to be imposed by—

(i)  a national authority,
(ii)  the administrator of the scheme, or
(iii)  such other person as may be specified in or determined in accordance with the
regulations.

(2) If the regulations provide for charges to be payable to a person other than a national authority,
they must provide for that person to pay the sums received to the national authority or authorities
specified in or determined in accordance with the regulations.

Commencement

Sch. 2(3) para. 26(1)-(2): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 26(1)-(2): United Kingdom 

Law In Force

27 Monitoring compliance

(1) The regulations may make provision for monitoring compliance with the requirements of a
trading scheme.

(2) The regulations may, in particular, make provision about—
(a)  the keeping of records by the participants,
(b)  the provision of information by the participants and others,
(c)  the audit and verification of that information, and
(d)  the inspection of premises.

(3) If the regulations confer functions on the administrator of the scheme for the purposes of this
paragraph, they may provide for the administrator to delegate the performance of any of those
functions.
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Commencement

Sch. 2(3) para. 27(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 27(1)-(3): United Kingdom 

Law In Force

28 Enforcement

(1) The regulations may confer powers on a person to whom this paragraph applies to—
(a)  require the production of documents or the provision of information,
(b)  question the officers of a company,
(c)  enter premises with a warrant, or
(d)  seize documents or records.

(2) The regulations must provide that the power in question may only be exercised where the person
on whom it is conferred reasonably believes there has been a failure to comply with the requirements
of a trading scheme.

(3) This paragraph applies to—
(a)  a national authority,
(b)  the administrator of the scheme, and
(c)  such other person as may be specified in or determined in accordance with the
regulations.

Commencement

Sch. 2(3) para. 28(1)-(3)(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 28(1)-(3)(c): United Kingdom 

Law In Force

29 Penalties

(1) The regulations may provide that a person is liable to a financial or other penalty if the person
fails to comply with the requirements of a trading scheme.

(2) The regulations may—
(a)  specify the amount of any financial penalty, or
(b)  provide for the amount of any financial penalty to be determined in accordance with
the regulations.
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(3) If the regulations provide for financial penalties to be payable to a person other than a national
authority, they must provide for that person to pay the sums received to the national authority or
authorities specified in or determined in accordance with the regulations.

Commencement

Sch. 2(3) para. 29(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 29(1)-(3): United Kingdom 

Law In Force

30 Offences

(1) The regulations may create offences relating to trading schemes.

(2) The regulations may provide for such an offence to be triable—
(a)  only summarily, or
(b)  either summarily or on indictment.

(3) The regulations may provide for such an offence to be punishable on summary conviction—
(a)  with imprisonment for a term not exceeding such period as is specified in the regulations
(which may not exceed the normal maximum term),
(b)  with a fine not exceeding such amount as is so specified (which may not exceed £50,000),
or
(c)  with both.

(4) The “normal maximum term” means—
(a)  in relation to England and Wales—

(i)  in the case of an offence triable only summarily, 51 weeks, and
(ii)  in the case of an offence triable either summarily or on indictment, twelve
months;

(b)  in relation to Scotland—
(i)  in the case of an offence triable only summarily, 6 months, and
(ii)  in the case of an offence triable either summarily or on indictment, twelve
months;

(c)  in relation to Northern Ireland, six months.

(5) Regulations that—
(a)  are made before the date on which section 281(5) of the Criminal Justice Act 2003 (c.
44) comes into force, and
(b)  in relation to England and Wales, make provision for a summary offence to be punishable
with a term of imprisonment exceeding six months,

must provide that, where the offence is committed before that date, it is punishable with
imprisonment for a term not exceeding six months.

(6) Regulations that—
(a)  are made before the date on which [ paragraph 24(2) of Schedule 22 to the Sentencing
Act 2020 ] 1  comes into force, and
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(b)  in relation to England and Wales, make provision for an offence triable either summarily
or on indictment to be punishable on summary conviction with a term of imprisonment
exceeding six months,

must provide that, where the offence is committed before that date, it is punishable on summary
conviction with imprisonment for a term not exceeding six months.

(7) The regulations may provide for an offence to be punishable on indictment—
(a)  with imprisonment for a term not exceeding such period as is specified in the regulations
(which may not exceed five years),
(b)  with a fine, or
(c)  with both.

(8) The regulations may—
(a)  provide for defences against offences, and
(b)  make provision about matters of procedure and evidence in proceedings relating to
offences.

Notes
1 Words substituted by Sentencing Act 2020 c. 17 Sch.24(6) para.443(1) (December 1, 2020: substitution has effect

subject to savings and transitional provisions specified in 2020 c.17 s.410 and Sch.24 Part 7)

Commencement

Sch. 2(3) para. 30(1)-(8)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 30(1)-(8)(b): United Kingdom 

Law In Force

31 Appeals

(1) The regulations may confer rights of appeal against—
(a)  decisions made in relation to a trading scheme, and
(b)  civil penalties imposed or enforcement action taken for failure to comply with the
requirements of a trading scheme.

(2) The regulations must specify the court, tribunal or person who is to hear and determine appeals
in relation to a trading scheme.

(3) The regulations may, in particular, provide for appeals in relation to a trading scheme to be
heard by—

(a)  a national authority, if not the administrator of the trading scheme, or
(b)  a person appointed by a national authority for that purpose.

(4) They may provide for an appeal to be determined by a person other than the person by whom
the appeal was heard.
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Commencement

Sch. 2(3) para. 31(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 2(3) para. 31(1)-(4): United Kingdom 

SCHEDULE 3

TRADING SCHEMES REGULATIONS: FURTHER PROVISIONS

Section 49

PART 1

REGULATIONS MADE BY A SINGLE NATIONAL AUTHORITY

Law In Force

1 
This Part of this Schedule applies in relation to an instrument containing regulations under this Part
of this Act made by a single national authority.

Commencement

Sch. 3(1) para. 1: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(1) para. 1: United Kingdom 

Law In Force

2 

(1) Where the instrument contains regulations that—
(a)  are to be made by the Secretary of State, and
(b)  are subject to affirmative resolution procedure,

the regulations must not be made unless a draft of the statutory instrument containing them has
been laid before and approved by a resolution of each House of Parliament.

(2) Where the instrument contains regulations that—
(a)  are to be made by a national authority other than the Secretary of State, and
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(b)  are subject to affirmative resolution procedure,
the regulations must not be made unless a draft of the statutory instrument containing them has
been laid before and approved by a resolution of the relevant devolved legislature.

Commencement

Sch. 3(1) para. 2(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(1) para. 2(1)-(2)(b): United Kingdom 

Law In Force

3 

(1) An instrument containing regulations made by the Secretary of State that are subject to negative
resolution procedure is subject to annulment in pursuance of a resolution of either House of
Parliament.

(2) An instrument containing regulations made by the Scottish Ministers that are subject to negative
resolution procedure is subject to annulment in pursuance of a resolution of the Scottish Parliament.

(3) An instrument containing regulations made by the Welsh Ministers that are subject to negative
resolution procedure is subject to annulment in pursuance of a resolution of the National Assembly
for Wales.

(4) An instrument containing regulations made by a Northern Ireland department that are subject
to negative resolution procedure is subject to negative resolution within the meaning of section
41(6) of the Interpretation Act (Northern Ireland) 1954 (c. 33 (N.I.)) as if it were a statutory
instrument within the meaning of that Act.

Commencement

Sch. 3(1) para. 3(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(1) para. 3(1)-(4): United Kingdom 

Law In Force

4 
Any provision that may be made by regulations subject to negative resolution procedure may be
made by regulations subject to affirmative resolution procedure.
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Commencement

Sch. 3(1) para. 4: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(1) para. 4: United Kingdom 

PART 2

REGULATIONS MADE BY TWO OR MORE NATIONAL AUTHORITIES

Law In Force

5 
This Part of this Schedule applies in relation to an instrument containing regulations under this Part
of this Act made or to be made by any two or more of—

(a)  the Secretary of State,
(b)  the Welsh Ministers, and
(c)  a Northern Ireland department.

Commencement

Sch. 3(2) para. 5(a)-(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(2) para. 5(a)-(c): United Kingdom 

Law In Force

6 
If any of the regulations are subject to affirmative resolution procedure, all of them are subject to
that procedure.

Commencement

Sch. 3(2) para. 6: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(2) para. 6: United Kingdom 
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Law In Force

7 
Paragraphs 2 and 3 (affirmative and negative resolution procedure) apply to the instrument as they
apply to an instrument containing regulations made by a single national authority.

Commencement

Sch. 3(2) para. 7: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(2) para. 7: United Kingdom 

Law In Force

8 

(1) If in accordance with paragraph 3 (negative resolution procedure)—
(a)  either House of Parliament resolves that an address be presented to Her Majesty praying
that an instrument containing regulations made by the Secretary of State be annulled, or
(b)  a devolved legislature resolves that an instrument containing regulations made by a
national authority be annulled,

nothing further is to be done under the instrument after the date of the resolution and Her Majesty
may by Order in Council revoke the instrument.

(2) This is without prejudice to the validity of anything previously done under the instrument or to
the making of a new instrument.

(3) This paragraph applies in place of provision made by any other enactment about the effect of
such a resolution.

Commencement

Sch. 3(2) para. 8(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(2) para. 8(1)-(3): United Kingdom 

PART 3

POWER TO MAKE PROVISION BY ORDER IN COUNCIL

Law In Force

9 

(1) Her Majesty may by Order in Council make provision for trading schemes.
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(2) That power may only be exercised to make an Order in Council—
(a)  that extends or applies both to Scotland and to one or more of England, Wales and
Northern Ireland, or
(b)  that extends to Scotland only and contains both provision within the legislative
competence of the Scottish Parliament and provision outside that competence.

(3) The provision that may be made by an Order in Council under this paragraph includes any
provision that may be made by a national authority by regulations under this Part of this Act.

Commencement

Sch. 3(3) para. 9(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(3) para. 9(1)-(3): United Kingdom 

Law In Force

10 
No recommendation is to be made to Her Majesty in Council to make an Order in Council under
paragraph 9 unless the requirements of section 48(1) and (2) as to advice and consultation have
been complied with.

Commencement

Sch. 3(3) para. 10: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(3) para. 10: United Kingdom 

Law In Force

11 

(1) This paragraph applies to an Order in Council under paragraph 9 containing any provision that,
were it to be made by regulations under this Part of this Act, would be subject to affirmative
resolution procedure.

(2) No recommendation is to be made to Her Majesty in Council to make an Order in Council to
which this paragraph applies unless—

(a)  in the case of an Order in Council containing provision that may be made by the Secretary
of State by regulations under this Part of this Act, a draft of the statutory instrument
containing the Order in Council has been laid before, and approved by a resolution of, each
House of Parliament, and
(b)  in the case of an Order in Council containing provision that may be made by a national
authority other than the Secretary of State by regulations under this Part of this Act, a draft
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of the statutory instrument containing the Order in Council has been laid before, and approved
by a resolution of, the relevant devolved legislature.

Commencement

Sch. 3(3) para. 11(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(3) para. 11(1)-(2)(b): United Kingdom 

Law In Force

12 

(1) This paragraph applies to an Order in Council under paragraph 9 other than one to which
paragraph 11 applies.

(2) An Order in Council to which this paragraph applies containing provision that may be made
by the Secretary of State by regulations under this Part of this Act is subject to annulment in
pursuance of a resolution of either House of Parliament.

(3) An Order in Council to which this paragraph applies containing provision that may be made
by the Scottish Ministers by regulations under this Part of this Act is subject to annulment in
pursuance of a resolution of the Scottish Parliament.

(4) An Order in Council to which this paragraph applies containing provision that may be made
by the Welsh Ministers by regulations under this Part of this Act is subject to annulment in pursuance
of a resolution of the National Assembly for Wales.

(5) An Order in Council to which this paragraph applies containing provision that may be made
by a Northern Ireland department by regulations under this Part of this Act is subject to negative
resolution within the meaning of section 41(6) of the Interpretation Act (Northern Ireland) 1954
(c. 33 (N.I.)) as if it were a statutory instrument within the meaning of that Act.

Commencement

Sch. 3(3) para. 12(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(3) para. 12(1)-(5): United Kingdom 

Law In Force

13 

(1) If in accordance with paragraph 12—
(a)  either House of Parliament resolves that an address be presented to Her Majesty praying
that an Order in Council be annulled, or
(b)  a devolved legislature resolves that an Order in Council be annulled,
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nothing further is to be done under the Order in Council after the date of the resolution and Her
Majesty may by Order in Council revoke it.

(2) This is without prejudice to the validity of anything previously done under the Order in Council
or to the making of a new Order in Council.

(3) This paragraph applies in place of provision made by any other enactment about the effect of
such a resolution.

Commencement

Sch. 3(3) para. 13(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 3(3) para. 13(1)-(3): United Kingdom 

SCHEDULE 4

TRADING SCHEMES: POWERS TO REQUIRE INFORMATION

Section 50

Repealed

1 […]1

Notes
1 Repealed by Climate Change Act 2008 c. 27 Pt 3 s.50(2) (January 1, 2011)

Repealed

2 […]1

Notes
1 Repealed by Climate Change Act 2008 c. 27 Pt 3 s.50(2) (January 1, 2011)

Repealed

3 […]1

Notes
1 Repealed by Climate Change Act 2008 c. 27 Pt 3 s.50(2) (January 1, 2011)
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Repealed

4 […]1

Notes
1 Repealed by Climate Change Act 2008 c. 27 Pt 3 s.50(2) (January 1, 2011)

Repealed

5 […]1

Notes
1 Repealed by Climate Change Act 2008 c. 27 Pt 3 s.50(2) (January 1, 2011)

Law In Force

6 Disclosure of information

(1) This paragraph applies to information obtained by an environmental authority (whether or not
pursuant to a notice under this Schedule) from—

(a)  an electricity supplier or electricity distributor, or
(b)  a potential participant,

for the purposes of enabling a trading scheme to be established.

(2) The information may be disclosed for the purposes of or in connection with the establishment,
operation or enforcement of a trading scheme—

(a)  by an environmental authority to another environmental authority or the administrator
of the scheme, or
(b)  by the administrator of the scheme to any other administrator of the scheme or an
environmental authority.

(3) This does not affect any other right to disclose information within sub-paragraph (1) apart from
this paragraph.

Commencement

Sch. 4 para. 6(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 4 para. 6(1)-(3): United Kingdom 
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SCHEDULE 5

WASTE REDUCTION SCHEMES

Section 71

PART 1

MAIN PROVISIONS

Repealed

1 […]1

Notes
1 Repealed, never in force by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Repealed

2 […]1

Notes
1 Repealed, never in force by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

PART 2

CONSEQUENTIAL AMENDMENTS

Repealed

3 […]1

Notes
1 Repealed, never in force by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

Repealed

4 […]1
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Notes
1 Repealed, never in force by Localism Act 2011 c. 20 Sch.25(8) para.1 (January 15, 2012)

SCHEDULE 6

CHARGES FOR SINGLE USE CARRIER BAGS

Section 77

PART 1

POWERS TO MAKE REGULATIONS ABOUT CHARGES

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force

England and Wales

1 General power
The relevant national authority may make provision by regulations about charging by sellers of
goods for the supply of single use carrier bags.

Northern Ireland

[ 1 General power
The relevant national authority may make provision by regulations about charging by sellers of
goods for the supply of carrier bags.
] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)
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Commencement

Sch. 6(1) para. 1: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(1) para. 1: England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force

England and Wales

2 Requirement to charge
The regulations may make provision requiring sellers of goods to charge for single use carrier bags
supplied—

(a)  at the place where the goods are sold, for the purpose of enabling the goods to be taken
away, or
(b)  for the purpose of enabling the goods to be delivered.

Northern Ireland

[ 2 Requirement to charge
The regulations may make provision requiring sellers of goods to charge for carrier bags supplied—

[ (a)  at a place where goods are sold, for the purpose of enabling goods to be taken away,
or
(b)  for the purpose of enabling goods to be delivered. ] 2

] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)
2 Substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.3(1) (April 28, 2014)

Commencement

Sch. 6(1) para. 2(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(1) para. 2(a)-(b): England, Wales, Northern Ireland 
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The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Partially In Force

England and Wales

[NOTE: not yet in force otherwise.]

Northern Ireland

[ 2A. 
The regulations may make provision for treating carrier bags as having been supplied for the purpose
of enabling goods to be taken away if the carrier bags have been designed for that purpose.
] 1

Notes
1 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.3(2) (April 28, 2014)

Extent

Sch. 6(1) para. 2A: England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force

England and Wales

3 Sellers of goods

(1) “Seller”, in relation to goods, has the meaning given by the regulations which may define that
term by reference (in particular) to—

(a)  a person's involvement in selling the goods,
(b)  a person's interest in the goods, or
(c)  a person's interest in the place at or from which the goods are sold,
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or any combination of those factors.

(2) The regulations may make provision for regulations under this Schedule to apply—
(a)  to all sellers of goods,
(b)  to sellers of goods named in the regulations,
(c)  to sellers of goods identified by reference to specified factors, or
(d)  to sellers of goods within paragraph (b) and sellers of goods within paragraph (c).

(3) The specified factors may include—
(a)  the place or places at or from which a seller supplies goods;
(b)  the type of goods that a seller supplies;
(c)  the value of goods that a seller supplies;
(d)  a seller's turnover or any part of that turnover.

(4) In this Schedule “specified” means specified in regulations under this Schedule.

Northern Ireland

[ 3 Sellers of goods

(1) “Seller”, in relation to goods, has the meaning given by the regulations which may define that
term by reference (in particular) to—

(a)  a person's involvement in selling the goods,
(b)  a person's interest in the goods, or
(c)  a person's interest in the place at or from which the goods are sold,

or any combination of those factors.

(2) The regulations may make provision for regulations under this Schedule to apply—
(a)  to all sellers of goods,
(b)  to sellers of goods named in the regulations,
(c)  to sellers of goods identified by reference to specified factors, or
(d)  to sellers of goods within paragraph (b) and sellers of goods within paragraph (c).

(3) The specified factors may include—
(a)  the place or places at or from which a seller supplies goods;
(b)  the type of goods that a seller supplies;
(c)  the value of goods that a seller supplies;
(d)  a seller's turnover or any part of that turnover;
(e)  the number of a seller's full-time equivalent employees.

(4) In this Schedule “specified” means specified in regulations under this Schedule.

[ (5) For the purposes of sub-paragraph (3)(e), the number of a seller's full-time equivalent employees
is calculated as follows—

Step 1
Find the number for full-time employees of the seller.
Step 2
Add, for each employee of the seller who is not a full-time employee, such fraction as is
just and reasonable.
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The result is the number of full-time equivalent employees.
] 2

] 1

Notes
1 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.4(2) (April 28, 2014)
2 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.4(3) (April 28, 2014)

Commencement

Sch. 6(1) para. 3(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(1) para. 3(1)-(4): England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force

England and Wales

4 Amount of charge
The regulations may specify the minimum amount that a seller must charge for each single use
carrier bag, or provide for that amount to be determined in accordance with the regulations.

Northern Ireland

[ 4 Amount of charge
The regulations may specify the minimum amount that a seller must charge for each carrier bag,
or provide for that amount to be determined in accordance with the regulations.
] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(a) (April 28, 2014)

Commencement

Sch. 6(1) para. 4: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))
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Extent

Sch. 6(1) para. 4: England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England | Northern Ireland | Wales

Partially In Force With Amendments Pending

England

[NOTE: not yet in force otherwise.]

Northern Ireland

[ 4A.— 

(1) This paragraph applies to regulations made by the Department in relation to Northern Ireland.

(2) The regulations may require the seller to pay to the Department—
(a)  the gross proceeds of the charge, or
(b)  the net proceeds of the charge.

[ (2A) The regulations may—
(a)  provide for the time when and manner in which the gross or net proceeds of the charge
are to be paid to the Department;
(b)  provide for the payment of interest for late payment of the gross or net proceeds of the
charge to the Department.

] 2

(3) Paragraph 7(3)(c) does not apply to any amount required by regulations made under this
paragraph to be paid to the Department.

(4) In this paragraph—
“the Department” means the Department of the Environment in Northern Ireland;
“gross proceeds of the charge” means the amount received by the seller by way of charges
for [ carrier bags ] 3 ;
“net proceeds of the charge” means the seller's gross proceeds of the charge reduced by
such amounts as may be specified.

] 1

Notes
1 Added by Single Use Carrier Bags Act (Northern Ireland) 2011 c. 26 s.1(1) (May 4, 2011)
2 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.5 (April 28, 2014)
3 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)
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Wales

[ 4A Destination of proceeds – Wales

(1) This paragraph applies to regulations made by the Welsh Ministers in relation to Wales.

(2) The regulations may provide for the application of the net proceeds of the charge to specified
purposes.

(3) Regulations under sub-paragraph (2) may (among other things)–
(a)  require sellers to apply the net proceeds of the charge to any one or more specified
purposes;
(b)  provide for any duty imposed under paragraph (a) to be discharged (subject to any
provision made under paragraph (c)) by the net proceeds of the charge being accepted by
any one or more of the following persons–

(i)  specified persons;
(ii)  persons who fall within a specified category of person;

(c)  make provision about the arrangements under which the net proceeds of the charge are
to be given by sellers to the persons mentioned in paragraph (b) or any other person;
(d)  require persons who accept any net proceeds of the charge under paragraph (b) to apply
the proceeds to any one or more specified purposes;
(e)  provide for recovery by the Welsh Ministers of sums equal to the proceeds of the charge
that have been accepted or applied otherwise than in accordance with provision made under
sub-paragraph (2);
(f)  provide for the application of sums recovered under paragraph (e) to specified purposes
(this includes making provision to the effect that such sums are not to be paid into the Welsh
Consolidated Fund);
(g)  require the Welsh Ministers to give guidance about compliance with the regulations.

(4) The purposes that may be specified under sub-paragraph (2) are limited to purposes relating to
any of the following–

(a)  preventing or reducing waste;
(b)  the collection, management, treatment or disposal of waste;
(c)  protecting or improving the environment in relation to pollution or nuisances;
(d)  educational or recreational activities for children or young people which relate to any
of the matters specified in paragraphs (a) to (c).

(5) But purposes concerning the production of renewable energy for consumption in transport or
the use of that energy in transport may not be specified under sub-paragraph (2).

(6) The regulations may make provision for regulations under this Schedule to apply to persons
other than sellers, if the Welsh Ministers consider that such provision is appropriate for the
enforcement of provision made under sub-paragraph (2) or for otherwise making such provision
effective.

(7) The specified factors under paragraph 3(2)(c) may also include–
(a)  a seller's arrangements for applying the net proceeds of the charge, or
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(b)  any other factor that the Welsh Ministers consider appropriate, whether or not that
factor is of the same kind as the factors listed in that paragraph.

(8) The regulations may provide for exceptions and exemptions.
] 1

Notes
1 Added by Waste (Wales) Measure 2010 c. 08 s.1(2) (February 15, 2011)

Amendments Pending

Sch. 6(1) para. 4A:  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(a) (date to be appointed)

Extent

Sch. 6(1) para. 4A(1)-(8): England, Wales, Northern Ireland 

Law In Force With Amendments Pending

[ 4B Interpretation of paragraph 4A

(1) This paragraph applies for the purposes of paragraph 4A.

(2) “Children” means persons who have not attained the age of 18.

(3) “Pollution” means pollution of the air, water or land which may give rise to any environmental
harm, including (but not limited to) pollution caused by light, noise, heat or vibrations or any other
kind of release of energy.

(4) For the purposes of the definition in sub-paragraph (3), “environmental harm” means any of
the following–

(a)  harm to the health of humans and other living organisms;
(b)  harm to the quality of the environment, including–

(i)  harm to the quality of the environment taken as a whole,
(ii)  harm to the quality of the air, water or land, and
(iii)  other impairment of, or interference with, the ecological systems of which any
living organisms form part;

(c)  offence to the senses of human beings;
(d)  damage to property;
(e)  impairment of, or interference with, the amenity of the environment or any legitimate
use of the environment.

(5) For the purposes of sub-paragraphs (3) and (4), “air” includes (but is not limited to) air within
buildings and air within other natural or man-made structures above or below ground.

(6) “Nuisance” means an act or omission affecting any place, or a state of affairs in any place,
which may impair, or interfere with, the amenity of the environment or any legitimate use of the
environment.

(7) “Net proceeds of the charge” has the same meaning as in paragraph 7(4).

(8) “Young people” means persons who have attained the age of 18, but not the age of 25.
] 1
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Notes
1 Added by Waste (Wales) Measure 2010 c. 08 s.1(2) (February 15, 2011)

Amendments Pending

Sch. 6(1) para. 4B:  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(a) (date to be appointed)

Extent

Sch. 6(1) para. 4B(1)-(8): England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force

England and Wales

5 Single use carrier bags
“Single use carrier bag” has the meaning given by the regulations, which may define that term by
reference (in particular) to—

(a)  a bag's size, thickness, construction, composition or other characteristics, or
(b)  its intended use,

or any combination of those factors.

Northern Ireland

[ 5 [ Carrier bags ] 2

[ (1) “Carrier bag” has the meaning given by the regulations, which may define that term by reference
(in particular) to—

(a)  a bag's size, thickness, construction, composition or other characteristics,
(b)  its intended use, or
(c)  its price,

or any combination of those factors.

(2) In this paragraph “price” means the price paid by a specified person, excluding any minimum
charge that may be applicable by virtue of paragraph 4. ] 3

] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(a) (April 28, 2014)
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2 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)
3 Existing Sch.6 para.5 renumbered as Sch.6 para.5(1), words are amended and Sch.6 para.5(1)(c) and (2) inserted

by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.6 (April 28, 2014)

Commencement

Sch. 6(1) para. 5(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(1) para. 5(a)-(b): England, Wales, Northern Ireland 

Law In Force

6 Administration

(1) The regulations may appoint a person (an “administrator”) to administer provision made by
regulations under this Schedule.

(2) More than one person may be appointed as administrator.

(3) The regulations may confer or impose powers or duties on an administrator and may (in
particular) do so—

(a)  by making modifications to any enactment applying to the administrator, or
(b)  by providing for any such enactment to apply, with or without modifications, for the
purposes of regulations under this Schedule.

(4) References in this Schedule to an administrator include a person appointed by an administrator.

Commencement

Sch. 6(1) para. 6(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(1) para. 6(1)-(4): England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force With Amendments Pending

England and Wales
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7 Record-keeping and publication of records

(1) The regulations may require records to be kept relating to charges made for single use carrier
bags.

(2) The regulations may require—
(a)  the records, or such other information as may be specified, to be published at such times
and in such manner as may be specified;
(b)  the records, or such other information as may be specified, to be supplied on request
and in such manner as may be specified to—

(i)  the relevant national authority,
(ii)  an administrator, or
(iii)  members of the public.

(3) The regulations may (in particular) require the publication or supply of records or information
relating to any of the following—

(a)  the amount received by a seller by way of charges for single use carrier bags;
(b)  the seller's gross or net proceeds of the charge;
(c)  the uses to which the net proceeds of the charge have been put.

[ (3A) Regulations made by the Welsh Ministers may also require the publication or supply of
records or information relating to the amount received by a person from a seller by way of net
proceeds of the charge to be applied to purposes specified under paragraph 4A(2). ] 1

(4) In this paragraph—
“gross proceeds of the charge” means the amount received by the seller by way of charges
for single use carrier bags;
“net proceeds of the charge” means the seller's gross proceeds of the charge reduced by
such amounts as may be specified.

Notes
1 Added by Waste (Wales) Measure 2010 c. 08 s.1(3) (February 15, 2011)

Northern Ireland

[ 7 Record-keeping and publication of records

(1) The regulations may require records to be kept relating to charges made for carrier bags.

(2) The regulations may require—
(a)  the records, or such other information as may be specified, to be published at such times
and in such manner as may be specified;
(b)  the records, or such other information as may be specified, to be supplied on request
and in such manner as may be specified to—

(i)  the relevant national authority,
(ii)  an administrator, or
(iii)  members of the public.
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(3) The regulations may (in particular) require the publication or supply of records or information
relating to any of the following—

(a)  the amount received by a seller by way of charges for carrier bags;
(b)  the seller's gross or net proceeds of the charge;
(c)   the uses to which the net proceeds of the charge have been put [ ; ] 2

[ (d)  payments of the gross or net proceeds of the charge made to the Department of the
Environment in Northern Ireland. ] 2

(3A) Regulations made by the Welsh Ministers may also require the publication or supply of records
or information relating to the amount received by a person from a seller by way of net proceeds of
the charge to be applied to purposes specified under paragraph 4A(2).

(4) In this paragraph—
“gross proceeds of the charge” means the amount received by the seller by way of charges
for carrier bags;
“net proceeds of the charge” means the seller's gross proceeds of the charge reduced by
such amounts as may be specified.

] 1

Notes
1 Words substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.1(b) (April 28, 2014)
2 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.7(2) (April 28, 2014)

Amendments Pending

Sch. 6(1) para. 7(3A):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(b) (date to be appointed)

Commencement

Sch. 6(1) para. 7(1)-(4) definition of "net proceeds of the charge": January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(1) para. 7(1)-(4) definition of "net proceeds of the charge": England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force With Amendments Pending

England and Wales

8 Enforcement

(1) The regulations may confer or impose powers or duties on an administrator to enforce provision
made by regulations under this Schedule.
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(2) The regulations may (in particular) confer powers on an administrator to—
(a)  require the production of documents or the provision of information, or
(b)  question a seller or officers or employees of a seller.

[ (2A) Regulations made by the Welsh Ministers may also confer powers on an administrator to
question a person the administrator reasonably believes has received any net proceeds of the charge
or officers or employees of such a person. ] 1

(3) Regulations under sub-paragraph (2) must contain provision for ensuring that the power in
question is exercised by a person only where the person reasonably believes there has been a failure
to comply with a requirement of regulations under this Schedule.

Notes
1 Added by Waste (Wales) Measure 2010 c. 08 s.1(4) (February 15, 2011)

Northern Ireland

[ 8 Enforcement

(1) The regulations may confer or impose powers or duties on an administrator to enforce provision
made by regulations under this Schedule.

(2) The regulations may (in particular) confer powers on an administrator to—
(a)  require the production of documents or the provision of information,
[ (aa)  inspect, retain or copy such documents, or ] 2

(b)  question a seller or officers or employees of a seller.

(2A) Regulations made by the Welsh Ministers may also confer powers on an administrator to
question a person the administrator reasonably believes has received any net proceeds of the charge
or officers or employees of such a person.

(3) […]3

] 1

Notes
1 Word repealed by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.7(3)(a) (April 28, 2014)
2 Added by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.7(3)(b) (April 28, 2014)
3 Repealed by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.7(3)(c) (April 28, 2014)

Amendments Pending

Sch. 6(1) para. 8(2A):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(c) (date to be appointed)

Commencement

Sch. 6(1) para. 8(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(1) para. 8(1)-(3): England, Wales, Northern Ireland 
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PART 2

CIVIL SANCTIONS

Law In Force

9 Civil sanctions

(1) The relevant national authority may make provision by regulations about civil sanctions for
breaches of regulations under this Schedule.

(2) For the purposes of this Schedule a person breaches regulations under this Schedule if, in such
circumstances as may be specified, the person—

(a)  fails to comply with a requirement made by or under the regulations, or
(b)  obstructs or fails to assist an administrator.

(3) In this Schedule “civil sanction” means—
(a)  a fixed monetary penalty (see paragraph 10), or
(b)  a discretionary requirement (see paragraph 12).

Commencement

Sch. 6(2) para. 9(1)-(3)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 9(1)-(3)(b): England, Wales, Northern Ireland 

Law In Force

10 Fixed monetary penalties

(1) The regulations may make provision conferring on an administrator the power by notice to
impose a fixed monetary penalty on a person who breaches regulations under this Schedule.

(2) The regulations may only confer such a power in relation to a case where the administrator is
satisfied on the balance of probabilities that the breach has occurred.

(3) For the purposes of this Schedule a “fixed monetary penalty” is a requirement to pay to an
administrator a penalty of an amount specified in or determined in accordance with the regulations.

(4) The regulations may not provide for the imposition of a fixed monetary penalty in excess of
£5,000.
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Commencement

Sch. 6(2) para. 10(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 10(1)-(4): England, Wales, Northern Ireland 

Law In Force

11 Fixed monetary penalties: procedure

(1) Provision under paragraph 10 must secure that—
(a)  where an administrator proposes to impose a fixed monetary penalty on a person, the
administrator must serve on that person a notice of what is proposed (a “notice of intent”)
that complies with sub-paragraph (2),
(b)  the notice of intent also offers the person the opportunity to discharge the person's
liability for the fixed monetary penalty by payment of a specified sum (which must be less
than or equal to the amount of the penalty),
(c)  if the person does not so discharge liability—

(i)  the person may make written representations and objections to the administrator
in relation to the proposed imposition of the fixed monetary penalty, and
(ii)  the administrator must at the end of the period for making representations and
objections decide whether to impose the fixed monetary penalty,

(d)  where the administrator decides to impose the fixed monetary penalty, the notice
imposing it (“the final notice”) complies with sub-paragraph (4), and
(e)  the person on whom a fixed monetary penalty is imposed may appeal against the decision
to impose it.

(2) To comply with this sub-paragraph the notice of intent must include information as to—
(a)  the grounds for the proposal to impose the fixed monetary penalty,
(b)  the effect of payment of the sum referred to in sub-paragraph (1)(b),
(c)  the right to make representations and objections,
(d)  the circumstances in which the administrator may not impose the fixed monetary penalty,
(e)  the period within which liability to the fixed monetary penalty may be discharged,
which may not exceed the period of 28 days beginning with the day on which the notice of
intent was received, and
(f)  the period within which representations and objections may be made, which may not
exceed the period of 28 days beginning with the day on which the notice of intent was
received.

(3) Provision pursuant to sub-paragraph (1)(c)(ii) must include provision for circumstances in which
the administrator may not decide to impose a fixed monetary penalty.

(4) To comply with this sub-paragraph the final notice referred to in sub-paragraph (1)(d) must
include information as to—

(a)  the grounds for imposing the penalty,
(b)  how payment may be made,
(c)  the period within which payment must be made,
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(d)  any early payment discounts or late payment penalties,
(e)  rights of appeal, and
(f)  the consequences of non-payment.

(5) Provision pursuant to sub-paragraph (1)(e) must secure that the grounds on which a person may
appeal against a decision of the administrator include the following—

(a)  that the decision was based on an error of fact;
(b)  that the decision was wrong in law;
(c)  that the decision was unreasonable.

Commencement

Sch. 6(2) para. 11(1)-(5)(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 11(1)-(5)(c): England, Wales, Northern Ireland 

Law In Force

12 Discretionary requirements

(1) The regulations may make provision conferring on an administrator the power by notice to
impose one or more discretionary requirements on a person who breaches regulations under this
Schedule.

(2) The regulations may only confer such a power in relation to a case where the administrator is
satisfied on the balance of probabilities that the breach has occurred.

(3) For the purposes of this Schedule a “discretionary requirement” means—
(a)  a requirement to pay a monetary penalty to an administrator of such amount as the
administrator may determine, or
(b)  a requirement to take such steps as an administrator may specify, within such period
as the administrator may specify, to secure that the breach does not continue or recur.

(4) In this Schedule—
“variable monetary penalty” means a requirement referred to in sub-paragraph (3)(a);
“non-monetary discretionary requirement” means a requirement referred to in sub-paragraph
(3)(b).

(5) The regulations must, in relation to each kind of breach of regulations under this Schedule for
which a variable monetary penalty may be imposed—

(a)  specify the maximum penalty that may be imposed for a breach of that kind, or
(b)  provide for that maximum to be determined in accordance with the regulations.

(6) The regulations may not permit discretionary requirements to be imposed on a person on more
than one occasion in relation to the same act or omission.
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Commencement

Sch. 6(2) para. 12(1)-(6): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 12(1)-(6): England, Wales, Northern Ireland 

Law In Force

13 Discretionary requirements: procedure

(1) Provision under paragraph 12 must secure that—
(a)  where an administrator proposes to impose a discretionary requirement on a person,
the administrator must serve on that person a notice of what is proposed (a “notice of intent”)
that complies with sub-paragraph (2),
(b)  that person may make written representations and objections to the administrator in
relation to the proposed imposition of the discretionary requirement,
(c)  after the end of the period for making such representations and objections, the
administrator must decide whether to—

(i)  impose the discretionary requirement, with or without modifications, or
(ii)  impose any other discretionary requirement that the administrator has power to
impose under paragraph 12,

(d)  where the administrator decides to impose a discretionary requirement, the notice
imposing it (the “final notice”) complies with sub-paragraph (4), and
(e)  the person on whom a discretionary requirement is imposed may appeal against the
decision to impose it.

(2) To comply with this sub-paragraph the notice of intent must include information as to—
(a)  the grounds for the proposal to impose the discretionary requirement,
(b)  the right to make representations and objections,
(c)  the circumstances in which the administrator may not impose the discretionary
requirement,
(d)  the period within which representations and objections may be made, which may not
be less than the period of 28 days beginning with the day on which the notice of intent is
received.

(3) Provision pursuant to sub-paragraph (1)(c) must include provision for circumstances in which
the administrator may not decide to impose a fixed monetary penalty.

(4) To comply with this sub-paragraph the final notice referred to in sub-paragraph (1)(d) must
include information as to—

(a)  the grounds for imposing the discretionary requirement,
(b)  where the discretionary requirement is a variable monetary penalty—

(i)  how payment may be made,
(ii)  the period within which payment must be made, and
(iii)  any early payment discounts or late payment penalties,

(c)  rights of appeal, and
(d)  the consequences of non-compliance.
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(5) Provision pursuant to sub-paragraph (1)(e) must secure that the grounds on which a person may
appeal against a decision of the administrator include the following—

(a)  that the decision was based on an error of fact;
(b)  that the decision was wrong in law;
(c)  in the case of a variable monetary penalty, that the amount of the penalty is unreasonable;
(d)  in the case of a non-monetary discretionary requirement, that the nature of the
requirement is unreasonable;
(e)  that the decision was unreasonable for any other reason.

Commencement

Sch. 6(2) para. 13(1)-(5)(e): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 13(1)-(5)(e): England, Wales, Northern Ireland 

Law In Force

14 Discretionary requirements: enforcement

(1) Provision under paragraph 12 may include provision for a person to pay a monetary penalty (a
“non-compliance penalty”) to an administrator if the person fails to comply with a non-monetary
discretionary requirement imposed on the person.

(2) Provision under sub-paragraph (1) may—
(a)  specify the amount of the non-compliance penalty or provide for that amount to be
determined in accordance with the regulations, or
(b)  provide for the amount to be determined by the administrator or in some other way.

(3) If the regulations make provision within sub-paragraph (2)(b), they must, in relation to each
kind of failure for which a non-compliance penalty may be imposed—

(a)  specify the maximum penalty that may be imposed for a failure of that kind, or
(b)  provide for that maximum to be determined in accordance with the regulations.

(4) Provision under sub-paragraph (1) must secure that—
(a)  the non-compliance penalty is imposed by notice served by the administrator, and
(b)  the person on whom it is imposed may appeal against that notice.

(5) Provision pursuant to paragraph (b) of sub-paragraph (4) must secure that the grounds on which
a person may appeal against a notice referred to in that sub-paragraph include the following—

(a)  that the decision to serve the notice was based on an error of fact;
(b)  that the decision was wrong in law;
(c)  that the decision was unfair or unreasonable for any reason (including, in a case where
the amount of the non-compliance penalty was determined by the administrator, that the
amount is unreasonable).

Climate Change Act 2008  Page 131

158  



Commencement

Sch. 6(2) para. 14(1)-(5)(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 14(1)-(5)(c): England, Wales, Northern Ireland 

Law In Force

15 Combination of sanctions

(1) Provision may not be made under paragraphs 10 and 12 conferring powers on an administrator
in relation to the same kind of breach of regulations under this Schedule unless it complies with
the following requirements.

(2) The provision must secure that the administrator may not serve a notice of intent referred to in
paragraph 11(1)(a) on a person in relation to a breach where a discretionary requirement has been
imposed on that person in relation to the same breach.

(3) Such provision must secure that the administrator may not serve a notice of intent referred to
in paragraph 13(1)(a) on a person in relation to a breach where—

(a)  a fixed monetary penalty has been imposed on that person in relation to the same breach,
or
(b)  the person has discharged liability to a fixed monetary penalty in relation to that breach
pursuant to paragraph 11(1)(b).

Commencement

Sch. 6(2) para. 15(1)-(3)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 15(1)-(3)(b): England, Wales, Northern Ireland 

Law In Force

16 Monetary penalties

(1) If the regulations confer power on an administrator to require a person to pay a fixed monetary
penalty, a variable monetary penalty or a non-compliance penalty under paragraph 14(1), they may
include provision—

(a)  for early payment discounts;
(b)  for the payment of interest or other financial penalties for late payment of the penalty,
such interest or other financial penalties not in total to exceed the amount of that penalty;
(c)  for enforcement of the penalty.

(2) Provision under sub-paragraph (1)(c) may include—
(a)  provision for the administrator to recover the penalty, and any interest or other financial
penalty for late payment, as a civil debt;
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(b)  provision for the penalty, and any interest or other financial penalty for late payment
to be recoverable, on the order of a court, as if payable under a court order.

Commencement

Sch. 6(2) para. 16(1)-(2)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 16(1)-(2)(b): England, Wales, Northern Ireland 

Law In Force

17 Costs recovery

(1) Provision under paragraph 12 may include provision for an administrator, by notice, to require
a person on whom a discretionary requirement is imposed to pay the costs incurred by the
administrator in relation to the imposition of the discretionary requirement up to the time of its
imposition.

(2) In sub-paragraph (1), the reference to costs includes in particular—
(a)  investigation costs;
(b)  administration costs;
(c)  costs of obtaining expert advice (including legal advice).

(3) Provision under this paragraph must secure that, in any case where a notice requiring payment
of costs is served—

(a)  the notice specifies the amount required to be paid;
(b)  the administrator may be required to provide a detailed breakdown of that amount;
(c)  the person required to pay costs is not liable to pay any costs shown by the person to
have been unnecessarily incurred;
(d)  the person required to pay costs may appeal against—

(i)  the decision of the administrator to impose the requirement to pay costs;
(ii)  the decision of the administrator as to the amount of those costs.

(4) Provision under this paragraph may include the provision referred to in paragraph 16(1)(b) and
(c) and (2).

(5) Provision under this paragraph must secure that the administrator is required to publish guidance
about how the administrator will exercise the power conferred by the provision.

Commencement

Sch. 6(2) para. 17(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 17(1)-(5): England, Wales, Northern Ireland 

Climate Change Act 2008  Page 133

160  



Law In Force

18 Appeals

(1) The regulations may not provide for the making of an appeal other than to—
(a)  the First-tier Tribunal, or
(b)  another tribunal created under an enactment.

(2) In sub-paragraph (1)(b) “tribunal” does not include an ordinary court of law.

(3) If the regulations make provision for an appeal in relation to the imposition of any requirement
or service of any notice, they may include—

(a)  provision suspending the requirement or notice pending determination of the appeal;
(b)  provision as to the powers of the tribunal to which the appeal is made;
(c)  provision as to how any sum payable in pursuance of a decision of that tribunal is to
be recoverable.

(4) The provision referred to in sub-paragraph (3)(b) includes provision conferring on the tribunal
to which the appeal is made power—

(a)  to withdraw the requirement or notice;
(b)  to confirm the requirement or notice;
(c)  to take such steps as the administrator could take in relation to the act or omission giving
rise to the requirement or notice;
(d)  to remit the decision whether to confirm the requirement or notice, or any matter relating
to that decision, to the administrator;
(e)  to award costs.

Commencement

Sch. 6(2) para. 18(1)-(4)(e): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 18(1)-(4)(e): England, Wales, Northern Ireland 

Law In Force

19 Publicity for imposition of civil sanctions

(1) The regulations may make provision enabling an administrator to give a publicity notice to a
person on whom a civil sanction has been imposed in accordance with regulations under this
Schedule.

(2) A “publicity notice” is a notice requiring the person to publicise—
(a)  the fact that the civil sanction has been imposed, and
(b)  such other information as may be specified in the regulations,

in such manner as may be specified in the notice.

(3) The regulations may provide for a publicity notice to—
(a)  specify the time for compliance with the notice, and
(b)  require the person to whom it is given to supply an administrator with evidence of
compliance within such time as may be specified in the notice.
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(4) The regulations may provide that, if a person fails to comply with a publicity notice, an
administrator may—

(a)  publicise the information required to be publicised by the notice, and
(b)  recover the costs of doing so from that person.

Commencement

Sch. 6(2) para. 19(1)-(4)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 19(1)-(4)(b): England, Wales, Northern Ireland 

Law In Force

20 Persons liable to civil sanctions
The regulations may make provision about the persons liable to civil sanctions under regulations
under this Schedule and may (in particular) provide for—

(a)  the officers of a body corporate to be so liable as well the body corporate itself, and
(b)  for the partners of a partnership to be liable as well as the partnership itself,

in such circumstances as may be specified.

Commencement

Sch. 6(2) para. 20(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 20(a)-(b): England, Wales, Northern Ireland 

Law In Force

21 Guidance as to use of civil sanctions

(1) Where power is conferred on an administrator by the regulations to impose a civil sanction in
relation to a breach of regulations under this Schedule, the provision conferring the power must
secure that—

(a)  the administrator must publish guidance about the administrator's use of the civil sanction,
(b)  the guidance must contain the relevant information,
(c)  the administrator must revise the guidance where appropriate,
(d)  the administrator must consult such persons as the provision may specify before
publishing any guidance or revised guidance, and
(e)  the administrator must have regard to the guidance or revised guidance in exercising
the administrator's functions.

(2) In the case of guidance relating to a fixed monetary penalty, the relevant information referred
to in sub-paragraph (1)(b) is information as to—

(a)  the circumstances in which the penalty is likely to be imposed,
(b)  the circumstances in which it may not be imposed,
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(c)  the amount of the penalty,
(d)  how liability for the penalty may be discharged and the effect of discharge, and
(e)  rights to make representations and objections and rights of appeal.

(3) In the case of guidance relating to a discretionary requirement, the relevant information referred
to in sub-paragraph (1)(b) is information as to—

(a)  the circumstances in which the requirement is likely to be imposed,
(b)  the circumstances in which it may not be imposed,
(c)  in the case of a variable monetary penalty, the matters likely to be taken into account
by the administrator in determining the amount of the penalty (including, where relevant,
any discounts for voluntary reporting of non-compliance), and
(d)  rights to make representations and objections and rights of appeal.

Commencement

Sch. 6(2) para. 21(1)-(3)(d): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 21(1)-(3)(d): England, Wales, Northern Ireland 

Law In Force

22 Publication of enforcement action

(1) Where power is conferred on an administrator by the regulations to impose a civil sanction in
relation to a breach of regulations under this Schedule, the provision conferring the power must,
subject to this paragraph, secure that the administrator must from time to time publish reports
specifying—

(a)  the cases in which the civil sanction has been imposed, and
(b)  where the civil sanction is a fixed monetary penalty, the cases in which liability to the
penalty has been discharged pursuant to paragraph 11(1)(b).

(2) In sub-paragraph (1)(a), the reference to cases in which the civil sanction has been imposed do
not include cases where the sanction has been imposed but overturned on appeal.

(3) The provision conferring the power need not secure the result in sub-paragraph (1) in cases
where the relevant authority considers that it would be inappropriate to do so.

Commencement

Sch. 6(2) para. 22(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 22(1)-(3): England, Wales, Northern Ireland 
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Law In Force

23 Compliance with regulatory principles
A relevant national authority may not make any provision conferring power on an administrator
to impose a civil sanction in relation to a breach of regulations under this Schedule unless the
authority is satisfied that the administrator will act in accordance with the principles that—

(a)  regulatory activities should be carried out in a way that is transparent, accountable,
proportionate and consistent;
(b)  regulatory activities should be targeted only at cases in which action is needed.

Commencement

Sch. 6(2) para. 23(a)-(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 23(a)-(b): England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force With Amendments Pending

England and Wales

24 Review

(1) A relevant national authority must in accordance with this paragraph review the operation of
any provision made by the authority conferring power on an administrator to impose a civil sanction
in relation to a breach of regulations under this Schedule.

(2) The review must take place as soon as practicable after the end of the period of three years
beginning with the day on which the provision comes into force.

(3) The review must in particular consider whether the provision has implemented its objectives
efficiently and effectively.

(4) In conducting a review under this paragraph the relevant national authority must consult such
persons as the authority considers appropriate.

(5) The relevant national authority must publish the results of a review under this section.

(6) The relevant national authority must lay a copy of a review under this paragraph before—
(a)  Parliament (where the relevant national authority is the Secretary of State);
(b)  the National Assembly for Wales (where the relevant national authority is the Welsh
Ministers);
(c)  the Northern Ireland Assembly (where the relevant national authority is the Department
of the Environment in Northern Ireland).
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Northern Ireland

[ 24 Review

(1) A relevant national authority must in accordance with this paragraph review the operation of
any provision made by the authority conferring power on an administrator to impose a civil sanction
in relation to a breach of regulations under this Schedule.

(2) The review must take place as soon as practicable after the end of the period of three years
beginning with the day on which the provision comes into force.

(3) The review must in particular consider whether the provision has implemented its objectives
efficiently and effectively.

(4) In conducting a review under this paragraph the relevant national authority must consult such
persons as the authority considers appropriate.

(5) The relevant national authority must publish the results of a review under this paragraph.

(6) […]2

] 1

Notes
1 Word substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.8(2)(a) (April 28, 2014)
2 Repealed by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.8(2)(b) (April 28, 2014)

Amendments Pending

Sch. 6(2) para. 24(6)(b):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(d) (date to be
appointed)

Commencement

Sch. 6(2) para. 24(1)-(6)(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 24(1)-(6)(c): England, Wales, Northern Ireland 

The text of this provision varies depending on jurisdiction or other application. See parallel texts relating to:

England and Wales | Northern Ireland

Law In Force With Amendments Pending

England and Wales
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25 Suspension

(1) Where provision has been made by a relevant national authority conferring power on an
administrator to impose a civil sanction in relation to a breach of regulations under this Schedule,
the authority may direct the administrator—

(a)  where the power is power to impose a fixed monetary penalty, not to serve any further
notice of intent referred to in paragraph 11(1)(a) in relation to a breach of that kind, and
(b)  where the power is power to impose a discretionary requirement, not to serve any further
notice of intent referred to in paragraph 13(1)(a) in relation to a breach of that kind.

(2) The relevant national authority may only give a direction under sub-paragraph (1) in relation
to a breach of regulations under this Schedule if it is satisfied that the administrator has failed on
more than one occasion—

(a)  to comply with any duty imposed on it under or by virtue of this Schedule in relation
to a breach of that kind,
(b)  to act in accordance with the guidance it has published in relation to a breach of that
kind (in particular, the guidance published under paragraph 21), or
(c)  to act in accordance with the principles referred to in paragraph 23 or with other
principles of best practice in relation to the enforcement of a breach of that kind.

(3) The relevant national authority may by direction revoke a direction given by it under
sub-paragraph (1) if satisfied that the administrator has taken the appropriate steps to remedy the
failure to which that direction related.

(4) Before giving a direction under sub-paragraph (1) or (3) the relevant national authority must
consult—

(a)  the administrator, and
(b)  such other persons as the authority considers appropriate.

(5) Where the relevant national authority gives a direction under this section, the authority must
lay a copy before—

(a)  Parliament (where the relevant national authority is the Secretary of State);
(b)  the National Assembly for Wales (where the relevant national authority is the Welsh
Ministers);
(c)  the Northern Ireland Assembly (where the relevant national authority is the Department
of the Environment in Northern Ireland).

(6) Where the relevant national authority gives a direction under this section, the administrator
must—

(a)  publish the direction in such manner as the authority thinks fit, and
(b)  take such other steps as the administrator thinks fit or the authority may require to bring
the direction to the attention of other persons likely to be affected by it.

Northern Ireland
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[ 25 Suspension

(1) Where provision has been made by a relevant national authority conferring power on an
administrator to impose a civil sanction in relation to a breach of regulations under this Schedule,
the authority may direct the administrator—

(a)  where the power is power to impose a fixed monetary penalty, not to serve any further
notice of intent referred to in paragraph 11(1)(a) in relation to a breach of that kind, and
(b)  where the power is power to impose a discretionary requirement, not to serve any further
notice of intent referred to in paragraph 13(1)(a) in relation to a breach of that kind.

(2) The relevant national authority may only give a direction under sub-paragraph (1) in relation
to a breach of regulations under this Schedule if it is satisfied that the administrator has failed on
more than one occasion—

(a)  to comply with any duty imposed on it under or by virtue of this Schedule in relation
to a breach of that kind,
(b)  to act in accordance with the guidance it has published in relation to a breach of that
kind (in particular, the guidance published under paragraph 21), or
(c)  to act in accordance with the principles referred to in paragraph 23 or with other
principles of best practice in relation to the enforcement of a breach of that kind.

(3) The relevant national authority may by direction revoke a direction given by it under
sub-paragraph (1) if satisfied that the administrator has taken the appropriate steps to remedy the
failure to which that direction related.

(4) Before giving a direction under sub-paragraph (1) or (3) the relevant national authority must
consult—

(a)  the administrator, and
(b)  such other persons as the authority considers appropriate.

(5) Where the relevant national authority gives a direction under this section, the authority must
lay a copy before—

(a)  Parliament (where the relevant national authority is the Secretary of State);
(b)  the National Assembly for Wales (where the relevant national authority is the Welsh
Ministers);
(c)  the Northern Ireland Assembly (where the relevant national authority is the Department
of the Environment in Northern Ireland).

(6) Where the relevant national authority gives a direction under this paragraph, the administrator
must—

(a)  publish the direction in such manner as the authority thinks fit, and
(b)  take such other steps as the administrator thinks fit or the authority may require to bring
the direction to the attention of other persons likely to be affected by it.

] 1

Notes
1 Word substituted by Carrier Bags Act (Northern Ireland) 2014 c. 7 s.8(3) (April 28, 2014)

Amendments Pending

Sch. 6(2) para. 25(5)(b):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(e) (date to be
appointed)
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Commencement

Sch. 6(2) para. 25(1)-(6)(b): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 25(1)-(6)(b): England, Wales, Northern Ireland 

Law In Force With Amendments Pending

26 Payment of penalties into Consolidated Fund

(1) Where pursuant to any provision made under this Schedule an administrator receives—
(a)  a fixed monetary penalty, a variable monetary penalty or a non-compliance penalty
under paragraph 14,
(b)  any interest or other financial penalty for late payment of such a penalty, or
(c)  a sum paid in discharge of liability to a fixed monetary penalty pursuant to paragraph
11(1)(b),

the administrator must pay it into the relevant Fund.

(2) In sub-paragraph (1) “relevant Fund” means—
(a)  in a case where the administrator has functions only in relation to Wales, the Welsh
Consolidated Fund,
(b)  in a case where the administrator has functions only in relation to Northern Ireland, the
Northern Ireland Consolidated Fund, and
(c)  in any other case, the Consolidated Fund.

Amendments Pending

Sch. 6(2) para. 26(2)(a):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(f) (date to be
appointed)

Commencement

Sch. 6(2) para. 26(1)-(2)(c): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(2) para. 26(1)-(2)(c): England, Wales, Northern Ireland 

PART 3

PROCEDURES APPLYING TO REGULATIONS
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Law In Force With Amendments Pending

27 Regulations made by a single authority

(1) This paragraph applies in relation to an instrument containing regulations under this Schedule
made by a single national authority.

(2) Where the instrument contains regulations that—
(a)  are to be made by the Secretary of State, and
(b)  are subject to affirmative resolution procedure,

the regulations must not be made unless a draft of the statutory instrument containing them has
been laid before and approved by a resolution of each House of Parliament.

(3) Where the instrument contains regulations that—
(a)  are to be made by a national authority other than the Secretary of State, and
(b)  are subject to affirmative resolution procedure,

the regulations must not be made unless a draft of the statutory instrument containing them has
been laid before and approved by a resolution of the relevant devolved legislature.

(4) An instrument containing regulations made by the Secretary of State that are subject to negative
resolution procedure is subject to annulment in pursuance of a resolution of either House of
Parliament.

(5) An instrument containing regulations made by the Welsh Ministers that are subject to negative
resolution procedure is subject to annulment in pursuance of a resolution of the National Assembly
for Wales.

(6) An instrument containing regulations made by the Department of the Environment in Northern
Ireland that are subject to negative resolution procedure is subject to negative resolution within the
meaning of section 41(6) of the Interpretation Act (Northern Ireland) 1954 (c. 33 (N.I.)) as if it
were a statutory instrument within the meaning of that Act.

(7) Any provision that may be made by regulations subject to negative resolution procedure may
be made by regulations subject to affirmative resolution procedure.

Amendments Pending

Sch. 6(3) para. 27(5):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(g) (date to be appointed)

Commencement

Sch. 6(3) para. 27(1)-(7): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(3) para. 27(1)-(7): England, Wales, Northern Ireland 

Law In Force With Amendments Pending

28 Regulations made by two or more national authorities

(1) This paragraph applies in relation to an instrument containing regulations under this Schedule
made or to be made by any two or more of—

(a)  the Secretary of State,
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(b)  the Welsh Ministers, and
(c)  the Department of the Environment in Northern Ireland.

(2) If any of the regulations are subject to affirmative resolution procedure, all of them are subject
to that procedure.

(3) Sub-paragraphs (2) to (6) of paragraph 27 apply to the instrument as they apply to an instrument
containing regulations made by a single national authority.

(4) If in accordance with that paragraph—
(a)  either House of Parliament resolves that an address be presented to Her Majesty praying
that an instrument containing regulations made by the Secretary of State be annulled, or
(b)  a devolved legislature resolves that an instrument containing regulations made by a
national authority be annulled,

nothing further is to be done under the instrument after the date of the resolution and Her Majesty
may by Order in Council revoke the instrument.

(5) This is without prejudice to the validity of anything previously done under the instrument or to
the making of a new instrument.

(6) This paragraph applies in place of provision made by any other enactment about the effect of
such a resolution.

Amendments Pending

Sch. 6(3) para. 28:  words substituted by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(h) (date to be
appointed)

Sch. 6(3) para. 28(1):  words repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(i)(i) (date to
be appointed)

Sch. 6(3) para. 28(1)(b):  repealed by Environment (Wales) Act 2016 anaw. 3 Sch. 2(2) para. 12(4)(i)(ii) (date to be
appointed)

Commencement

Sch. 6(3) para. 28(1)-(6): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(3) para. 28(1)-(6): England, Wales, Northern Ireland 

Law In Force

29 Hybrid instruments
If a draft of an instrument containing regulations under this Schedule would, apart from this
paragraph, be treated for the purposes of the standing orders of either House of Parliament as a
hybrid instrument, it is to proceed in that House as if it were not such an instrument.
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Commencement

Sch. 6(3) para. 29: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 6(3) para. 29: England, Wales, Northern Ireland 

SCHEDULE 7

RENEWABLE TRANSPORT FUEL OBLIGATIONS

Section 78

Law In Force

1 Introductory
Chapter 5 of Part 2 of the Energy Act 2004 (c. 20) (renewable transport fuel obligations) is amended
as follows.

Commencement

Sch. 7 para. 1: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 7 para. 1: United Kingdom 

Law In Force

2 The Administrator
For section 125 (the Administrator) substitute—

“125   Appointment of the Administrator

(1) For the purposes of provision made by or under this Chapter, an RTF order may—
(a)  establish a body corporate, and
(b)  appoint that body as the Administrator.

(2) An RTF order may—
(a)  make provision for the appointment of members of the body;
(b)  make provision in relation to the staffing of the body;
(c)  make provision in relation to the expenditure of the body;
(d)  make provision regulating the procedure of the body;
(e)  make any other provision that the Secretary of State considers appropriate for
purposes connected with the establishment and maintenance of the body.
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(3) The provision that may be made by an RTF order by virtue of this section includes, in
particular, provision conferring discretions on—

(a)  the Secretary of State;
(b)  the body itself; or
(c)  members or staff of the body.

125A   General functions of the Administrator

(1) An RTF order may—
(a)  confer or impose powers and duties on the Administrator for purposes connected
with the implementation of provision made by or under this Chapter;
(b)  confer discretions on the Administrator in relation to the making of
determinations under such an order and otherwise in relation to the Administrator's
powers and duties; and
(c)  impose duties on transport fuel suppliers for purposes connected with the
Administrator's powers and duties (including, in particular, duties framed by reference
to determinations made by the Administrator).

(2) It is the duty of the Administrator to promote the supply of renewable transport fuel
whose production, supply or use—

(a)  causes or contributes to the reduction of carbon emissions, and
(b)  contributes to sustainable development or the protection or enhancement of the
environment generally.

125B   Functions of the Administrator: supplementary

(1) The powers that may be conferred on the Administrator by virtue of section 125A(1)
include, in particular—

(a)  power to require a transport fuel supplier to provide the Administrator with such
information as the Administrator may require for purposes connected with the
carrying out of the Administrator's functions;
(b)  power to impose requirements as to the form in which such information must
be provided and as to the period within which it must be provided;
(c)  power to imposes charges of specified amounts on transport fuel suppliers.

(2) The Secretary of State may give written directions to the Administrator about the exercise
of any power conferred on the Administrator by virtue of subsection (1)(a) or (b).

(3) The power to give directions under subsection (2) includes power to vary or revoke the
directions.

(4) The Administrator must comply with any directions given under that subsection.

(5) Sums received by the Administrator by virtue of provision within subsection (1)(c)—
(a)  where the Administrator is the Secretary of State, must be paid into the
Consolidated Fund, and
(b)  otherwise, must be used for the purpose of meeting costs incurred in carrying
out the Administrator's functions.
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(6) The Secretary of State may make grants to the Administrator on such terms as the
Secretary of State may determine.

125C   Transfer of functions to new Administrator

(1) The Secretary of State may by order—
(a)  appoint a person as the Administrator (“the new Administrator”) in place of a
person previously so appointed by order under this Chapter (“the old Administrator”),
and
(b)  provide for the transfer of the functions of the old Administrator to the new
Administrator.

(2) Only the following persons may be appointed as the Administrator by order under this
section—

(a)  the Secretary of State;
(b)  a body or other person established or appointed by or under any enactment to
carry out other functions;
(c)  a body corporate established by the order for appointment as the Administrator.

(3) An order under this section that establishes a body for appointment as the Administrator
may make any provision that may be made by an RTF order by virtue of section 125.

(4) An order under this section may provide for the transfer of staff of the old Administrator,
and of any property, rights or liabilities to which the old Administrator is entitled or subject,
to the new Administrator and may, in particular—

(a)  provide for the transfer of any property, rights or liabilities to have effect subject
to exceptions or reservations specified in or determined under the order;
(b)  provide for the creation of interests in, or rights over, property transferred or
retained or for the creation of new rights and liabilities;
(c)  provide for the order to have effect in spite of anything that would prevent or
restrict the transfer of the property, rights or liabilities otherwise than by the order.

(5) The order may, in particular—
(a)  provide for anything done by or in relation to the old Administrator to have
effect as if done by or in relation to the new Administrator;
(b)  permit anything (which may include legal proceedings) which is in the process
of being done by or in relation to the old Administrator when the transfer takes effect
to be continued by or in relation to the new Administrator;
(c)  provide for a reference to the old Administrator in an instrument or other
document to be treated as a reference to the new Administrator;
(d)  where the old Administrator was established by order under this Chapter, make
provision for the dissolution of the old Administrator;
(e)  make such modifications of any enactment relating to the old Administrator or
the new Administrator as the Secretary of State considers appropriate for the purpose
of facilitating the transfer.

(6) An order under this section that provides for the transfer of staff of the old Administrator
to the new Administrator must make provision for the Transfer of Undertakings (Protection
of Employment) Regulations 2006 to apply to the transfer.
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(7) Subject to subsection (8), an order under this section is subject to the negative resolution
procedure.

(8) The power to make an order under this section is subject to the affirmative resolution
procedure if the order—

(a)  contains provision by virtue of subsection (2)(c), or
(b)  makes any modification of an enactment contained in—

(i)  an Act of Parliament,
(ii)  an Act of the Scottish Parliament,
(iii)  a Measure or Act of the National Assembly for Wales, or
(iv)  Northern Ireland legislation.”.

Commencement

Sch. 7 para. 2: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 7 para. 2: United Kingdom 

Law In Force

3 Determination of amounts of transport fuel
In section 126 (determination of amounts of transport fuel), after subsection (4) insert—

“(5) If an RTF order makes provision for the counting or determination of amounts of
transport fuel for the purposes of provision made by or under this Chapter by reference to
any document, it may provide for references to the document to have effect as references
to it as revised or re-issued from time to time.

(6) The Secretary of State may give written directions to the Administrator about the exercise
of any of the Administrator's functions in connection with the counting or determination of
amounts of transport fuel for the purposes of provision made by or under this Chapter.

(7) The power to give directions under subsection (6) includes power to vary or revoke the
directions.

(8) The Administrator must comply with any directions given under that subsection.”.

Commencement

Sch. 7 para. 3: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 7 para. 3: United Kingdom 
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Law In Force

4 Discharge of obligation by payment
In section 128 (discharge of obligation by payment), for subsections (6) and (7) substitute—

“(6) Where the Administrator is the Secretary of State—
(a)  sums received by the Administrator by virtue of this section must be paid into
the Consolidated Fund, and
(b)  an RTF order may make provision for sums to be paid by the Administrator to
transport fuel suppliers, or to transport fuel suppliers of a specified description, in
accordance with the specified system of allocation.

(7) Such an order must contain provision ensuring that the total of the sums so paid by the
Administrator does not at any time exceed the total of the sums so received by the
Administrator up to that time.

(8) Where the Administrator is a person other than the Secretary of State, an RTF order
may—

(a)  require the Administrator to use, to the specified extent, sums received by the
Administrator by virtue of this section for the purpose of meeting costs incurred in
carrying out the Administrator's functions, or
(b)  require the Administrator to pay, to the specified extent, sums so received to
the Secretary of State.

(9) Sums so received which are not dealt with in accordance with provision made under
subsection (8) must be paid by the Administrator to transport fuel suppliers, or to transport
fuel suppliers of a specified description, in accordance with the specified system of allocation.

(10) The Secretary of State must pay sums received by the Secretary of State by virtue of
provision made under subsection (8)(b) into the Consolidated Fund.”.

Commencement

Sch. 7 para. 4: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 7 para. 4: United Kingdom 

Law In Force

5 Civil penalties
In section 129 (imposition of civil penalties), for subsection (7) substitute—

“(7) Sums received by the Administrator by virtue of this section—
(a)  where the Administrator is the Secretary of State, must be paid into the
Consolidated Fund, and
(b)  otherwise, must be paid to the Secretary of State, who must pay them into the
Consolidated Fund.”.
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Commencement

Sch. 7 para. 5: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 7 para. 5: United Kingdom 

Law In Force

6 Disclosure of information
After section 131 insert—

“131A   Disclosure of information held by Revenue and Customs

(1) This section applies to information held by or on behalf of the Commissioners for Her
Majesty's Revenue and Customs in connection with their functions under or by virtue of
the Hydrocarbon Oil Duties Act 1979.

(2) Such information may be disclosed to—
(a)  the Administrator, or
(b)  an authorised person,

for the purposes of or in connection with the Administrator's functions.

(3) In this Chapter “authorised person” means a person who—
(a)  provides services to, or exercises functions on behalf of, the Administrator, and
(b)  is authorised by the Administrator to receive information to which this section
applies.

(4) The Administrator may authorise such a person to receive information to which this
section applies either generally or for a specific purpose.

131B   Further disclosure of information

(1) This section applies to information disclosed under section 131A, other than information
which is also provided to the Administrator or an authorised person otherwise than under
that section.

(2) Information to which this section applies may not be disclosed—
(a)  by the Administrator,
(b)  by an authorised person, or
(c)  by any other person who obtains it in the course of providing services to, or
exercising functions on behalf of, the Administrator,

except as permitted by the following provisions of this section.

(3) Subsection (2) does not apply to a disclosure made—
(a)  by the Administrator to an authorised person,
(b)  by an authorised person to the Administrator, or
(c)  by an authorised person to another authorised person,
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for the purposes of, or in connection with, the discharge of the Administrator's functions.

(4) Subsection (2) does not apply to a disclosure if it is—
(a)  authorised by an enactment,
(b)  made in pursuance of an order of a court,
(c)  made for the purposes of a criminal investigation or criminal proceedings
(whether or not within the United Kingdom) relating to a matter in respect of which
the Administrator has functions,
(d)  made for the purposes of civil proceedings (whether or not within the United
Kingdom) relating to a matter in respect of which the Administrator has functions,
(e)  made with the consent of the Commissioners for Her Majesty's Revenue and
Customs, or
(f)  made with the consent of each person to whom the information relates.

131C   Wrongful disclosure

(1) A person commits an offence if—
(a)  he discloses information about a person in contravention of section 131B(2),
and
(b)  the person's identity is specified in the disclosure or can be deduced from it.

(2) In subsection (1) “information about a person” means revenue and customs information
relating to a person within the meaning of section 19(2) of the Commissioners for Revenue
and Customs Act 2005 (wrongful disclosure).

(3) It is a defence for a person charged with an offence under this section to prove that he
reasonably believed—

(a)  that the disclosure was lawful, or
(b)  that the information had already and lawfully been made available to the public.

(4) A person guilty of an offence under this section is liable—
(a)  on conviction on indictment, to imprisonment for a term not exceeding two
years or a fine or both, or
(b)  on summary conviction, to imprisonment for a term not exceeding twelve months
or a fine not exceeding the statutory maximum or both.

(5) A prosecution for an offence under this section—
(a)  may be brought in England and Wales only with the consent of the Director of
Public Prosecutions;
(b)  may be brought in Northern Ireland only with the consent of the Director of
Public Prosecutions for Northern Ireland.

(6) In the application of this section—
(a)  in England and Wales, in relation to an offence committed before the
commencement of section 154(1) of the Criminal Justice Act 2003, or
(b)  in Northern Ireland,

the reference in subsection (4)(b) to twelve months is to be read as a reference to six
months.”.
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Commencement

Sch. 7 para. 6: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 7 para. 6: United Kingdom 

Law In Force

7 Interpretation

(1) Section 132(1) (interpretation of Chapter 5 of Part 2) is amended as follows.

(2) For the definition of “Administrator” substitute—

““Administrator” means the person for the time being appointed as the Administrator
by order under this Chapter;”.

(3) In the appropriate place insert—

““authorised person” has the meaning given by section 131A(3);”;
““enactment” includes—

(a)  an enactment contained in subordinate legislation,
(b)  an enactment contained in, or in an instrument made under, an Act of
the Scottish Parliament,
(c)  an enactment contained in, or in an instrument made under, Northern
Ireland legislation, and
(d)  an enactment contained in, or in an instrument made under, a Measure
or Act of the National Assembly for Wales;”.

(4) In section 196(1) of the Energy Act 2004 (c. 20) (general interpretation), in the definition of
“enactment”, after ““enactment”” insert “(except in Chapter 5 of Part 2)”.

Commencement

Sch. 7 para. 7(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 7 para. 7(1)-(4): United Kingdom 

SCHEDULE 8

CARBON EMISSIONS REDUCTION TARGETS

Section 79
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Gas Act 1986 (c. 44)

Law In Force

1 

(1) Section 33BC of the Gas Act 1986 (promotion of reductions in carbon emissions: gas transporters
and gas suppliers) is amended as follows.

(2) After subsection (1) insert—

“(1A) The power to make orders under this section may be exercised so as to impose more
than one carbon emissions reduction obligation on a person in relation to the same period
or to periods that overlap to any extent.”.

(3) In subsection (5) (provision that may be made by an order under section 33BC in relation to
the obligations it imposes), after paragraph (b) insert—

“(ba)  requiring the whole or any part of a carbon emissions reductions target to be
met by action relating to—

(i)  persons of a specified description,
(ii)  specified areas or areas of a specified description, or
(iii)  persons of a specified description in specified areas or areas of a
specified description;”.

(4) In subsection (13) (interpretation), at the appropriate place insert—

““specified” means specified in the order.”.

Commencement

Sch. 8 para. 1(1)-(4): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 8 para. 1(1)-(4): England, Wales, Scotland 

Electricity Act 1989 (c. 29)

Law In Force

2 
In section 6(9) of the Electricity Act 1989 (definition of “electricity distributor” and “electricity
supplier”), at the appropriate place insert—

““electricity generator” means any person who is authorised by a generation licence
to generate electricity except where that person is acting otherwise than for purposes
connected with the carrying on of activities authorised by the licence;”.
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Commencement

Sch. 8 para. 2: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 8 para. 2: England, Wales, Scotland 

Law In Force

3 

(1) Section 41A of that Act (promotion of reductions in carbon emissions: electricity distributors
and electricity suppliers) is amended as follows.

(2) In subsection (1) (power by order to impose obligations on distributors and suppliers to achieve
carbon emissions reductions targets)—

(a)  before paragraph (a) insert—

“(za)  on each electricity generator (or each electricity generator of a specified
description);”

, and
(b)  in the closing words, before “distributor” insert “generator,”.

(3) After that subsection insert—

“(1A) The power to make orders under this section may be exercised so as to impose more
than one carbon emissions reduction obligation on a person in relation to the same period
or to periods that overlap to any extent.”.

(4) In subsection (3) (power for order to specify criteria by reference to which the Gas and Electricity
Markets Authority is to determine targets), before “electricity distributors” insert “electricity
generators,”.

(5) In subsection (4) (duty of the Secretary of State and the Authority to carry out functions under
the section in a way that does not inhibit competition), for the words from “no electricity distributor”
to the end of the subsection substitute

“—
(a)  no electricity generator is unduly disadvantaged in competing with other
electricity generators,
(b)  no electricity distributor is unduly disadvantaged in competing with other
electricity distributors, and
(c)  no electricity supplier is unduly disadvantaged in competing with other electricity
suppliers.”.

(6) In subsection (5) (provision that may be made by an order in relation to the obligations it
imposes)—

(a)  in paragraph (a), before “electricity distributors” insert “electricity generators,”,
(b)  after paragraph (b) insert—
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“(ba)  requiring the whole or any part of a carbon emissions reductions target
to be met by action relating to—

(i)  persons of a specified description,
(ii)  specified areas or areas of a specified description, or
(iii)  persons of a specified description in specified areas or areas of
a specified description;”,

(c)  in paragraph (d), before “distributors” insert “generators,”, and
(d)  in paragraph (f), before “distributors” insert “generators,”.

(7) In subsection (6) (power for order to authorise the Authority to require the provision of
information), before “distributor” insert “generator,”.

(8) In subsection (7)(d) (power for order to make provision for transfer of person's target to another
distributor or supplier or to a gas transporter or supplier), before “electricity distributor” insert
“electricity generator,”.

(9) In subsection (8)(d) (power for order to make different provision in relation to different
distributors or suppliers), before “distributors” insert “generators,”.

(10) In subsection (11) (duty to consult before making order), before “electricity distributors” insert
“electricity generators,”.

(11) In subsection (13) (interpretation), at the appropriate place insert—

““specified” means specified in the order.”.

(12) In the heading, before “electricity distributors” insert “electricity generators,”.

Commencement

Sch. 8 para. 3(1)-(12): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 8 para. 3(1)-(12): England, Wales, Scotland 

Law In Force

4 

(1) Section 42AA of that Act (publication of statistical information about performance of suppliers
and distributors) is amended as follows.

(2) In subsection (1) (duty of Gas and Electricity Consumer Council to publish information about
performance and consumer complaints)—

(a)  in paragraph (a), before “electricity suppliers” insert “electricity generators,”, and
(b)  in paragraph (b), before “suppliers” insert “generators,”.

(3) In subsection (2) (definition of “complaints”), before “electricity suppliers” insert “electricity
generators,”.
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Commencement

Sch. 8 para. 4(1)-(3): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 8 para. 4(1)-(3): England, Wales, Scotland 

Law In Force

5 
In section 64(1) of that Act (interpretation etc of Part 1), in the definition of “electricity distributor”
and “electricity supplier”, after ““electricity distributor”” insert “, “electricity generator””.

Commencement

Sch. 8 para. 5: January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 8 para. 5: England, Wales, Scotland 

Utilities Act 2000 (c. 27)

Law In Force

6 

(1) Section 103 of the Utilities Act 2000 (overall carbon emissions reduction targets) is amended
as follows.

(2) In subsection (1)(b) (power by order to specify overall target for the promotion of measures
mentioned in section 41A(2) of the 1989 Act), before “distributors” insert “generators,”.

(3) After subsection (1) insert—

“(1A) The power conferred by this section may be exercised so as to specify more than one
overall target in relation to the same period or to periods that overlap to any extent.”.

(4) In subsection (2)(b) (power for order to specify criteria for apportionment of overall target
between electricity and gas sectors), before “electricity distributors” insert “electricity generators,”.

(5) In subsection (4) (duty to consult before making order), before “electricity distributors” insert
“electricity generators,”.
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Commencement

Sch. 8 para. 6(1)-(5): January 26, 2009 (2008 c. 27 Pt 6 s. 100(5))

Extent

Sch. 8 para. 6(1)-(5): England, Wales, Scotland 

EXPLANATORY NOTES

INTRODUCTION

1. These explanatory notes relate to the Climate Change Act 2008 which received Royal Assent
on 26th November 2008. They have been prepared by the Department of Energy and Climate
Change, the Department for Environment, Food and Rural Affairs and the Department for Transport
in order to assist the reader in understanding the Act. They do not form part of the Act and have
not been endorsed by Parliament.

2. The notes need to be read in conjunction with the Act. They are not, and are not meant to be, a
comprehensive description of the Act. So where a section or part of a section does not seem to
require any explanation or comment, none is given.

SUMMARY

3. The Act sets up a framework for the UK to achieve its long-term goals of reducing greenhouse
gas emissions and to ensure steps are taken towards adapting to the impact of climate change. Its
main elements are as follows:

• Setting emissions reduction targets in statute and carbon budgeting. The Act establishes
an economically credible emissions reduction pathway to 2050 and beyond by putting into
statute medium and long-term targets. In addition, the Act introduces a system of carbon
budgeting which constrains the total amount of emissions in a given time period. Carbon
budget periods will last five years, beginning with the period 2008–2012, and must be set
three periods ahead. The Secretary of State is required to give indicative ranges for the net
UK carbon account in each year of a budgetary period, to set a limit on use that can be made
of international carbon credits in each budgetary period and to develop and report on his
proposals and policies for meeting carbon budgets.
• A new reporting framework. The Act provides for a system of annual reporting by the
Government on the UK's greenhouse gas emissions. The new Committee on Climate Change
will have a specific role in reporting annually on progress, with the Government required
to lay before Parliament a response to this progress report.
• The creation of an independent advisory body. The Act creates a new independent body,
“the Committee on Climate Change”, to advise the Government and devolved administrations
on how to reduce emissions over time and across the economy and, on request, on any other
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matter relating to climate change, including adaptation to climate change. This expert body
will advise on the optimum trajectory to 2050, the level of carbon budgets, and on how
much effort should be made by the part of the economy covered by trading schemes and
by the rest of the economy, as well as reporting on progress.
• Trading scheme powers. The Act includes powers to enable the Government and the
devolved administrations to introduce new domestic trading schemes to reduce emissions
through secondary legislation. This increases the policy options which the Government
could use to meet the medium and long-term targets in the Act.
• Adaptation. The Act sets out a procedure for assessing the risks of the impact of climate
change for the UK, and a requirement on the Government to develop an adaptation
programme on matters for which it is responsible. The programme must contribute to
sustainable development. The Act also gives powers to direct other bodies to prepare risk
analyses and programmes of action, and advisory and progress-reporting functions to the
Committee on Climate Change.
• Policy measures which reduce emissions. The Act will be used to support emissions
reductions through several specific policy measures: amendments to improve the operation
of the Renewable Transport Fuel Obligations; a power to introduce charges for single use
carrier bags; a power to pilot local authority incentive schemes to encourage household
waste minimisation and recycling; amendments relating to the Certified Emissions
Reductions Scheme; powers and duties relating to the reporting of emissions by companies
and other persons; a duty to make annual reports on the efficiency and contribution to
sustainability of buildings on the civil estate.

BACKGROUND

4. It is widely accepted that urgent action is required to address the causes and consequences of
climate change. The 2006 Stern Review set out the economic case for action on climate change,
and concluded that the cost of inaction will be far higher than tackling climate change now. It also
made it clear that the costs are lowest in the context of multilateral action.

5. In October 2006 the Government announced its intention to publish legislation on Climate
Change, and a draft Climate Change Bill was published for public consultation and pre-legislative
scrutiny in March 2007. The revised Bill was introduced into the House of Lords on 14th November
2007 after taking into account findings from the parliamentary scrutiny and public consultation
processes.

THE ACT

Part 1: Carbon Target and Budgeting

6. This Part of the Act gives the Secretary of State a duty to reduce the net UK carbon account for
the year 2050 to at least 80% below the level of net UK emissions of targeted greenhouse gases in
1990. The term “targeted greenhouse gas” is defined in section 24, the term “net UK carbon account”
is defined in section 27 and the term “net UK emissions” is defined in section 29.

7. It also requires the Secretary of State to set “carbon budgets” representing UK emissions for five
year periods beginning with the period 2008–2012, taking account of any “carbon units” which are
credited or debited to the net UK carbon account under a system of “carbon accounting”. Part 1 of
the Act includes a duty on the Secretary of State to report UK emissions levels to Parliament, and
to report on the measures the Government will take to meet the carbon budgets in Part 1.
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8. Part 1 makes further provision relating to the target and to budgets, including provision on how
to calculate whether the target for 2050 has been met and how carbon budgets are to be set. It
requires that the carbon budget for 2018–2022 is set in a way that is consistent with the Government's
target to reduce emissions of carbon dioxide by at least 26% by 2020, against 1990 levels. It requires
the Secretary of State to have regard to the need for UK domestic action on climate change when
considering how to meet the 2050 target and each carbon budget. It also makes provision for the
amendment of certain aspects of Part 1 of the Act in certain circumstances, and imposes a duty to
make regulations about how carbon units are to be used to ensure that the net UK carbon account
is within budget.

Part 2: The Committee on Climate Change

9. Part 2 and Schedule 1 establish a new independent non-departmental public body, the Committee
on Climate Change (“the Committee”).

10. Part 2 gives the Committee duties to advise the Secretary of State on a review of the 2050 target,
on the levels of carbon budgets and on the apportionment of effort between reductions in domestic
emissions levels and the use of carbon units. The Committee must also advise on emissions from
international aviation and international shipping and on the amount of effort to be made by sectors
of the economy in trading schemes, and other sectors of the economy. The Committee is required
to publish this advice as soon as reasonably practicable after giving it.

11. The Committee is also given a function of making an annual report to Parliament and the
devolved legislatures on the progress that is being made towards meeting the objectives in Part 1
of the Act. After the end of each budget period, the Committee must include in its annual report
its views on the way in which the budget for the period was or was not met and action taken during
the period to reduce net UK emissions of targeted greenhouse gases.

12. Part 2 also gives the Committee the powers it needs to deliver its advisory and reporting
functions, and the Secretary of State and the devolved administrations are given powers to make
grants to the Committee and to issue guidance and directions to the Committee. Schedule 1 sets
out the Committee's constitution.

Part 3: Trading Schemes

13. Part 3 and Schedules 2, 3 and 4 provide the Secretary of State and the devolved administrations
with powers to set up trading schemes relating to greenhouse gas emissions though secondary
legislation. Trading schemes may limit activities that lead, directly or indirectly, to emissions of
greenhouse gases (for example, by capping emissions from a particular set of activities and allow
trading of emissions within the cap), or they may encourage activities that directly or indirectly
lead to a reduction in greenhouse gas emissions or the removal of greenhouse gases from the
atmosphere.

14. Before making regulations to establish a trading scheme the Secretary of State and/or devolved
administration concerned must seek and take into account the advice of the Committee on Climate
Change, and must consult those likely to be affected by the regulations.

Part 4: Impact of and adaptation to climate change

15. Part 4 places a duty on the Secretary of State to carry out an assessment of the risks to the UK
from the impact of climate change; the first report must be made within three years, with subsequent
reports at least every five years. Each risk assessment must be followed by the publication of a
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Government programme of adaptation measures. There is a parallel requirement on the relevant
Northern Ireland department to publish an adaptation programme in Northern Ireland.

16. The Committee on Climate Change is given two functions under Part 4. First, it must advise
the Secretary of State on his report on the risks to the UK from the impact of climate change.
Secondly, it must report to Parliament on the progress being made in implementing the programme
of adaptation measures.

17. Part 4 also gives the Secretary of State and the Welsh Ministers the power to issue guidance
and directions to persons or bodies with functions of a public nature and statutory undertakers on:
assessing the risks of climate change, the preparation of reports setting out policies and proposals
for addressing those risks and assessing the progress made towards implementing those proposals
and policies.

Part 5: Other provisions

18. Part 5 contains the following measures to reduce emissions:
• Waste reduction schemes: the provisions amend the Environmental Protection Act 1990,
allowing waste collection authorities designated by the Secretary of State to introduce pilot
waste reduction schemes. Following the operation of pilot schemes, the Secretary of State
must carry out a review and report to Parliament. After the review of and report on the pilot
schemes, the provisions allow the Secretary of State to extend provisions for use by other
waste collection authorities (with any necessary amendments) or to repeal the provisions.
Provision is also made about receptacles for the collection of household waste;
• Charges for single use carrier bags: the provisions introduce enabling powers to make
regulations about charging by sellers of goods for the supply of single use carrier bags. The
regulations may also require records relating to the charges to be kept and made publicly
available. The provisions also include powers to create civil sanctions in the form of fixed
monetary penalties and discretionary requirements for breaches of the regulations;
• Renewable Transport Fuel Obligations: the provisions amend Chapter 5 of Part 2 of the
Energy Act 2004 which provides for the Secretary of State by order to set up a renewable
transport fuel obligations scheme. The amendments will introduce a new power to replace
the Administrator with a new Administrator, who may be the Secretary of State, and to
transfer functions accordingly; amend the provisions which determine how sums received
by the Administrator are to be dealt with; give the Secretary of State a power to issue written
directions to the Administrator; impose a duty on the Administrator to promote the supply
of sustainable fuel which has a beneficial environmental effect; and set up an information
gateway to allow disclosure of information by Her Majesty's Revenue and Customs to the
Administrator;
• Carbon emissions reduction targets: the provisions amend the Gas Act 1986, the Electricity
Act 1989 and the Utilities Act 2000 to allow for the introduction of a community energy
saving programme;
• Reporting requirements in Wales: the Welsh Ministers are to publish from time to time a
report on their objectives, actions and priorities in relation to greenhouse gas emissions and
the impact of climate change in Wales. The provisions also make amendments to the Climate
Change and Sustainable Energy Act 2006, transferring to Welsh Ministers the responsibility
for publishing guidance for local authorities in Wales on climate change (currently a UK
Government responsibility);
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• Reporting of emissions: the provisions require the Secretary of State to issue guidance to
companies and other persons wishing to report their emissions, in order to increase the
consistency and comparability of reported figures. The Secretary of State is also required
to conduct a review of the contribution that reporting can make to achieving the Government's
objectives in relation to climate change. Finally, the Secretary of State is required to introduce
mandatory reporting of emissions by companies by 6th December 2012 or to lay a report
before Parliament explaining why he has chosen not to do so;
• Report on the civil estate: the Treasury is placed under an obligation to make annual reports
to Parliament on the progress that has been made towards improving the efficiency and
contribution to sustainability of buildings on the civil estate;
• Offsetting: the provisions give the Government and the devolved administrations the
power to offset greenhouse gas emissions by acquiring units representing emissions
reductions, units representing removals of greenhouse gases from the atmosphere, or units
in schemes which cap emissions levels. Those bodies are also allowed to acquire interests
in units;
• Making a minor amendment to section 105(2) of the Clean Neighbourhoods and
Environment Act 2005 to enable an increase in fines for pollution offences.

Part 6: General supplementary provisions

19. This part defines the territorial scope of provisions in the Act, sets out requirements for making
orders or regulations under the Act, and defines terms used in the Act.

TERRITORIAL EXTENT

20. Sections 71 to 75 (and Schedule 5), 76, 81 and 88 of the Act extend only to England and Wales.
Section 77 and Schedule 6 extend to England and Wales and Northern Ireland only. Section 79 and
Schedule 8 extend to England and Wales and Scotland only. All other sections and Schedules
extend to the whole of the United Kingdom.

21. The Scottish Parliament's consent was sought and obtained for the provisions in the Act that
trigger the Sewel convention. The provisions relate to the establishment of the Committee on
Climate Change under Part 2 of the Act, the conferral of powers on the Scottish Ministers under
Part 3 of the Act, the preparation by the Secretary of State of a UK-wide report on the impact of
climate change under section 56 and the power to acquire units relating to greenhouse gas emissions
under section 87. Part 1 of the Act, although it imposes duties only on the Secretary of State, may
also be viewed as affecting devolved matters in relation to setting targets and carbon budgets for
Scotland. The Sewel convention provides that Westminster will not normally legislate with regard
to devolved matters in Scotland without the consent of the Scottish Parliament; the Scottish
Parliament granted its approval on 20th December 2007. If there are amendments relating to such
matters which trigger the Convention, the consent of the Scottish Parliament will be sought for
them.

22. By similar convention, the consent of the Northern Ireland Assembly was sought in relation to
the same aspects of the Act and also the duty on the relevant Northern Ireland department to prepare
a programme on adaptation to climate change under section 60 in Part 4 of the Act; the Northern
Ireland Assembly granted its approval on 10th December 2007.

TERRITORIAL APPLICATION: WALES

23. The Act confers the following functions on the Welsh Ministers:
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• Part 2 and Schedule 1: powers to seek advice from the Committee on Climate Change and
functions in relation to its joint sponsorship;
• Part 3 and Schedules 2, 3 and 4: the power to make trading schemes covering certain
activities in Wales, and to require information from electricity suppliers and distributors
and potential participants in a trading scheme;
• Part 4, sections 66 and 67: powers to issue guidance and directions to reporting authorities
in relation to adaptation;
• Part 5, section 77 and Schedule 6: the power to make regulations introducing charges for
single use carrier bags;
• Part 5, section 80: the duty to draw up a report on climate change in Wales and to lay it
before the National Assembly for Wales;
• Part 5, section 81: the function of preparing a climate change measures report in Wales;
this section inserts a new, Wales-specific section 3A into the Climate Change and Sustainable
Energy Act 2006 (c.19);
• Part 5, section 87: the power to acquire units to offset emissions.

24. Sections 71 to 75 and Schedule 5 (waste reduction schemes) extend to England and Wales but
apply to England only.

COMMENTARY ON SECTIONS

Part 1: Carbon Target and Budgeting

The target for 2050

Section 1: The target for 2050

25. Subsection (1) of this section imposes a duty on the Secretary of State to ensure that “the net
UK carbon account” for 2050 is at least 80% lower than the “1990 baseline”.

26. Subsection (2) defines “the 1990 baseline” to mean the aggregate amount of: net UK emissions
of carbon dioxide in 1990; and net UK emissions of the other targeted greenhouse gases in the
“base year” for each gas.

27. The term “targeted greenhouse gas” refers to the gases which are covered by the targets and
budgets in the Act as set out in section 24(1); the “base year” for each targeted greenhouse gas
other than carbon dioxide is set out in section 25(1). The targeted greenhouse gases, and their base
years, are: carbon dioxide (1990), methane (1990), nitrous oxide (1990), hydrofluorocarbons (1995),
perfluorocarbons (1995) and sulphur hexafluoride (1995). Under section 24, the Secretary of State
is given the power to add more gases — the commentary on that section provides details of the
process. The commentary on section 25 provides more details on base years.

28. The term “the net UK carbon account” is defined in section 27. For 2050, it means the level of
net UK emissions of targeted greenhouse gases in 2050 after numbers of “carbon units” have been
added and subtracted in accordance with carbon accounting regulations. The commentary on sections
26 and 27 provides a more detailed explanation of carbon accounting and the net UK carbon account.

29. The target for 2050 is set by reference to a 1990 baseline rather than a particular quantum of
emissions because the baseline emissions are subject to revision as understanding of historic
emissions improves. 1990 is the baseline year used for emissions of carbon dioxide under the Kyoto
Protocol, an international agreement to limit emissions of greenhouse gases, to which the UK is
party; where a gas has a different base year, emissions of the gas in the base year are treated as
being emissions of the gas in 1990.
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Section 2: Amendment of 2050 target or baseline year

30. Subsection (1) allows the Secretary of State, by order, to amend the 2050 target and to amend
the baseline year.

31. Subsection (2) sets out the circumstances in which the Secretary of State can amend the 2050
target:

• paragraph (a) allows an amendment if there have been significant developments in scientific
knowledge about climate change, in European Community law or policy or in international
law or policy. For example, this power might be used in the event of a new international
treaty on climate change;
• paragraph (b) allows an amendment if a change is made to the range of greenhouse gases
covered by the target (see section 24) or if emissions from international aviation or
international shipping are added to the target (see section 30).

32. Subsection (3) provides more detail on the meaning of “developments in scientific knowledge
about climate change”. The first time the Secretary of State amends the 2050 target, he will be able
to rely only on scientific developments occurring after Royal Assent. But when making any
subsequent amendment, the Secretary of State will be able to take into account scientific
developments only since the target was last changed.

33. Subsection (4) provides that the baseline year can be amended only if there have been significant
developments in European Community or international law or policy which make an amendment
appropriate.

34. Subsections (5) and (6) provide that an order amending the target is to be made by statutory
instrument subject to the affirmative resolution procedure (that is, a draft of the order must be
approved by both Houses of Parliament). An order that changes the baseline year may also amend
other references in the Act to “the 1990 baseline”.

35. See also section 33, which provides that the Committee on Climate Change must, not later than
1st December 2008, provide advice on a review the level of the 2050 target.

Section 3: Consultation on order amending 2050 target or baseline year

36. This section sets out the procedures that the Secretary of State must follow before amending
the 2050 target or the baseline year.

37. Subsection (1) places a duty on the Secretary of State to obtain and consider advice from the
Committee on Climate Change (a new non-departmental public body which is created by Part 2 of
the Act). The Secretary of State also has to consider the views of the devolved administrations (the
Scottish Ministers, the Welsh Ministers and the relevant Northern Ireland department).

38. Subsections (2) to (7) set out the stages of the process:
• Subsection (2) places a duty on the Committee on Climate Change to send a copy of its
advice to each of the devolved administrations;
• Subsection (3) requires the Committee on Climate Change, as soon as is reasonably
practicable after giving its advice to the Secretary of State, to publish that advice in any
way it thinks is appropriate;
• Subsection (4) provides that the devolved administrations have three months to send the
Secretary of State their views. If they send their views within the three month period, the
Secretary of State can lay a draft order before Parliament immediately after he has considered
them; otherwise, he can lay the draft order only after the three month period has expired;
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• Subsection (5) places a duty on the Secretary of State, at the same time as he lays the draft
order, to publish a statement that sets out whether and how he has taken account of the
devolved administrations' views;
• Subsection (6) places a duty on the Secretary of State, if amending the 2050 target or
baseline year in a way that differs from the Committee's recommendations, to publish a
statement setting out the reasons for that decision;
• Subsection (7) allows the Secretary of State to publish a statement under subsection (5)
or (6) (that is, on taking account of the devolved administrations' views or on any deviation
from the Committee's advice) in any way he thinks is appropriate.

Carbon budgeting

Section 4: Carbon budgets

39. Subsection (1) of this section places a duty on the Secretary of State to set five-year “carbon
budgets”, defined as an amount for the net UK carbon account for a given period (a “budgetary
period”). The Secretary of State is also placed under a duty to ensure that the net UK carbon account
stays within the budget for each period.

40. Subsection (2) requires the Secretary of State to set three consecutive carbon budgets for the
periods 2008–2012, 2013–2017 and 2018–2022 by 1st June 2009. It also creates a duty to set
subsequent carbon budgets at least 11½ years before the start of the budgetary period. The intent
of the section is to provide certainty in respect of the UK's carbon budgets in the medium term.

Section 5: Level of carbon budgets

41. This section sets limits on the levels of certain carbon budgets.

42. Subsection (1) sets out the requirement for carbon budgets to be consistent with certain emissions
levels in particular years:

• paragraph (a) requires that the “annual equivalent” of the carbon budget for the carbon
budget covering the year 2020 must be at least 26% lower than the 1990 baseline;
• paragraph (b) requires that the “annual equivalent of the carbon budget” for the carbon
budget covering the year 2050 is no more than the level specified in section 1 compared
with the 1990 baseline (80% below 1990 levels, unless amended under section 2);
• paragraph (c) gives the Secretary of State a power to set, by order, further percentage
targets or target percentage ranges for years after 2050.

43. Subsection (2) provides that the “annual equivalent” of a given carbon budget is the total carbon
budget for a period divided by the number of years in that period. Subsection (3) provides that an
order setting a target percentage or percentage range for a year after 2050 must be made using the
affirmative resolution procedure.

44. Subsection (4) makes further provision in relation to the cap on the budget which includes the
year 2020, as set out in subsection (1)(a). It provides that only carbon dioxide emissions are to be
taken in considering the level of the cap. Paragraph (a) provides that only so much of the budget
as the Secretary of State considers relates to carbon dioxide emissions should be considered, and
paragraph (b) provides that only so much of the 1990 baseline (see section 1(2)) as relates to carbon
dioxide should be used as the comparator.

Section 6: Amendment of target percentages
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45. This section sets out when and how the target percentages in section 5 can be amended.

46. Subsection (1) gives the Secretary of State the power to amend the target percentage for 2020
(in section 5(1)(a), and any target percentage or percentage range set for a year after 2050 (in section
5(1)(c)).

47. Subsection (2) sets out the circumstances in which those percentages can be amended:
• paragraph (a) allows an amendment if there have been significant developments in scientific
knowledge about climate change, in European Community law or policy or in international
law or policy. For example, this power might be used in the event of a new international
treaty on climate change;
• paragraph (b) allows an amendment if a change is made to the range of greenhouse gases
covered by the target or emissions from international aviation or international shipping are
added to the target.

48. Subsection (3) makes special provision on the meaning of “developments in scientific knowledge
about climate change”. The first time the Secretary of State amends the target percentage for 2020,
he will be able to rely on scientific developments since June 2000 to justify the change; he will not
be restricted to considering only scientific developments which have taken place after the Act
receives Royal Assent. If the Secretary of State wants to amend a target percentage or percentage
range for a year after 2050, he will be allowed to rely only on scientific developments that occur
after the percentage or range is set. When making any subsequent amendment to a target percentage
or percentage range, the Secretary of State will be able to take into account scientific developments
only since the percentage or range was last changed.

49. Subsection (4) allows the Secretary of State to repeal section 5(4) when he makes an order
amending the target percentage for 2020. It has the effect of allowing the Secretary of State to set
a target percentage for 2020 that covers all targeted greenhouse gases; section 5(4) provides that
all gases other than carbon dioxide are left out of account in relation to the target percentage for
2020 — its repeal would mean that all targeted greenhouse gases count towards the target.

50. Subsection (5) prescribes that orders made under subsection (1) are subject to affirmative
resolution procedure.

Section 7: Consultation on order setting or amending target percentages

51. This section sets out the procedures that the Secretary of State must follow before amending
the 2020 target percentage or a target percentage or percentage range for a year after 2050.

52. Subsection (1) places a duty on the Secretary of State to obtain and consider advice from the
Committee on Climate Change. The Secretary of State also has to consider any views of the devolved
administrations.

53. Subsections (2) to (7) set out the stages of the process:
• Subsection (2) places a duty on the Committee on Climate Change to send a copy of its
advice to each of the devolved administrations;
• Subsection (3) requires the Committee on Climate Change, as soon as is reasonably
practicable after giving its advice to the Secretary of State, to publish that advice in any
way it thinks is appropriate;
• Subsection (4) provides that the devolved administrations have three months to send the
Secretary of State their views. If they send their views before the three month period has
expired, the Secretary of State can lay a draft order before Parliament immediately after he
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has considered them; otherwise, he can only lay the draft order after the three month period
has expired;
• Subsection (5) places a duty on the Secretary of State, at the same time as he lays the draft
order, to publish a statement that sets out whether and how he has taken account of the
devolved administrations' views;
• Subsection (6) places a duty on the Secretary of State, if amending the 2020 target or any
post-2050 target or range in a way that differs from the Committee's recommendations, to
publish a statement setting out the reasons for that decision;
• Subsection (7) allows the Secretary of State to publish a statement under subsection (5)
or (6) (on taking account of the devolved administrations' views or on any deviation from
the Committee's advice) in any way he thinks is appropriate.

Section 8: Setting of carbon budgets for budgetary periods

54. Subsections (1) and (3) require the Secretary of State to set carbon budgets using affirmative
resolution orders.

55. Subsection (2) provides that every carbon budget must be set with a view to meeting the 2050
target, the 2020 target and any percentage target or percentage range for a year after 2050. Budgets
must also be set with a view to complying with the UK's European Community and international
obligations (any international treaties to which the UK is a signatory).

Section 9: Consultation on carbon budgets

56. This section sets out the procedures that the Secretary of State must follow before setting a
carbon budget.

57. Subsection (1) places a duty on the Secretary of State to take into account advice from the
Committee on Climate Change (as provided for in section 34). The Secretary of State also has to
consider any views of the devolved administrations.

58. Subsections (2) to (5) set out the stages of the process:
• Subsection (2) provides that the devolved administrations have three months to send the
Secretary of State their views. If they send their views within the three month period, the
Secretary of State can lay a draft order before Parliament immediately after he has considered
them; otherwise, he may lay the draft order only after the three month period has expired;
• Subsections (3) to (5) place a duty on the Secretary of State to publish a statement that
sets out whether and how he has taken account of the devolved administrations' views. If
the budget is not set at the level recommended by the Committee, the Secretary of State
must publish a statement explaining why not. The Secretary of State must publish the
statements when he lays the order, in any way he thinks is appropriate.

Section 10: Matters to be taken into account in connection with carbon budgets

59. This section sets out matters that the Secretary of State must take into account when making
decisions about carbon budgets and which the Committee on Climate Change must take into account
in advising the Secretary of State on those decisions.

60. Subsection (2) sets out the list of matters to be taken into account. This is intended to give
examples of the broad range of relevant factors that will inform any decision relating to carbon
budgeting. The matters are not listed in any particular order; the order of the matters has no legal
significance. Subsection (7) makes it explicit that this section does not prevent the Secretary of
State or the Committee on Climate Change from taking other matters into account; nor does it limit
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the general requirement for the Secretary of State and the Committee to take all relevant matters
into account.

61. Subsections (3) to (6) make provision in relation to the matter in subsection (2)(i), which requires
the Secretary of State to take into account “the estimated amount of reportable emissions from
international aviation and international shipping” for the budgetary period or periods under
consideration.

62. Subsection (3) defines the term “the estimated amount of reportable emissions from international
aviation and international shipping” as meaning the aggregate amount of emissions of all greenhouse
gases from those sectors which the Secretary of State or the Committee estimates that the UK will
be required to report in accordance with international carbon reporting practice (see section 94).
Subsection (4) allows the Secretary of State and the Committee to use any reasonable method or
methods they choose to estimate those emissions.

63. Subsection (5) provides that the Secretary of State and the Committee do not have to consider
the factor in subsection (2)(i) if, and to the extent that, any regulations have been made under section
30 which mean that emissions from international aviation or international shipping are already
included in the budget that is being considered. See the notes on sections 30 and 31 for details on
the process and procedure for making such regulations. Subsection (6) makes it clear that section
30(1), which provides that emissions from international aviation and international shipping do not
count as emissions from sources in the UK, does not prevent the Secretary of State and the
Committee from taking them into account in relation to carbon budgets.

Limit on the use of carbon units

Section 11: Limit on the use of carbon units

64. This section places a duty on the Secretary of State to set a limit on the “net amount of carbon
units” that can be credited to the net UK carbon account in each budgetary period. Subsection (3)
provides that the limit for each budgetary period must be set 18 months before the beginning of
each period; exceptionally, the limit for the first budget must be set no later than 1st June 2009 (the
date before which the first budget must be set — see section 4).

65. Subsection (2) defines the term “net amount of carbon units” to mean the amount of carbon
units credited to the net UK carbon account in accordance with regulations made under section 27,
minus the amount of units credited to the net UK carbon account under those regulations. See the
notes on section 27 for more information on the net UK carbon account and regulations on the
crediting and debiting of carbon units.

66. Subsection (4) provides that the limit must be set by order (a type of statutory instrument) and
subsection (6) provides that the order is subject to the approval of both Houses of Parliament under
the affirmative resolution procedure.

67. Subsection (5) allows the Secretary of State to exclude specified descriptions of units from the
calculation of the limit. The Secretary of State must describe the units to be excluded in the order
setting the limit.

68. Subsection (7) requires the Secretary of State to take into account the Committee on Climate
Change's advice under section 34(1)(b) (advice on the extent to which a budget should be met by
reducing domestic emissions and by the use of carbon units), and to consult the devolved
administrations, before setting the limit.

Indicative annual ranges
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Section 12: Duty to provide indicative annual ranges for net UK carbon account

69. This section places a duty on the Secretary of State to lay a report before Parliament setting out
an “indicative annual range” for the net UK carbon account for each year of a budgetary period.
This section aims to enhance the transparency regarding progress within each budgetary period,
so that Parliament is clear about performance towards meeting the budget each year.

70. Subsection (2) defines an “indicative annual range” as the range within which the Secretary of
State expects the amount of the net UK carbon account for the year in question to fall.

71. Subsection (3) places the Secretary of State under a duty to consult the Scottish Ministers, the
Welsh Ministers and the relevant Northern Ireland department in relation to the indicative annual
ranges set out in the report. Subsection (4) requires the Secretary of State to send a copy of the
report to each of the devolved administrations.

Proposals and policies for meeting carbon budgets

Section 13: Duty to prepare proposals and policies for meeting carbon budgets

72. This section places a duty on the Secretary of State to prepare such proposals and policies as
the Secretary of State considers will enable carbon budgets that have been set to be met. The
proposals and policies must also be prepared with a view to meeting the target for 2050 (under
section 1) and any target set for later years (under section 5(1)(c)).

73. Subsection (3) imposes a requirement that the proposals and policies, taken as a whole, must
contribute to sustainable development. Subsection (4) allows the Secretary of State to take into
account proposals and policies which he considers may be prepared by the other national authorities.

Section 14: Duty to report on proposals and policies for meeting carbon budgets

74. This section places a duty on the Secretary of State to lay a report before Parliament setting out
proposals and policies for meeting the current and future carbon budgets. This section will ensure
that Parliament is clear about how the Government intends to meet its obligations under the Act.

75. Subsection (2) requires the report to set out the Secretary of State's current proposals and policies
for meeting carbon budgets (which must be prepared under section 13). The report must also explain
how the proposals and policies affect different sectors of the economy (subsection (3)).

76. Subsection (4) provides that the report must set out what implications the proposals and policies
in the report have as regards the use that will be made of carbon units in meeting the carbon budgets
covered by the report. See also section 34(1)(b), which requires the Committee on Climate Change
to advise on the use of carbon units, and section 11, which requires the Secretary of State to set a
limit on the use of carbon units for each budgetary period.

77. Subsection (5) places the Secretary of State under a duty to consult the Scottish Ministers, the
Welsh Ministers and the relevant Northern Ireland department in relation to any part of the report
covering their proposals and policies. Subsection (6) requires the Secretary of State to send a copy
of the report to each of the devolved administrations.

Section 15: Duty to have regard to need for UK domestic action on climate change

78. Subsection (1) of this section requires the Secretary of State to have regard to the need for “UK
domestic action on climate change” when exercising any functions under Part 1 of the Act involving
consideration of how to meet the 2050 target (under section 1) and any carbon budget. So, in
particular, the Secretary of State must have regard to the need for UK domestic action on climate
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change when preparing proposals and policies for meeting carbon budgets (with a view to meeting
the 2050 target) as required by section 13.

79. Subsection (2) defines the term “UK domestic action on climate change” as covering both
reductions in UK emissions of targeted greenhouse gases and increases in UK removals of those
gases. The terms “UK emissions”  and “UK removals” are defined in section 29 — see the
commentary on that section for more detail.

Determination whether objectives met

Section 16: Annual statement of UK emissions

80. This section places a duty on the Secretary of State to lay a statement before Parliament on UK
emissions in respect of every year from 2008 onwards. Finalised figures for UK emissions, including
a full inventory report, are currently produced, and submitted to the EU by the Government on 15th
March each year, 14½ months after the end of calendar year in question. Subsection (10) therefore
provides that the report under this section must be laid no later than the 31st March in the second
year after the year to which it relates (the report for 2008 must be laid by 31st March 2010).

81. Subsections (2) and (3) specify that the statement must set out UK emissions, UK removals
and net UK emissions. These terms are defined in section 29; they include emissions of all
greenhouse gases (whether or not they are “targeted greenhouse gases” included in the 2050 and
other targets), and the statement must show the total figures for emissions of each gas and also
aggregate figures. The statement must also explain how the figures were measured or calculated,
and must say whether they represent an increase or decrease when compared with the figures for
the previous year. See, also, section 82, which repeals a similar reporting requirement under section
2(b) of the Climate Change and Sustainable Energy Act 2006 (c.19).

82. Subsection (4) provides that where there has been a change in the international method of
calculating emissions levels that requires the adjustment of emissions levels in earlier years in the
budgetary period, then the report should set out the adjusted figures.

83. Subsection (5) requires the Secretary of State to report the levels of emissions from international
aviation and international shipping in the statement, calculated in the same way as is required under
international carbon reporting practice, unless those emissions are already included in the figures
required by subsection (2). Emissions from international aviation and international shipping will
be included in the figures reported under subsection (2) if regulations are made under section 30
which have that effect; the commentary on section 30 gives more detail on the circumstances in
which that can happen.

84. Subsection (6) specifies that the report must set out the cumulative total of carbon units (as
defined in section 26(1)) credited to or debited from the net UK carbon account for the year, and
give details of the number and type of those carbon units. Subsection (7) provides that the report
must also state the net UK carbon account for the year.

85. Subsection (8) specifies that the statement must set out the amount of net UK emissions of
carbon dioxide for the year 1990, and the amount of net UK emissions for each of the other targeted
greenhouse gases in their base years. The report must also state the baseline amount for greenhouse
gases which are not “targeted”; the baseline amount may be equal to emissions of the gas in 1990
or another year, or average net UK emissions for a number of years (subsection (9)).
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86. Subsection (10) gives the date by which the statement must be laid before Parliament and
subsection (11) requires the Secretary of State to send a copy of the statement to each of the devolved
administrations.

Section 17: Powers to carry amounts from one budgetary period to another

87. This section provides a power for the Secretary of State to “bank” and “borrow” emissions
between budgetary periods.

88. Subsection (1) allows the Secretary of State to “borrow” part of the next budget. In the language
of the Act, an amount from the next budget is “carried back” to the budget preceding it. Where this
power is used, the next budget (which will already have been set by order) is reduced by the amount
that has been borrowed.

89. Subsection (2) limits the amount that can be borrowed under subsection (1) to no more than
1% of the next budget.

90. Subsection (3) allows the Secretary of State to carry forward any part of the carbon budget that
exceeds the net UK carbon account for that period (i.e. to “bank” a budget surplus, but not necessarily
all of it). The banked amount is added to the next budget.

91. Subsection (4) requires the Secretary of State to obtain the advice of the Committee on Climate
Change, and take this advice into account, before exercising powers under this section (that is,
before banking or borrowing). The Secretary of State is also obliged to consult the devolved
administrations before banking or borrowing.

92. Subsection (5) places a back-stop on when the banking and borrowing powers can be used. A
decision to bank or borrow must be taken no later than 31st May in the second year after the earlier
budget period ends (so, for the 2008–2012 budget, no later than 31st May 2014). This is also the
date on which a assessment is made of whether the budget has been met (see section 18).

Section 18: Final statement for budgetary period

93. This section places a duty on the Secretary of State to report the final figures for the net UK
carbon account during a budgetary period; these figures are used to determine whether a budget
has been met.

94. Subsections (2) to (6) place a duty on the Secretary of State to report:
• under subsection (2), the final amounts of UK emissions, UK removals and net UK
emissions for each targeted greenhouse gas (each of the gases included in the target — see
section 24). The final amounts may differ slightly from the sum of the emissions figures in
the annual reports for the budgetary period because this statement will take account of any
changes in the international methodology used to work out the 1990 baseline and emissions
for each year;
• under subsection (3), the final amount of carbon units that have been credited to or debited
from the UK carbon account in that budgetary period, and details of the number and type
of those units;
• under subsection (4), the final amount of the net UK carbon account for the budgetary
period;
• under subsection (5), whether the Secretary of State has decided to borrow from the next
budget (using the power in section 17(1)) and, if so, the amount borrowed;
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• under subsection (6), the amount of the budget for the period, which will be the level of
the budget as originally set, subject to any banking or borrowing under section 17 and any
alteration of the budget under section 21.

95. Subsection (7) provides that the determination of whether the budget has been met should be
made by reference to the figures in the statement.

96. Subsection (8) provides that if the budget has not been met, then the statement must include an
explanation of the reasons why not.

97. Subsection (9) sets a back-stop, requiring the Secretary of State to lay the statement before
Parliament no later than the 31st May in the second year after the end of a budgetary period (so,
for the 2008–2012 budget, no later than 31st May 2014). Subsection (10) requires the Secretary of
State to send a copy of the statement to the devolved administrations.

Section 19: Duty to report on proposals and policies for compensating for budget excess

98. This section places a duty on the Secretary of State to lay a report before Parliament setting out
proposals and policies to compensate in future periods for excess emissions, if a report under section
18 shows that the net UK carbon account has exceeded the carbon budget for a period.

99. Subsection (2) places the Secretary of State under a duty to consult the Scottish Ministers, the
Welsh Ministers and the relevant Northern Ireland department in relation to any part of the report
covering their proposals and policies. Subsection (3) requires the Secretary of State to send a copy
of the report to each of the devolved administrations.

Section 20: Final statement for 2050

100. This section places a duty on the Secretary of State to report to Parliament the final figures
for the net UK carbon account in 2050.

101. Subsections (2) to (4) place a duty on the Secretary of State to report:
• under subsection (2), the final amounts of UK emissions, UK removals and net UK
emissions for 2050 for each targeted greenhouse gas;
• under subsection (3), the amount of carbon units that have been credited to and debited
from the net UK carbon account, and details of the number and type of those units;
• under subsection (4), the amount of the net UK carbon account for 2050.

102. Subsection (5) provides that the question of whether the 2050 target has been met is to be
answered by referring to the figures in the statement.

103. Subsection (6) provides that if the budget has not been met, the statement must explain the
reasons why not.

104. Subsection (7) sets a back-stop, requiring the Secretary of State to lay the statement before
Parliament no later than 31st May 2052. Subsection (8) requires the Secretary of State to send a
copy of the statement to the devolved administrations.

Alteration of budgets or budgetary periods

Section 21: Alteration of carbon budgets

105. This section gives the Secretary of State a power, using an affirmative resolution statutory
instrument, to amend the level of carbon budgets in certain circumstances. The section also limits
the conditions in which orders setting carbon budgets can be revoked.
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106. Subsection (1) prevents an order setting a carbon budget being revoked after the final date by
which it had to be set in accordance with section 4(2).

107. Subsection (2) gives the Secretary of State the power to amend budgets, but limits the
circumstances in which such an order may be made. A budget may be amended only if there have
been significant changes in the factors on the basis of which the decision to set, or previously
amend, the budget was made.

108. Subsection (3) limits the circumstances in which an order amending a budget after the start
of the relevant budgetary period can be made. A budget may be amended only after the start of the
budgetary period if there have been significant changes, since the budget period began, in the factors
on the basis of which the decision to set or previously amend the budget was made. This is a more
stringent test than in subsection (2) because there will typically have been less time for a significant
change to happen.

109. Subsection (4) stipulates that the level of a carbon budget may not be amended after the
budgetary period has ended.

110. Subsection (5) requires any order amending budgets to follow the affirmative resolution order
procedure.

Section 22: Consultation on alteration of carbon budgets

111. This section sets out the procedures that the Secretary of State must follow before altering a
carbon budget.

112. Subsection (1) places a duty on the Secretary of State to obtain and consider advice from the
Committee on Climate Change. The Secretary of State also has to consider any views of the devolved
administrations.

113. Subsections (2) to (8) set out the stages of the process:
• Subsection (2) places a duty on the Committee on Climate Change to send a copy of its
advice to each of the devolved administrations;
• Subsection (3) requires the Committee on Climate Change, as soon as is reasonably
practicable after giving its advice to the Secretary of State, to publish that advice in any
way it thinks is appropriate;
• Subsection (4) and (5) provide that the devolved administrations have one month to send
the Secretary of State their views if the budget period has already begun, and three months
if the budget period has not started yet. If the devolved administrations send their views
within the relevant period, the Secretary of State can lay a draft order before Parliament
immediately after he has considered them; otherwise, he can lay the draft order only after
the relevant period has expired;
• Subsection (6) places a duty on the Secretary of State to publish a statement that sets out
whether and how he has taken account of the devolved administrations' views;
• Subsection (7) places a duty on the Secretary of State, if altering a carbon budget in a way
that differs from the Committee's recommendations, to publish a statement setting out the
reasons for that decision;
• Subsection (8) allows the Secretary of State to publish a statement under subsection (6)
or (7) (on taking account of the devolved administrations' views or on any deviation from
the Committee's advice) in any way he thinks is appropriate.
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Section 23: Alteration of budgetary periods

114. This section allows, in certain circumstances, the duration of budgetary periods and their start
and end dates to be changed by affirmative resolution statutory instrument.

115. Subsection (2) prescribes the circumstances when this power can be exercised. These are when
a change to the budgetary periods is needed to keep them in line with similar periods under European
or international agreements to which the UK is a party. Subsection (3) prevents alterations that
would leave a period of time outside the carbon budget system.

116. Subsection (4) allows an order under subsection (1) to make consequential amendments to
other parts of the Act in order to ensure coherence of the provisions.

117. Subsection (5) requires the Secretary of State to consult the devolved administrations before
making such an order.

Targeted greenhouse gases

Section 24: Targeted greenhouse gases

118. This section defines the term “targeted greenhouse gas”, which is the term used to describe
the gases covered by the targets and budgets in the Act.

119. Subsection (1) defines the term “targeted greenhouse gas” as meaning carbon dioxide (CO2),
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur
hexafluoride (SF6) and any other greenhouse gas added later by the Secretary of State by order.
The term “greenhouse gas” is defined in section 92 by reference to a list of gases (which, for the
time being, is identical).

120. Subsection (7) provides that an order adding a new gas or gases must be made using the
affirmative resolution procedure. Subsection (2) allows the Secretary of State to make any necessary
consequential amendments to the Act when he makes the order.

121. Subsection (3) requires the Secretary of State to consult the devolved administrations, and
also to obtain and consider advice from the Committee on Climate Change, before adding a new
gas or gases to the list.

122. Subsection (4) requires the Committee on Climate Change, as soon as is reasonably practicable
after giving its advice to the Secretary of State, to publish that advice in any way it thinks is
appropriate.

123. Subsection (5) places a duty on the Secretary of State, if amending the list of targeted
greenhouse gases in a way that differs from the Committee's recommendations, to publish a statement
setting out the reasons for that decision. Subsection (6) allows the Secretary of State to publish this
statement in any way he thinks is appropriate.

Section 25: Base years for targeted greenhouse gases other than CO2

124. This section sets out the base years for targeted greenhouse gases other than carbon dioxide
and allows the Secretary of State to set base years for new targeted greenhouse gases added at a
later date. A “base year” is the year used as the reference point against which reductions in emissions
of the gas are to be measured for the purposes of the targets and budgets in the Act.

125. Subsection (1) contains a table showing the base years for targeted greenhouse gases other
than carbon dioxide. Hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride have a base
year of 1995, which is the base year used for UK emissions of those gases under the Kyoto Protocol.
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126. Subsection (2) allows the Secretary of State to amend the table, by order, to specify the base
year for any new gas designated as a targeted greenhouse gases in accordance with section 24. It
also allows the Secretary of State to amend the base years of the gases which are already in the
table in subsection (1).

127. Subsection (3) provides that the Secretary of State may either designate a single base year or
may designate a number of base years and use the average of the emissions of the gas in those
years.

128. Subsection (4) restricts the use of the power to amend the base years that are set out in the
table in subsection (1). Those base years can only be amended if there have been significant
developments in European or international law or policy that make it appropriate to do so, for
example if an international agreement was reached that required every country to use a particular
base year for a gas.

129. Subsection (5) requires the Secretary of State to consult the devolved administrations, and
also to obtain and consider advice from the Committee on Climate Change, before making an order
designating a base year or years.

130. Subsection (6) requires the Committee on Climate Change, as soon as is reasonably practicable
after giving its advice to the Secretary of State, to publish that advice in any way it thinks is
appropriate.

131. Subsection (7) places a duty on the Secretary of State, if setting a base year in a way that
differs from the Committee's recommendations, to publish a statement setting out the reasons for
that decision. Subsection (8) allows the Secretary of State to publish this statement in any way he
thinks is appropriate.

132. Subsection (9) provides that an order under subsection (2) must be made using the affirmative
resolution procedure.

Carbon units, carbon accounting and the net UK carbon account

Section 26: Carbon units and carbon accounting

133. In addition to the level of “net UK emissions” (which is defined in section 29 (1)(c)), the “net
UK carbon account” (as determined in accordance with section 27) is affected by the addition and
subtraction of “carbon units” through a process of “carbon accounting”. This section, and section
27, allow the Secretary of State to determine what carbon units should be added to and subtracted
from the net UK carbon account and how “carbon accounting” will work.

134. Subsection (1) allows the Secretary of State to make regulations setting out specifically what
“carbon units” can be used for carbon accounting purposes. “Carbon units” in the regulations can
only be:

• units representing a reduction in the amount of greenhouse gas emissions;
• units representing the removal of greenhouse gas from the atmosphere; or
• units representing greenhouse gas emissions which are allowed under a scheme or
arrangement which limits total emissions of greenhouse gases (for example, under certain
kinds of emissions trading scheme).

135. Subsection (2) allows the Secretary of State to make regulations which contain details of how
carbon units should be registered and kept track of, and allows him to establish and maintain
accounts containing carbon units. Carbon units can be moved between accounts. The intention is
to establish an accounting system broadly similar to, and compatible and co-ordinated with, that
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used to keep track of the UK's assigned amount units (AAUs) and other units issued under the
Kyoto Protocol; subsection (2) specifically provides that the Secretary of State can use an existing
system as the basis of the carbon accounting system.

136. Subsection (3) gives more detail of what the regulations can say. The Secretary of State is
allowed to appoint a body to operate the accounting scheme, to set up a new body for that purpose,
to make provision allowing him to give guidance and directions to the body and to require users
of the scheme to pay charges towards the cost of operating the scheme.

137. Subsection (4) provides that if an existing body is appointed to operate the accounting scheme,
then the Secretary of State can make any necessary amendments to relevant enactments.

138. The procedures relating to the regulations are set out in section 28.

Section 27: Net UK carbon account

139. Subsection (1) defines the term “net UK carbon account” for a budgetary period as being net
UK emissions (as defined in section 29(1)(c)) as decreased by a number of carbon units to be
credited to the account and increased by a number of carbon units to be debited from the account
in accordance with regulations made by the Secretary of State.

140. Subsection (2) provides that the net amount of carbon units credited to the net UK carbon
account must not exceed the limit for the period set by order under section 11. See the notes on
section 11 for details of how the “net amount of carbon units” is calculated.

141. Subsection (3) requires the Secretary of State to make regulations setting out the circumstances
in which carbon units are to be credited to and debited from the net UK carbon account, and the
manner in which it is to be done. For example, the regulations could provide that units purchased
through the EU Emissions Trading Scheme can be treated as units to be credited to the net UK
carbon account.

142. Subsection (4) provides that where carbon units are to be credited to the net UK carbon account,
then provision must be made so that they are no longer available to offset other greenhouse gases:
they must be put beyond use so that they cannot be double-counted.

143. Subsection (5) provides that the regulations must make specific provision for dealing with the
situation where the UK has a cap on emissions under a European or international scheme or
arrangement that is less stringent than the carbon budget for a period, for example, if the UK's
target under the first commitment period of the Kyoto Protocol (2008–2012) is less stringent than
the domestic carbon budget for that period. In that situation, the regulations must provide that the
excess allowances are not used to offset greenhouse gas emissions in the UK or elsewhere.

Section 28: Procedure for regulations under section 26 or 27

144. This section sets out the procedure that must be followed when carbon accounting regulations
are made under section 26 or section 27.

145. Subsection (2) provides that the affirmative resolution procedure must be used in the following
cases:

• for the first set of carbon accounting regulations;
• if the regulations specify a new kind of carbon unit;
• if the regulations alter the value of a carbon unit;
• if the regulations modify primary legislation.

146. Subsection (3) provides that the negative resolution procedure applies in all other situations.
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147. Subsection (4) requires the Secretary of State to consult the devolved administrations before
laying or making the regulations (depending on which Parliamentary process is being used).

148. Subsection (5) requires the Secretary of State to consult the Committee on Climate Change
on the first set of regulations and whenever subsequent regulations specify a new kind of carbon
unit or alter the value of a carbon unit.

Other supplementary provisions

Section 29: UK emissions and removals of greenhouse gases

149. This section defines the terms “UK emissions”, “UK removals” and “net UK emissions” used
in Part 1 of the Act. “UK emissions” are emissions of gases from sources in the United Kingdom;
“UK removals” are removals of gases from the atmosphere as a result of land use, land-use change
or forestry; “net UK emissions” of a gas are calculated by subtracting the amount of UK removals
of the gas from the amount of UK emissions of the gas.

150. Subsection (2) provides that UK emissions and UK removals are to be determined by following
international protocols, such as the United Nations Framework Convention on Climate Change
(UNFCCC) Reporting Guidelines on Annual Inventories. Emissions only count for the purposes
of this Act if they are emissions of greenhouse gases from anthropogenic sources; non-anthropogenic
sources of greenhouse gases (for example, emissions from volcanic activity) are not included in
the figures (see the definition of “emissions” in section 97).

Section 30: Emissions from international aviation or international shipping

151. This section makes provision about greenhouse gas emissions from international aviation or
international shipping. Subsection (1) provides that those emissions do not count as emissions from
sources in the United Kingdom (so they do not count as “UK emissions” under section 29(1)(a))
for the targets and budgeting in Part 1, unless regulations make provision for them to do so.

152. Until such time as regulations are made under subsection (1), section 16(5) requires the
Secretary of State to report the levels of emissions from international aviation and international
shipping, calculated in accordance with international carbon reporting practice (see section 90), in
his annual statement to Parliament. See also section 10(2)(i), which requires the Secretary of State
to take into account the estimated amount of reportable emissions from international aviation and
international shipping in relation to carbon budgets — see the notes on section 10 for more details.

153. Subsection (2) allows the Secretary of State to define in more detail what is meant by
“international aviation or shipping” by affirmative resolution order.

154. Subsection (3) requires the Secretary of State, by 31st December 2012, either:
• to make provision by regulations setting out the circumstances and extent to which
emissions from international aviation or international are to be regarded as being emissions
from sources in the United Kingdom. Under the mechanisms in the Act, any emissions
regarded as being from sources in the United Kingdom are “UK emissions” (see section
29(1)(a)) and count towards calculating and meeting the 2050 target and the carbon budgets,
or
• to lay before Parliament a report saying why he has not made any regulations.

155. Subsection (4) makes it clear that even after the five-year period has expired the Secretary of
State is still allowed to make regulations setting out the circumstances and extent to which emissions
from international aviation or international shipping are to be regarded as being from sources in
the United Kingdom.
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156. Subsection (5) provides that regulations under this section can only deal with emissions of
“targeted greenhouse gases” (see section 24). It also provides that the regulations can, in particular,
provide that emissions from international aviation or international shipping will only count as UK
emissions if they relate to the transport of passengers or goods to or from the United Kingdom.

157. Subsection (6) specifically allows the Secretary of State to make provision in the regulations
about which time periods should be used when calculating UK emissions from international aviation
and international shipping, and how emissions in the base year for the gas should be calculated.
Subsection (7) allows the Secretary of State to assign a different base year for this purpose, or to
assign a number of base years and to treat the average amount of emissions in those years as
emissions in the base year. Subsection (8) explains that the base year for carbon dioxide is 1990
(referred to as the “1990 baseline” in section 1).

Section 31: Procedure for regulations under section 30

158. This section sets out the procedures that the Secretary of State must follow before making
regulations on emissions from international aviation or international shipping under section 30.

159. Subsection (1) places a duty on the Secretary of State to obtain and consider advice from the
Committee on Climate Change. Subsection (2) requires the Committee on Climate Change, as soon
as is reasonably practicable after giving its advice to the Secretary of State, to publish that advice
in any way it thinks is appropriate.

160. Subsection (3) places a duty on the Secretary of State, if making regulations in a way that
differs from the Committee's recommendations, to publish a statement setting out the reasons for
that decision. The statement may be published in any way the Secretary of State thinks is appropriate
(subsection (4)).

161. Subsection (5) provides that regulations made under section 30 are subject to the affirmative
resolution procedure.

Part 2: The Committee on Climate Change

The Committee

Section 32 and Schedule 1: The Committee on Climate Change

162. This section establishes a new, independent, non-departmental public body, the Committee
on Climate Change (in Welsh, y Pwyllgor ar Newid Hinsawdd) and introduces Schedule 1.

Schedule 1: The Committee on Climate Change

163. Schedule 1 makes further provision about the Committee, including provision on its
membership, staff, procedures and other administrative requirements.

164. Paragraphs 1 and 2 make provision in respect of the membership of the Committee on Climate
Change. The Committee will have a chair and between five and eight members (one of whom may
be appointed as the deputy chair) who will be appointed jointly by the Secretary of State the Scottish
Ministers, the Welsh Ministers and the relevant Northern Ireland department (together, the “national
authorities”) after consultation with the chairperson. The Secretary of State may, with the consent
of the other national authorities, amend the number of members by negative resolution order.
Paragraph 1(3) gives a list, in alphabetical order, of the areas of experience and knowledge that are
desirable in the Committee's membership, taken as a whole.
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165. Paragraph 3 provides that a person will be a member of the Committee on the terms which
are set upon appointment (which will include terms about the length of time the person is to serve
on the Committee). Paragraphs 4 to 7 make provision about how members can resign, the situations
in which they can be removed from their posts, and allows the reappointment of members.

166. Paragraphs 8 to 10 allow the national authorities to pay remuneration and allowances to
members, and allow the national authorities to provide pensions for members or to make payments
towards the provision of pensions. They also allow payments of compensation to outgoing members
in special circumstances.

167. Paragraphs 11 to 14 relate to the Committee's employees. The Committee must appoint a chief
executive who has been approved by the national authorities. It may also appoint other employees.
These paragraphs make provision about employees' pay and pensions, and allow employees to be
pensionable under the Principal Civil Service Pension Scheme.

168. Paragraphs 15 to 21 make provision about how the Committee may operate. The Committee
can set up sub-committees, which can include people who are not members of the Committee (and
they may be paid remuneration and allowances).

169. Paragraph 16 establishes a sub-committee of the Committee to be known as the Adaptation
Sub-Committee or, in Welsh, as yr Is-bwyllgor Addasu; it is referred to in the rest of paragraph 16
as “the ASC”. The ASC will have a chair and not less than 5 other members appointed by the
national authorities. Before appointing the ASC chair, the national authorities must consult the
chair of the Committee; the ASC chair must be consulted before ASC members are appointed.
Paragraph 16(4) provides that the ASC's role is to provide the Committee with such advice, analysis,
information or other assistance as it may require in exercising its functions under sections 38(1)(c)
(advice on adaptation requested by national authorities), 57 (advice on report on impact of climate
change) and 59 (reporting on progress in connection with adaptation).

170. The Committee is allowed to regulate its own procedure (including quorum) and sub-committee
procedures. The Committee is required to publish the minutes of its meetings in any manner it
considers appropriate. The Committee may authorise a sub-committee, member or employee to
exercise its functions.

171. Paragraphs 22 to 25 require the Committee to prepare annual reports and annual statements
of accounts; reports and accounts must be laid before Parliament, the Scottish Parliament, the
National Assembly for Wales and the Northern Ireland Assembly. The Committee's accounts will
be audited by the National Audit Office. The Committee is placed under a duty to keep proper
records, and must provide information to the national authorities on request.

172. Paragraph 26 provides that the Committee is not required to publish anything it is prohibited
from publishing or that it would not be required to publish under the Freedom of Information Act
2000 (c.36) or the Environmental Information Regulations 2004 (S.I. 2004/3391).

173. Paragraph 27 provides that the Committee is not a Crown body. It will be a statutory
non-departmental public body, and its employees will not be civil servants.

174. Paragraphs 28 to 35 make amendments to, and provision in relation to, several enactments
relating to public bodies; these have several effects, including that the body is subject to freedom
of information laws, that the chair and members cannot be members of Parliament, and that the
Committee's activities can be subject to investigation by the Scottish Parliament and the appropriate
Parliamentary ombudsman.
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Functions of the Committee

Section 33: Advice on level of 2050 target

175. This section places a duty on the Committee on Climate Change to advise the Secretary of
State on whether the 2050 target in section 1(1) should be amended and if so what the amended
percentage should be. Subsection (2) requires the Committee to provide the reasons for its advice
under this section, and subsection (3) requires the Committee to provide its advice no later than
1st December 2008.

176. Subsection (4) requires the Committee to send a copy of the report to each of the devolved
administrations. Subsection (5) requires the Committee on Climate Change, as soon as is reasonably
practicable after giving its advice to the Secretary of State, to publish that advice in any way it
thinks is appropriate.

Section 34: Advice in connection with carbon budgets

177. This section sets out the Committee on Climate Change's advisory duties in relation to carbon
budgets, and the timing of the advice that must be given.

178. Subsection (1) requires the Committee to give advice on carbon budgets. The Committee must
advise on the levels at which carbon budgets should be set and on the extent to which budgets
should be met by reducing the level of net UK emissions or by the use of carbon units credited to
the net UK carbon account. The Committee must advise on the contributions towards meeting
carbon budgets that should be made by sectors of the economy covered by trading schemes (taken
as a whole) and by other sectors (taken as a whole). The Committee is also required to advise on
sectors of the economy in which there are particular opportunities for contributions to be made
towards meeting carbon budgets through reductions in emissions of targeted greenhouse gases.

179. Subsection (2) gives the Committee an advisory duty that only applies to the 2008–2012 budget
period. The Committee is required to advise the Secretary of State on whether its advice on the
level of the 2008–2012 budget is consistent with meeting a separate target of reducing emissions
to an annual equivalent (as defined in section 5(2)) of 20% below the 1990 baseline, and to set out
what the costs and benefits would be of setting a budget consistent with that target.

180. Subsection (3) requires the Committee to set out the reasons for its advice and subsection (4)
makes provision on the timing of the advice.

181. Subsection (5) imposes upon the Committee a duty to send copies of the advice to the devolved
administrations at the same time as it gives its advice to the Secretary of State. Subsection (6) gives
the Committee a duty to publish its advice in any manner it considers appropriate.

Section 35: Advice on emissions from international aviation and international shipping

182. Subsection (1) of this section places a duty on the Committee on Climate Change to advise
the Secretary of State on the consequences of treating emissions from international aviation and
international shipping as UK emissions for the purposes of the targets and budgets in the Act.

183. Subsection (2) provides that the duty does not apply if, and to the extent that, the Secretary
of State has already made regulations under section 30 which provide for emissions from
international aviation and international shipping to be treated as UK emissions.
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184. Subsection (3) requires the Committee on Climate Change to provide reasons with its advice.
Subsection (4) makes provision on the timing of the advice, requiring the Committee on Climate
Change to give its first advice under this section when it advises on the carbon budget for 2023–2027
(which must be given by 31st December 2010, as calculated in accordance with sections 34(4)(b)
and 4(2)(b)). Subsequent advice must be given at the same time as its advice on carbon budgets.

185. Subsection (5) requires the Committee on Climate Change to send a copy of its advice to the
devolved administrations, and subsection (6) requires it to publish its advice, in such manner as it
considers appropriate, as soon as is reasonably practicable after it has given it to the Secretary of
State.

Section 36: Reports on progress

186. Subsection (1) requires the Committee on Climate Change to make an annual report to
Parliament, the Scottish Parliament, the National Assembly for Wales and the Northern Ireland
Assembly containing its assessment of the progress that has been made towards meeting the carbon
budgets already set and the 2050 target (that is, unless amended, to reduce the net UK carbon
account to at least 80% below 1990 levels); the further progress that is needed to meet the budgets
and that target; and whether the budgets and that target are likely to be met.

187. Subsection (2) applies to progress reports in the second year after the end of each budget
period (for example, for the 2008–2012 budget period, in 2014; the final figures for a budget period
are not available until the second year after it ends). In those reports, the Committee is required to
give its views on the manner in which the budget was or was not met, and its views on the action
taken to reduce net UK emissions during the budgetary period.

188. Subsection (3) provides that the first report under this section must be laid by 30th September
2009, to take into account the fact that the Secretary of State is required to set the first three budgets
by 1st June 2009 (see section 4(2)). Subsection (4) provides that each subsequent report under this
section, other than the one in the second year after the end of a budgetary period, must be laid by
30th June in the year in which it is made.

189. Subsection (5) requires that each report in the second year after the end of a budgetary period
must be laid by 15th July in the year in which it is made.

190. Subsections (6) to (8) allow the Secretary of State to amend the timing of the report by negative
resolution order after consulting the devolved administrations.

191. See also section 59, which requires the Committee to provide progress reports on the
implementation of the UK Government's adaptation programmes under section 58. See the notes
on section 59 for more detail on the timing of those progress reports.

Section 37: Response to Committee's reports on progress

192. This section places a duty on the Secretary of State to lay before Parliament a response to the
points raised by each of the Committee on Climate Change's annual progress reports.

193. Subsection (2) requires the Secretary of State to consult the devolved administrations on a
draft of the response. Subsection (3) provides that the response to the Committee's first report must
be laid no later than 15th January 2010. Subsection (4) provides that each subsequent report must
be laid by 15th October in the year the Committee's report was made.

194. Subsections (5) and (6) allow the Secretary of State to change the deadline by negative
resolution order. This provision is to allow flexibility (it might, for example, be used to allow for
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the consequences of future international treaties on climate change necessitating a change to the
date when the Committee makes its report).

195. This section will also require the Secretary of State to respond to any points raised by the
Committee in its progress reports under section 59 in relation to progress made in implementing
the adaptation programmes under section 58. See the notes on section 59 on the timing of those
reports. Also of relevance is section 82, which repeals a reporting requirement under section 2(a)
of the Climate Change and Sustainable Energy Act 2006 (c.19).

Section 38: Duty to provide advice or other assistance on request

196. Subsection (1) requires the Committee on Climate Change to provide advice, analysis,
information or other assistance, when requested to do so, to the Secretary of State, the Scottish
Ministers, the Welsh Ministers or the relevant Northern Ireland department (together, the “national
authorities”). Any request can be made if it relates to an authority's functions under the Act, the
progress that is being made towards meeting objectives set under the Act, to adaptation to climate
change or to climate change generally.

197. Subsection (2) gives specific examples of what may be required of the Committee, including
advice on caps on activities under trading schemes or assistance in the preparation of statistics.

198. Subsection (3) gives the Committee a duty to provide a devolved administration (not the
Secretary of State), when requested to do so, with advice, analysis, information or other assistance
on a target, budget or similar requirement it has adopted (whether or not the target, budget or similar
requirement is contained in legislation) or which has been imposed on it. For example, the Committee
would, if requested to do so, be required to advise the Scottish Ministers in relation to any target
adopted under an Act of the Scottish Parliament.

Supplementary provisions

Section 39: General ancillary powers

199. Subsection (1) gives the Committee on Climate Change the power to do anything that appears
to it necessary or appropriate for the purpose of, or in connection with, the carrying out of its
functions. Subsections (2) and (3) set out examples to illustrate the scope of the power. Ancillary
powers are not freestanding; they may be used only to facilitate the exercise of formal functions.
Subsection (4) requires the Committee to have regard to the desirability of involving the public in
the exercise of its functions.

Section 40: Grants to the Committee

200. This section enables each national authority (the Secretary of State, the Scottish Ministers,
the Welsh Ministers and the relevant Northern Ireland department) to fund the Committee on
Climate Change. National authorities may impose conditions when giving a grant (for example, a
condition requiring the Committee to supply a financial memorandum or enter into a management
agreement).

Section 41: Powers to give guidance

201. This section makes provision on how the Committee on Climate Change can be given guidance
on how to carry out its functions. The Committee is required to “have regard” to guidance (see
subsection (5)) — this means that the Committee must take the guidance into account when
exercising the function.
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• Subsection (1) provides that any guidance on the Committee's functions generally or its
functions under Schedule 1 is to be given by the national authorities (and this means that
such guidance must be given jointly by all the national authorities: see section 95(2));
• Subsection (2) provides that any guidance given on the Committee's functions under Part
1 of the Act (for example, the function of advising on an amendment of the 2050 target),
on its advice on the level of the 2050 target and on carbon budgets under sections 33 and
34, in connection with international aviation and international shipping under section 35,
on the report on the impact of climate change under section 57 or on its duty to make progress
reports under section 36 or 59 is to be given by the Secretary of State. Unless he is only
issuing guidance in relation to the Committee's functions under section 59, the Secretary
of State must consult the devolved administrations;
• Subsection (3) provides that any guidance given on the Committee's duty to provide advice
or other assistance under section 38 or on trading schemes under section 48 is to be given
by the national authority seeking the advice or other assistance. If two or more national
authorities are seeking the advice or other assistance, then the guidance must be given
jointly.

Section 42: Powers to give directions

202. This section makes provision on how the Committee on Climate Change can be given directions
on how to carry out its functions. The Committee is required to comply with the directions (see
subsection (6)), but the Committee cannot be given directions as to the content of any advice or
report (see subsection (4)).

• Subsection (1) provides that any direction on the Committee's functions generally or its
functions under Schedule 1 is to be given (jointly) by the national authorities;
• Subsection (2) provides that any direction given on the Committee's functions under Part
1 of the Act (for example, the function of advising on an amendment of the 2050 target),
on its advice on the level of the 2050 target and on carbon budgets under sections 33 and
34, in connection with international aviation and international shipping under section 35,
on the report on the impact of climate change under section 57 or on its duty to make progress
reports under section 36 or 59 is to be given by the Secretary of State. Unless he is only
issuing directions in relation to the Committee's functions under section 59, the Secretary
of State must consult the devolved administrations;
• Subsection (3) provides that any direction given on the Committee's duty to provide advice
and other assistance under section 38 or on trading schemes under section 48 is to be given
by the national authority seeking the advice or other assistance. If two or more national
authorities are seeking the advice or other assistance, then the directions must be given
jointly.

Part 3: Trading Schemes

Trading schemes

Section 44: Trading schemes

203. This section provides the relevant national authority (defined in section 47 as the Secretary
of State, the Scottish Ministers, the Welsh Ministers or the relevant Northern Ireland department)
with the power to set up trading schemes relating to greenhouse gas emissions using secondary
legislation.
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204. Subsection (2)(a) provides for trading schemes which limit activities that consist of the emission
of greenhouse gases, or that directly or indirectly lead to such emissions (for example, “cap and
trade schemes” which cap emissions from a particular set of activities and allow trading of emissions
within the cap). Subsection (2)(b) provides for trading schemes which encourage activities that
directly or indirectly lead to a reduction in greenhouse gas emissions or the removal of greenhouse
gases from the atmosphere.

Section 45: Activities to which trading schemes may apply

205. This section sets out what activities are regarded as indirectly causing or contributing to
greenhouse gas emissions or reductions in greenhouse gas emissions. It also makes provision in
relation to the location of activities and emissions covered by this Part.

206. Subsection (1) sets out the types of activity which are considered to be indirect causes of, or
contributors to, greenhouse gas emissions, such as activities which involve the use of energy or
those involving the supply of something the use of which would lead to greenhouse gas emissions.
For example, the supply of a heating fuel would be regarded as indirectly causing emissions because
it leads to emissions at the point of use by the consumer. Subsection (2) provides that reductions
in the level of those activities are to be regarded as indirectly causing or contributing to reductions
in greenhouse gas emissions.

207. Subsection (3) provides that Part 3 of the Act applies to activities carried out in the United
Kingdom, regardless of where emissions, or reductions in emissions, actually occur.

Section 46 and Schedule 2: Matters that may or must be provided for in trading schemes

208. Subsections (1) and (2) introduce Schedule 2 to the Act, which gives further details about
regulations establishing trading schemes. Subsection (3) provides that regulations may also contain
provision about their application to the Crown.

Schedule 2: Trading schemes

209. Schedule 2 makes specific provision on what may or must be included in regulations
establishing trading schemes. Parts 1 and 2 make provision, respectively, in relation to trading
schemes operating to achieve different results; but it is possible to make trading schemes that
operate to achieve both types of results by combining different elements of those Parts.

210. Part 1 of Schedule 2 contains details of what can or must be included in a trading scheme
which operates by limiting, or encouraging the limitation of, activities that consist of or lead to
emissions of greenhouse gases. For example, the Carbon Reduction Commitment, a proposed
scheme to reduce energy use, would be a scheme under Part 1 of Schedule 2.

211. A trading scheme under Part 1 must operate by having trading periods (paragraph 2), by
defining the activities covered by the scheme (paragraph 3(1)) and by specifying scheme “units”
(which may be specified by reference to the activities themselves, things consumed or used for
their purposes, things produced by the activities or other consequences of the activities) (paragraph
3(3) and (4)). The scheme must define the participants covered by it; participants may be defined
by reference to criteria (paragraph 4).

212. A scheme under Part 1 may provide for allowances to be allocated to participants; allowances
represent the right to carry out a specified amount of the activity covered by the scheme. But the
regulations cannot provide for allowances to be allocated in return for payment (paragraph 5). Any
provisions for auctioning allowances would be contained in different legislation (for example, a
Finance Act).
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213. The scheme rules may require a participant to have or acquire a certain number of allowances
to cover his activities in a trading period (paragraph 6). A scheme may also allow or require the
participant to purchase defined credits to offset his activities, but the regulations can also place
limits on the use of credits (paragraph 7). A scheme might also operate by requiring payments to
be made if the participant did not hold a sufficient number of allowances or credits (paragraph 8).

214. A scheme under Part 1 must allow trading in allowances or credits under the scheme, and the
scheme must set out the circumstances in which trading will operate. Third parties (who would not
otherwise be participants) may also be allowed to trade (paragraph 9). A trading scheme may also
specify that activities can only be carried out if the participant holds a permit (paragraph 10) and
may allow recognition of allowances, credits, certificates or other units issued under other trading
schemes (whether at domestic, European or international level) (paragraph 11).

215. Part 2 of Schedule 2 contains details of what can or must be included in a trading scheme
which operates by encouraging activities that consist of, or that cause or contribute (directly or
indirectly) to reductions in greenhouse gas emissions or the removal of greenhouse gases from the
atmosphere.

216. A trading scheme under Part 2 must operate by having trading periods (paragraph 13), by
defining the activities covered by the scheme (paragraph 14(1)) and by specifying scheme “units”
(which may be specified by reference to the activities themselves, things consumed or used for
their purposes, things produced by the activities or other consequences of the activities) (paragraph
14(3) and (4)). The scheme must define the participants covered by it; participants can be defined
by reference to criteria (paragraph 15).

217. A scheme under Part 2 must set targets for participants to achieve in the trading period
(paragraph 16). They must provide for the issue of certificates to participants; certificates act as
evidence of the amount of the activity that has carried on, but can also be used as evidence of the
activity of another person. The scheme must require each participant to have, at the end of a trading
period, enough certificates to meet his target (paragraph 17), and may provide that a participant
who does not have enough certificates should have to make payments (paragraph 18).

218. A scheme under Part 2 must allow trading in certificates under the scheme, and the scheme
must set out the circumstances in which trading will operate. Third parties (who would not otherwise
be participants) may also be allowed to trade (paragraph 19). A trading scheme may allow recognition
of allowances, credits, certificates or other units issued under other trading schemes (whether at
domestic, European or international level) (paragraph 20).

219. Part 3 of Schedule 2 makes provision on the administration and enforcement of trading schemes.

220. The regulations may appoint an administrator of the scheme and impose functions on him;
the administrator must be one of the national authorities or a public body, or a combination of any
of these (paragraph 21). The administrator of a trading scheme is the body which operates the
scheme on a day-to-day basis.

221. The regulations can require the disclosure of information to the administrator, national
authorities or participants (paragraph 22). A scheme may provide for the creation and maintenance
of registers to keep track of participants, their obligations, trading and other information in the
scheme (paragraph 23). The regulations can allow certain information to be published (paragraph
24); for example, they might provide for the publication of a list showing participants' performance
in the scheme.
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222. The scheme can allow the administrator to buy trading units in other schemes, which may be
schemes made under the Act or other similar schemes such as the EU Emissions trading scheme
(paragraph 25). The scheme may also require the payment of charges covering all or part of the
costs of the scheme; the charges may be imposed on participants and other people eligible to trade
in allowances, credits or certificates (paragraph 26).

223. The scheme can include provision setting out how compliance with the scheme is to be
monitored and on the keeping of records by participants, the provision of information, audit and
the inspection of premises (paragraph 27). The scheme can also make further provision for
enforcement of the scheme where it is reasonably believed that there has been a failure to comply
with the scheme's requirements (paragraph 28).

224. The scheme can make provision for the imposition of civil financial penalties or other types
of penalty for failure to comply with the scheme rules (paragraph 29) and creating criminal offences
relating to the scheme (paragraph 30). A scheme may also make provision for appeals against
decisions and enforcement action, and allow those appeals to be heard by independent appointed
persons (paragraph 31).

Authorities and regulations

Section 47: Relevant national authorities

225. This section defines who is the “relevant national authority” in relation to trading schemes,
and in doing so sets out the scope of the powers available to each national authority.

• Subsection (2) allows the Scottish Ministers to make trading schemes within the scope of
the legislative competence of the Scottish Parliament (that is, to the extent that the Scottish
Parliament would have been able to make a trading scheme of its own accord).
• Subsection (3) allows the Welsh Ministers to make trading schemes in relation to matters
that relate to limiting, or encouraging the limiting of, activities in Wales that consist of the
emission of greenhouse gases, with the exception of activities in connection with offshore
oil and gas exploration and exploitation. If the National Assembly for Wales gains legislative
competence that would enable it to make trading schemes of its own accord, the power of
the Welsh Ministers to make trading schemes under this Part will extend to match the scope
of that legislative competence. Subsection (4) defines “offshore oil and gas exploration and
exploitation” to have the same meaning it has in the National Assembly for Wales (Transfer
of Functions) Order 2005 (S.I. 2005/1958) and defines “Wales”, for the purpose of subsection
(3), by reference to section 158(1) of the Government of Wales Act 2006 (c.32). This
definition includes the sea adjacent to Wales out as far as the seaward boundary of the
territorial sea.
• Subsection (5) allows the Secretary of State or the relevant Northern Ireland department
to make trading schemes in relation to reserved matters under the Northern Ireland Act
1998 (c.47); the relevant Northern Ireland department may make trading schemes covering
reserved matters, but only with the Secretary of State's consent (see section 48(6)).
• Subsection (6) allows the relevant Northern Ireland department to make trading schemes
in relation to all other matters within the scope of the legislative competence of the Northern
Ireland Assembly (that is, to the extent that the Northern Ireland Assembly would have
been able to make a trading scheme of its own accord on “transferred matters” under the
Northern Ireland Act 1998).
• Subsection (7) provides that the Secretary of State has the power to make trading schemes
in relation to all other matters.
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Section 48: Procedure for making regulations

226. This section sets out the procedure which must be followed when regulations under Part 3
containing a trading scheme are made or amended. It includes a requirement to consult persons
likely to be affected by the scheme, a requirement to seek advice from the Committee on Climate
Change and rules on parliamentary procedure.

227. Subsection (1) provides that before making regulations about trading schemes, the relevant
national authority must consult such persons as it considers are likely to be affected by the
regulations, and also that it must seek, and take account of, advice from the Committee on Climate
Change. In the case of schemes limiting activities, the authority must in particular obtain the
Committee's advice on the appropriate level of the limit (subsection (2)).

228. Subsection (3) sets out the circumstances in which the affirmative resolution procedure applies
to the making of regulations (such as where a new scheme is established, the application of an
existing scheme is extended, the burden on participants is increased, where enforcement powers
are strengthened or where the regulations amend primary legislation). Subsection (4) requires that
the affirmative resolution procedure also applies to the first set of regulations which contain
provisions relating to appeals.

229. Subsection (5) provides that the negative resolution procedure applies at all other times.

230. Subsection (6) makes special provision in relation to “reserved matters” in Northern Ireland.
The relevant Northern Ireland department is allowed to make provision in a trading scheme dealing
with a reserved matter under the Northern Ireland Act 1998 (c.47) only if it has obtained the
Secretary of State's consent.

Section 49 and Schedule 3: Further provisions about regulations

231. This section introduces Schedule 3, which makes further provision on the procedures to be
followed when making regulations containing trading schemes.

Schedule 3: Trading schemes regulations: further provisions

232. Part 1 of Schedule 3 sets out the procedure to be followed where regulations are made by a
single national authority. Paragraph 2 sets out the affirmative resolution procedure applying in
Parliament and the devolved legislatures. Paragraph 3 sets out the negative resolution procedure
applying in Parliament and the devolved legislatures. Paragraph 4 allows any regulations that could
be made using the negative resolution procedure to be made using the affirmative resolution
procedure; this will allow, say, amendments which would otherwise have to be made using different
procedures to be made in the same instrument.

233. Part 2 of Schedule 3 sets out the process where regulations are made jointly between the
Secretary of State and/or the Welsh Ministers and/or the relevant Northern Ireland department. The
affirmative and resolution procedures apply as they do in Part 1 of Schedule 3. Where the affirmative
resolution procedure applies, if either House of Parliament or the relevant devolved legislature does
not approve the instrument, then the instrument cannot be made. Where the negative resolution
procedure applies, if either House of Parliament or the relevant devolved legislature resolves that
the regulations should be annulled, then nothing further can be done under the instrument and it
may be revoked by Order in Council.

234. Part 3 of Schedule 3 sets out the process for making joint trading schemes by Her Majesty by
Order in Council. The Order in Council procedure is to be used in two situations. First, where a
scheme extends or applies both to Scotland and to one or more of England, Wales and Northern

Climate Change Act 2008  Page 185

212  



Ireland. Secondly, where a scheme relates to matters which are within the legislative competence
of the Scottish Parliament and also to other matters which are not within its legislative competence.
Where the affirmative resolution procedure would apply to regulations making the same provision,
Her Majesty cannot make an Order in Council unless all the relevant legislatures have passed a
resolution approving a draft of the Order in Council. Where the negative resolution procedure
would apply to regulations making the same provision, the Order in Council is laid before all the
relevant legislatures; if any of them resolves that the Order in Council should be annulled, then
nothing further can be done under the Order in Council and Her Majesty may revoke it.

Other supplementary provisions

Section 50 and Schedule 4: Information

235. This section introduces Schedule 4 to the Act, which contains powers to enable the collection
of information for the purpose of developing a trading scheme. Schedule 4 allows the national
authorities and certain agencies to require, by notice, electricity suppliers and potential participants
in a trading scheme to provide information required for the establishment of the scheme.

236. Subsection (2) is a “sunset” provision. It provides that the information-gathering (but not the
information-sharing) powers in Schedule 4 will cease to have effect on 1st January 2011, the date
by which it is anticipated that they will no longer be required.

Schedule 4: Trading schemes: powers to require information

237. Schedule 4 contains powers that could be contained in regulations made under Part 3 of the
Act. The intention behind providing these specific powers on the face of the Act is to allow
information to be gathered for the establishment of the Carbon Reduction Commitment, a new
trading scheme, within a relatively short time-scale.

238. Schedule 4 makes provision about who is able to exercise the information gathering powers;
these are the national authorities, the Environment Agency and the Scottish Environment Protection
Agency, collectively referred to as the “environmental authorities” (paragraph 1).

239. It provides that the environmental authorities can seek information, for the purposes of enabling
a trading scheme to be established, from electricity suppliers and distributors (paragraph 2) and
from the potential participants in a trading scheme (paragraph 3). The information that may be
collected includes, among other things, information about contact details, electricity meters, levels
of electricity consumption and any climate change agreements (within the meaning of Schedule 6
to the Finance Act 2000 (c.17)) that have been entered into.

240. If an environmental authority requests information (in writing) from a person under this
Schedule, and the person does not comply with the request within 28 days, the authority may issue
a formal notice requesting the information. Paragraph 4 sets out the requirements relating to such
formal notices. A person who fails, without reasonable excuse, to comply with a notice, or who
provides false or misleading information (either knowingly, or suspecting that it is false or
misleading) is guilty of a summary offence and liable to a fine not exceeding level 5 on the standard
scale (currently £5000). (paragraph 5).

241. Paragraph 6 allows information collected using the powers in Schedule 4 to be shared with
the other environmental authorities or with the administrator of the trading scheme. This is the only
paragraph in the Schedule which is not subject to the sunset provision in section 50(2).

Climate Change Act 2008  Page 186

213  



Section 51: Powers to give guidance

242. This section gives the relevant national authority (see section 47) the power to give guidance
to an administrator of a trading scheme about how to carry out its functions. The administrator is
required to have regard to guidance issued to it.

Section 52: Powers to give directions

243. This section gives the relevant national authority (see section 47) the power to give general
or specific directions to an administrator of a trading scheme. The administrator must comply with
directions given under this section.

Section 53: Grants to administrators and participants

244. This section enables the relevant national authority (see section 47) to make grants to
participants of trading schemes and impose conditions when giving a grant.

Section 54: Power to make consequential provision

245. This section gives the relevant national authority (see section 47) the power to make regulations
amending, repealing or revoking primary or secondary legislation as a consequence of regulations
made under this Part of the Act, and to make any transitional and saving provisions in connection
with such amendments, repeals and revocations.

Interpretation

Section 55: Interpretation of Part 3

246. This section defines the terms “administrator”, “participant” and “trading period” used in Part
3.

Part 4: Impact of and adaptation to climate change

National reports and programmes

Section 56: Report on impact of climate change

247. This section places a duty on the Secretary of State to lay reports before Parliament assessing
the risks of the current and predicted impact of climate change for the UK, which might include
the risks to the natural environment, to infrastructure, to the economy, to society or any other risks.

248. Subsections (2) and (3) require the Secretary of State to lay the first report before Parliament
no later than three years after the section comes into force, and subsequent reports at intervals of
no more than five years. Subsection (4) allows the Secretary of State to extend the period for laying
a report, but requires him to publish a statement setting out his reasons and saying when the report
will be laid.

249. Subsection (5) requires the Secretary of State to take the Committee on Climate Change's
advice under section 57 into account before laying the report before Parliament and subsection (6)
places a duty on the Secretary of State to send a copy of the report to the other national authorities
(defined in section 95 as the Scottish Ministers, the Welsh Ministers and the relevant Northern
Ireland department).

Section 57: Advice of Committee on Climate Change on impact report

250. Subsection (1) of this section requires the Committee on Climate Change to provide the
Secretary of State with advice in relation to his reports assessing the risks of climate change to the
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United Kingdom under section 56. Section 56(5) requires the Secretary of State to take the
Committee's advice into account before laying his reports before Parliament.

251. Subsection (2) requires the Committee to give its advice at least six months before the Secretary
of State is required to lay his reports before Parliament — under section 56, the first report must
be laid before Parliament within 3 years after the Act receives Royal Assent, with subsequent
reports at least every five years.

252. Subsection (3) requires the Committee to send copies of its advice to the other national
authorities (see section 95) at the same time as it gives its advice to the Secretary of State and
subsection (4) requires it to publish its advice in an appropriate manner as soon as is reasonably
practical after that.

Section 58: Programme for adaptation to climate change

253. This section requires the Secretary of State to prepare UK Government adaptation programmes.

254. Subsection (1) places a duty on the Secretary of State to lay before Parliament adaptation
programmes covering the Government's objectives in relation to adaptation to climate change, and
its proposals and policies for meeting these objectives (indicating an appropriate timescale). The
programme should address the risks identified in the most recent report under section 56.

255. Subsection (2) provides that the objectives, proposals and policies should contribute to
sustainable development.

256. Subsection (3) requires the Secretary of State to lay the adaptation programme before Parliament
as soon as is reasonably practicable after laying his report on the risks of climate change under
section 56. Subsection (4) requires him to send a copy of each programme to the other national
authorities.

Section 59: Reporting on progress in connection with adaptation

257. This section places a duty on the Committee on Climate Change to report to Parliament on its
assessment of the progress made towards the implementation of the objectives, proposals and
policies in the Secretary of State's adaptation programmes under section 58.

258. Subsection (1) sets out the basic duty, and provides that progress reports on adaptation should
be contained in the reports on progress towards meeting carbon budgets and the 2050 target required
by section 36.

259. Subsection (2) sets out the timing of the progress reports under this section. The first progress
report is to be made in the second year after the Secretary of State lays his first adaptation programme
under section 58. This means that if the first adaptation programme is laid before Parliament in
2012, the Committee's first report on the progress made towards implementing must be laid before
Parliament by 30th June 2014 (as required, for 2014, by section 36(4)). In accordance with section
37(4), the Secretary of State would be obliged to respond to that report by 15th October 2014.

260. Subsection (3) provides that subsequent progress reports are to be laid before Parliament every
two years, unless the Secretary of State makes an order under subsection (4) to require annual
progress reporting. Subsection (5) states that the negative resolution procedure (see section 91)
applies to orders made under subsection (4).

Section 60: Programme for adaptation to climate change: Northern Ireland
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261. This section requires the relevant Northern Ireland department to prepare adaptation
programmes.

262. Subsection (1) places a duty on the relevant Northern Ireland department to lay before the
Northern Ireland Assembly adaptation programmes covering its objectives in relation to adaptation
to climate change, and its proposals and policies for meeting these objectives (indicating an
appropriate a timescale). The programme should address the risks identified in the most recent
report under section 56.

263. Subsection (2) provides that the objectives, proposals and policies should contribute to
sustainable development. Subsection (3) provides that subsequent programmes must include an
assessment of the progress made towards implementing the objectives, proposals and policies in
the earlier programmes.

264. Subsection (4) requires the relevant Northern Ireland department to lay the adaptation
programme before the Northern Ireland Assembly as soon as is reasonably practicable after the
report under section 56 has been laid before Parliament and subsection (5) requires the department
to send a copy of it to the Secretary of State, the Scottish Ministers and the Welsh Ministers.

Reporting authorities: non-devolved functions

Section 61: Guidance by Secretary of State to reporting authorities

265. This section gives the Secretary of State a power to issue guidance to “reporting authorities”.
The term “reporting authority” is defined in section 70(1) to mean any person or body with functions
of a public nature, and statutory undertakers.

266. Subsection (1) gives the Secretary of State the power to issue guidance. It provides that the
guidance may deal with how reporting authorities should assess the current and predicted impact
of climate change, how they should prepare proposals and policies to adapt to climate change and
how they should co-operate with other reporting authorities when assessing the impact of climate
change and preparing those proposals and policies.

267. Subsection (2) means that the guidance will not apply to a reporting authority's “devolved
functions”. Section 70 sets out how to determine what a reporting authority's “devolved functions”
are — see the notes on that section for more detail.

Section 62: Directions by Secretary of State to prepare reports

268. This section allows the Secretary of State to require reporting authorities, individually or
jointly with other reporting authorities, to prepare reports on adaptation.

269. Subsection (1) provides that the Secretary of State may require a reporting authority to prepare
a report covering any or all of the following matters:

• an assessment of the current and predicted impact of climate change on the authority's
functions;
• a statement setting out the authority's proposals and policies for adapting to climate change,
and its timescales for introducing the proposals and policies;
• an assessment of the progress the authority has made towards implementing any proposals
and policies contained in an earlier report.

270. Subsection (2) allows the Secretary of State to require two or more authorities to prepare a
joint report. Subsection (3) allows the Secretary of State to give directions to the reporting authority
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about the timing of the report and the matters it should cover, and allows the Secretary of State to
limit the report's coverage to a particular geographical area.

271. Subsection (4) has the effect that the Secretary of State cannot require an authority to produce
a report dealing with how it will adapt to the impact of climate change in relation to its “devolved
functions” (defined in section 70 — see the notes on that section for more information). But the
Secretary of State can require the report to cover all of the authority's other, non-devolved, functions.

Section 63: Compliance with Secretary of State's directions

272. This section requires any reporting authority issued with directions under section 62 to comply
with them and sets out other details of how they must prepare their reports.

273. Subsection (1) sets out the basic duty on reporting authorities to comply with directions.
Subsection (2) provides that where two or more reporting authorities have been directed to prepare
a joint report, then they must take reasonable steps to cooperate with one another in preparing it.

274. Subsection (3) lists a number of reports and programmes that all reporting authorities must
have regard to when preparing their own reports following a direction from the Secretary of State:

• the Secretary of State's most recent report on the current and predicted risks of climate
change under section 56;
• the Secretary of State's most recent adaptation programme under section 58; and
• any guidance issued by the Secretary of State under section 61.

But reporting authorities need have regard to those reports and programmes only so far as they are
relevant.

275. Subsection (4) applies where the Secretary of State directs a reporting authority which has
functions exercisable in or as regards Wales or which has “devolved Welsh functions” (as defined
in subsections (6) and (7) of section 70). In those circumstances, the authority must also have regard,
so far as is relevant, to:

• any guidance issued by the Welsh Ministers under section 66;
• the Welsh Ministers' most recent report on climate change under section 80.

276. Subsection (5) requires a reporting authority to send a copy of its report to the Secretary of
State. Subsection (6) requires the Secretary of State to publish the report in such manner as he
considers appropriate, but subject to the exceptions in subsection (7). Under subsection (7), the
Secretary of State is not required to publish anything that he could refuse to disclose under the
Freedom of Information Act 2000 (c.36) or under the Environmental Information Regulations 2004
(S.I. 2004/3391) or which he is prohibited from disclosing by any enactment.

277. Subsection (8) requires reporting authorities to have regard to their own reports in the exercise
of all of their functions other than their “devolved functions” (see section 70 for the definition).

Section 64: Consent of, or consultation with, devolved authorities

278. This section deals with situations where one or more of the “devolved authorities” (as defined
in section 70(3)) has an interest or is involved in a function covered by the Secretary of State's
guidance under section 61 or in directions given by the Secretary of State under section 62. For
example, the Secretary of State may wish to issue guidance to reporting authorities in an area where
he would normally only have the power to act with the consent of, or following consultation with,
one or more of the devolved authorities; this section sets out the procedures the Secretary of State
must follow.
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279. Subsection (1) sets out two situations in which the Secretary of State is required to obtain the
consent of a devolved authority before issuing guidance under section 61 or directions under section
62:

• the first situation, under paragraph (a), is where the guidance or directions relate to a
function of a reporting authority in relation to which a function is exercisable jointly by the
devolved authority and a Minister of the Crown. For example, certain functions on the
Welsh border are exercisable jointly by the Secretary of State and the Welsh Ministers;
before issuing guidance relating to those functions, the Secretary of State would be required
to obtain the consent of the Welsh Ministers;
• the second situation, under paragraph (b), is where a function of a reporting authority
relates to a function exercisable by a Minister of the Crown but only with the agreement of
the devolved authority.

280. Subsection (2) sets out two situations in which the Secretary of State is required to consult a
devolved authority before issuing guidance under section 61 or directions under section 62:

• the first situation, under paragraph (a), is where a devolved authority has a function which
relates to a reporting authority's function, but in exercising its function the devolved authority
is not required to do so jointly with a Minister of the Crown. This covers situations where
a devolved authority and a Minister of the Crown have concurrent functions which cover
the same or similar ground but are exercisable independently;
• the second situation, under paragraph (b), is where a reporting authority's function relates
to a function of a Minister of the Crown which may only be exercised after consulting the
devolved authority.

Section 65: Report on exercise of power to give directions

281. Subsection (1) of this section requires the Secretary of State to lay reports before Parliament
setting out how he intends to exercise his powers under section 62.

282. Subsection (2) provides that the Secretary of State must state the circumstances in which he
is likely to give directions to reporting authorities, and the authorities (or kinds of authorities) to
whom directions should be given as a matter of priority; subsection (3) provides that this does not
affect the Secretary of State's general discretion as to how he may exercise his power to issue
directions.

283. Subsection (4) requires the Secretary of State to consult, as appropriate, persons likely to be
affected by his report before he lays it before Parliament.

284. Subsection (5) requires the Secretary of State to lay his first report before Parliament within
12 months of the Act obtaining Royal Assent. Subsection (6) provides that subsequent reports must
be laid before Parliament no later than the time he lays his adaptation programme under section 58
before Parliament (this means that there will be reports at least every 5 years).

285. Subsection (7) requires the Secretary of State to send a copy of each report to each of the other
national authorities.

Reporting authorities: devolved Welsh functions

Section 66: Guidance by Welsh Ministers to reporting authorities

286. This section gives the Welsh Ministers a power to issue guidance to reporting authorities in
relation to their devolved Welsh functions. It provides that the guidance may deal with how reporting
authorities should assess the current and predicted impact of climate change, how they should
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prepare proposals and policies to adapt to climate change, and how they should co-operate with
other reporting authorities when adapting to climate change.

287. Subsections (6) and (7) of section 70 set out how to determine what a reporting authority's
“devolved Welsh functions” are — see the notes on section 70 for more detail.

Section 67: Directions by Welsh Ministers to prepare reports

288. This section allows the Welsh Ministers to require reporting authorities, individually or jointly
with other reporting authorities, to prepare reports on adaptation in relation to their devolved Welsh
functions.

289. Subsection (1) provides that the Welsh Ministers may require a reporting authority to prepare
a report covering any or all of the following matters:

• an assessment of the current and predicted impact of climate change on the authority's
devolved Welsh functions;
• a statement setting out the authority's proposals and policies for adapting to climate change
in relation to its devolved Welsh functions and its timescales for introducing the proposals
and policies;
• an assessment of the progress the authority has made towards implementing any proposals
and policies contained in an earlier report.

290. Subsection (2) allows the Welsh Ministers to require two or more authorities to prepare a joint
report. Subsection (3) allows the Welsh Ministers to give directions to the reporting authority about
the timing of the report and the matters it should cover, and allows the Welsh Ministers to limit the
report's coverage to a particular geographical area.

291. The Welsh Ministers can only require a reporting authority to produce a report dealing with
the authority's “devolved Welsh functions”. See the notes on subsections (6) and (7) of section 70
for an explanation of what this covers.

Section 68: Compliance with Welsh Ministers' directions

292. This section requires any reporting authority issued with directions under section 67 to comply
with them and sets out other details of how they must prepare their reports.

293. Subsection (1) sets out the basic duty on reporting authorities to comply with directions.
Subsection (2) provides that where two or more reporting authorities have been directed to prepare
a joint report, then they must take reasonable steps to cooperate with one another in preparing it.

294. Subsection (3) lists a number of reports and programmes that all reporting authorities must
have regard to when preparing their own reports following a direction from the Welsh Ministers:

• the Secretary of State's most recent report on the current and predicted risks of climate
change under section 56;
• the Secretary of State's most recent adaptation programme under section 58;
• any guidance issued by the Secretary of State under section 61;
• any guidance issued by the Welsh Ministers under section 66;
• the Welsh Ministers' most recent report on climate change under section 80.

But reporting authorities need have regard only to those reports and programmes so far as they are
relevant.

295. Subsection (4) requires a reporting authority to send a copy of its report to the Welsh Ministers.
Subsection (5) requires the Welsh Ministers to publish the report in such manner as they consider
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appropriate, but subject to the exceptions in subsection (7). Under subsection (6), the Welsh Ministers
are not required to publish anything that they could refuse to disclose under the Freedom of
Information Act 2000 (c.36) or under the Environmental Information Regulations 2004 (S.I.
2004/3391) or which they are prohibited from disclosing by any enactment.

296. Subsection (7) requires reporting authorities to have regard to their own reports in the exercise
of all of their “devolved Welsh functions” (see section 70 for the definition).

Section 69: Consent of, or consultation with, Secretary of State

297. This section deals with situations where the Secretary of State has an interest or is involved
in a function covered by the Welsh Ministers' guidance under section 66 or in directions given by
the Welsh Ministers under section 67. For example, the Welsh Ministers may wish to issue guidance
to reporting authorities in an area where they would otherwise have the power to act only with the
consent of, or following consultation with, a Minister of the Crown; this section sets out the
procedures the Welsh Ministers must follow.

298. Subsection (1) sets out two situations in which the Welsh Ministers are required to obtain the
consent of the Secretary of State before issuing guidance under section 66 or directions under
section 67:

• the first situation, under paragraph (a), is where the guidance or directions relate to a
function of a reporting authority in relation to which a function is exercisable jointly by a
Minister of the Crown and the Welsh Ministers, the First Minister or the Counsel General.
For example, certain functions on the Welsh border are exercisable jointly by the Secretary
of State and the Welsh Ministers; before issuing guidance relating to those functions, the
Welsh Ministers would be required to obtain the consent of the Secretary of State;
• the second situation, under paragraph (b), is where a function of a reporting authority
relates to a function exercisable by the Welsh Ministers, the First Minister or the Counsel
General but only with the agreement of a Minister of the Crown.

299. Subsection (2) sets out two situations in which the Welsh Ministers are required to consult
the Secretary of State before issuing guidance under section 66 or directions under section 67:

• the first situation, under paragraph (a), is where a Minister of the Crown has a function
which relates to a reporting authority's function, but in exercising his function the Minister
of the Crown is not required to do so jointly with the Welsh Ministers, the First Minister
or the Counsel General. This covers situations where the Welsh Ministers and a Minister
of the Crown have concurrent functions which cover the same or similar ground but are
exercisable independently;
• the second situation, under paragraph (b), is where a reporting authority's function relates
to a function of the Welsh Ministers, the First Minister or the Counsel General which may
be exercised only after consulting a Minister of the Crown.

Interpretation

Section 70: Interpretation

300. Subsection (1) of this section defines the term “reporting authority” as used in sections 61 to
69. The term covers any person or body with functions of a public nature (all public sector bodies,
except those in subsection (2)) and persons who are, or are deemed to be, “statutory undertakers”
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under the relevant town and country planning legislation applicable in the different parts of the
United Kingdom (for example, many utilities providers).

301. Subsection (2) expressly provides that some persons or bodies who would otherwise be covered
are not “reporting authorities”, namely any Minister of the Crown, either House of Parliament, any
devolved authority (as defined in subsection (3)) and any devolved legislature (as defined in section
97).

302. Subsection (3) defines the term “devolved authority”, for the purposes of sections 61 to 69
and this section, to mean:

• the Welsh Ministers, the First Minster or the Counsel General;
• the Scottish Ministers, the First Minister, the Lord Advocate or the Solicitor General for
Scotland; and
• a Minister within the meaning of the Northern Ireland Act 1998 (c.47) or a Northern
Ireland department.

303. Subsection (4) defines what is meant by a reporting authority's “devolved functions” for the
purposes of sections 61 to 69 and this section. This term covers functions of a reporting authority
which are already effectively governed (or are capable of being governed) by the devolved
administrations or devolved legislatures, or where the devolved administrations have related
functions, and where no related functions are retained by a Minister of the Crown. This provision
includes flexibility so that it will continue to reflect the devolution settlements in the future (for
example, if the National Assembly for Wales is given further legislative competence).

304. Subsection (5) sets out the situations where functions which are exercisable by a Minister of
the Crown are not to be treated as preventing a reporting authority's function being a “devolved
function” under subsection (4). Paragraph (a) covers situations where a Minister of the Crown only
has a listed continuing or intervention function. Paragraph (b) covers situations where a Minister
of the Crown is only required to agree to the exercise of a function by the devolved authority and
paragraph (c) covers situations where a Minister of the Crown's only function is to be consulted
by the devolved authority.

305. Subsection (6) defines what is meant by a reporting authority's “devolved Welsh functions”.
This term covers functions of a reporting authority which are already effectively governed (or are
capable of being governed) by the Welsh Ministers or the National Assembly for Wales, or in
relation to which the Welsh Ministers, the First Minister or the Counsel General have related
functions.

306. Subsection (7) sets out some situations in which a reporting authority's functions are not to
be treated as “devolved Welsh functions”. These are situations in which the Welsh Ministers, the
First Minister or the Counsel General have the function only of giving or withholding consent to
exercise of functions by, or being consulted by, a Minister of the Crown.

Part 5: Other provisions

Waste reduction schemes

Section 71 and Schedule 5: Waste reduction schemes

307. This section and Schedule 5 (which it introduces) allow for the making of waste reduction
schemes, which are schemes to incentivise occupiers of domestic premises to produce less waste
and recycle more of what they produce.
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308. Subsection (1) provides for Schedule 5 to amend the Environmental Protection Act 1990
(c.43). It does so by adding to that Act a new section 60A, which provides that a waste collection
authority whose area is in England may make a waste reduction scheme in accordance with a new
Schedule to that Act, Schedule 2AA. It is Schedule 2AA which details what a waste reduction
scheme is and how it must be made.

309. Subsection (2) provides that Schedule 5 may only be brought into force in accordance with
sections 72 to 75, which allow the Secretary of State to designate certain areas where waste collection
authorities may make waste reduction schemes on a pilot basis. Following the pilots, the power for
authorities to make waste reduction schemes may be rolled out to all other areas in England, if the
Secretary of State so decides.

310. Subsection (3) provides that for the purposes of sections 72 to 75, “the waste reduction
provisions” means the provisions inserted by Schedule 5 and any subordinate legislation made
under those provisions.

Schedule 5: Waste reduction schemes

311. Paragraph 1 inserts a new section, section 60A, into the Environmental Protection Act 1990,
allowing a waste collection authority in England to make a scheme in accordance with new Schedule
2AA.

312. Paragraph 2 inserts a new Schedule, Schedule 2AA, into the Environmental Protection Act
1990 (see below).

313. Paragraph 3 amends the Environmental Protection Act 1990 by inserting two new subsections
into section 46 (receptacles for household waste) and making consequential amendments to section
46. Section 46 allows local authorities to serve a notice requiring occupiers to place waste for
collection in receptacles of a kind and number specified. The amendments allow local authorities
which are operating waste reduction schemes to require occupiers to place waste for collection in
receptacles identified by specified means, either in addition or as an alternative to requiring them
to place waste in specified receptacles.

314. Paragraph 4 amends section 161 of the Environmental Protection Act 1990 (regulations, orders
and directions) in order to specify which Parliamentary procedure shall apply to certain statutory
instruments made pursuant to the waste reduction provisions. Paragraph 4(2) inserts new section
161(2ZA), which, in combination with paragraph 16(5) of Schedule 2AA, provides that a statutory
instrument containing regulations made under paragraph 11 of Schedule 2AA (power to make
provision as to administration etc) which modify an Act of Parliament shall be subject to the
affirmative resolution procedure. Paragraph 4(3) inserts new section 161(4)(aa), which provides
that the following orders made pursuant to Schedule 2AA shall be subject to the affirmative
resolution procedure: those orders made under paragraph 2(3) (conditions for making waste reduction
scheme), 6(2) (requirement of revenue-neutrality), 15(2) (interpretation), or an order made under
paragraph 5(1) (charging: supplementary provisions) where paragraph 16(3) applies.

New Schedule 2AA of the Environmental Protection Act 1990

315. New Schedule 2AA, consisting of sixteen paragraphs, sets out the detailed rules regarding
waste reduction schemes.

316. Paragraph 1(1) describes the purpose of a waste reduction scheme, being to provide a financial
incentive to produce less domestic waste and recycle more of what is produced, thus reducing the
amount of residual domestic waste. Paragraph 1(2) provides that a scheme may cover the whole
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or any part of the area of a waste collection authority, and that it may apply to all domestic premises,
to domestic premises other than those of a description specified in the scheme, or to those domestic
premises whose descriptions are specified in the scheme.

317. Paragraph 2(1) sets out certain conditions which a waste collection authority must have satisfied
before it puts a scheme into effect, being (a) that a good recycling service is available to the occupiers
of premises within the scheme, and (b) that the scheme takes account of the needs of groups who
might be unduly disadvantaged by it, and (c) that the authority has a strategy for preventing,
minimising or otherwise dealing with the unauthorised deposit or disposal of waste.

318. Paragraph 2(2)(a) defines a “recycling service” as arrangements for the collection of recyclable
domestic waste from premises separately from other waste, and paragraph 2(2)(b) defines a “good”
recycling service as a service which meets the standards specified in guidance issued by the Secretary
of State. Paragraph 2(3) allows the Secretary of State by order, subject to the affirmative resolution
procedure, to amend paragraph 2(1) and (2).

319. Paragraphs 3 to 6 deal with the rules on how authorities may impose charges and give rebates
or make payments within a scheme.

320. Paragraph 3(1) states that a waste reduction scheme must provide for a financial incentive
which the authority considers will be effective to achieve the purpose of the scheme. Under paragraph
3(2), this incentive may be provided by means of rebates from council tax or by other payments,
or by means of charges under paragraph 4, or by any combination of those means.

321. Paragraph 4(1) allows a waste reduction scheme to include provision for charging occupiers
by reference to the amount of residual waste collected, the size of receptacles used, the number of
receptacles, or the frequency of collection, or by any combination of these factors. Paragraph 4(2)
allows that the scheme may in particular require occupiers, by notice under section 46 of the
Environmental Protection Act 1990, to place residual waste in receptacles of a specified kind and/or
to identify such receptacles in a specified way.

322. Paragraph 4(3) specifies that a charge under paragraph 4 in respect of a receptacle is in addition
to any charge under section 46 of the Environmental Protection Act 1990 in respect of the cost of
providing the receptacle. Paragraph 4(4) specifies that the amount of any charge under paragraph
4 need not be related to the authority's costs.

323. Paragraph 4(5) allows a scheme to provide as to the person or persons by whom any charge
is payable. Paragraph 4(6) allows a scheme to require any charge to be paid in advance on the basis
of an estimate of the amount likely to be payable, or to require payments to be made on account or
by instalments.

324. Paragraph 5 sets out supplementary provisions in relation to charging. Paragraph 5(1) allows
the Secretary of State by order to limit the amount of a charge under paragraph 4 that may be
imposed in respect of any premises in any financial year. Paragraph 16(2) and (3) provides that an
order under paragraph 5(1) is subject to the negative resolution procedure, except where it is the
first such order to be made or if, on subsequent occasions, it increases the charge limit by more
than is necessary to reflect changes in the value of money.

325. Paragraph 5(2) provides that where an occupier fails to pay a charge under paragraph 4 this
does not affect an authority's duty under section 45(1)(a) of the Environmental Protection Act 1990
to arrange for collection of the occupier's household waste.
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326. Paragraph 5(3) provides that section 45(3) of the Environmental Protection Act 1990, which
places a general prohibition on charging for collection of household waste, takes effect subject to
the ability of authorities to make charges under paragraph 4.

327. Paragraph 6(1) provides that from year to year, and taking one year with another, the aggregate
amount of charges under a waste reduction scheme must not exceed the aggregate amount of the
rebates or other payments under the scheme. This means that where the payment of charges is
required, schemes must be revenue neutral. Paragraph 6(2) allows the Secretary of State by order
to amend paragraph 6(1). Paragraph 6(3) stipulates that any such order amending paragraph 6(1)
may also make consequential amendments to paragraph 4(4). Any order under paragraph 6 will be
subject to the affirmative resolution procedure.

328. Paragraph 7(1) states that an authority must comply with the requirements in paragraph 7(2)
and (3) on communicating the provisions of a scheme, before the scheme comes into operation.
Paragraph 7(2) provides that an authority must publish the scheme in such manner as it considers
appropriate. Paragraph 7(3) provides that an authority must send to the occupier of any premises
within a scheme a notice detailing the requirements of the scheme with regard to collection, any
rebates or other payments available and the manner in which they are to be made, and any charges
and the manner in which they are to be collected.

329. Paragraph 8 provides that a scheme must contain provision enabling a person to appeal against
any decision affecting, directly or indirectly, that person's entitlement to a rebate or other payment,
or liability to pay a charge, under the scheme.

330. Paragraph 9(1) provides that an authority must keep a separate account of any rebates or other
payments under the scheme and any charges received by it under the scheme. Paragraph 9(2) allows
any person interested to inspect the account and make copies of it or any part of it, at any reasonable
time and without payment. Paragraph 9(3) and (4) provide that it is an offence for any person having
custody of the account to obstruct intentionally a person exercising their rights under paragraph
9(2), and that a person guilty of such an offence is liable to a fine not exceeding level 3 on the
standard scale (currently £1000).

331. Paragraph 10(1) provides that where a waste collection authority that operates a scheme is not
also the waste disposal authority for that area, the waste disposal authority may pay to the collection
authority contributions of such amounts as the disposal authority may determine towards expenditure
of the collection authority which is attributable to the scheme. The possibility of such payments
by the disposal authority has been provided for because a disposal authority may benefit from a
scheme by having less waste to deal with, but such a benefit would arise from the implementation
of a waste reduction scheme by the collection authority.

332. Paragraph 10(2) provides that the collection authority must supply information to the disposal
authority to enable the disposal authority to determine the appropriate level of payment under
paragraph 10(1).

333. Paragraph 11 gives the Secretary of State the power to make regulations as to the administration
of waste reduction schemes. Regulations under this paragraph are subject to the negative resolution
procedure unless they amend an Act of Parliament (section 161(2ZA) of the Environmental
Protection Act 1990).

334. Paragraph 11(1) enables such regulations to make provision about how the amount of any
rebate or other payment is to be determined and how it is to be given, and how the amount of any
charge is to be determined and how it is to be collected or enforced.
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335. Paragraph 11(2) makes clear that such regulations may in particular provide for appeals against
determination or any failure to make a determination, for the appointment of persons or bodies to
hear appeals, and for charges to be recoverable, if a county court so orders, as if they were payable
under a county court order,

336. Paragraph 11(3) allows the regulations to provide that the administration of a waste reduction
scheme may be integrated with the administration of council tax (and by sub-paragraph (3)(b) the
regulations may provide for consequential modification of council tax legislation). Paragraph 11(4)
provides further detail on this: in particular, the regulations may provide: (a) for including material
relating to the scheme in the council tax demand notice, (b) for applying the procedure for appeals
about liability to council tax to questions arising under the scheme, and (c) for applying the
procedures on enforcement of council tax liability to any liability under the scheme.

337. Paragraph 12 allows an authority to use information it obtains under council tax legislation
for the purposes of administering a waste reduction scheme.

338. Paragraph 13(1) allows an authority to amend or revoke its scheme. Paragraph 13(2) provides
that, before bringing an amendment into operation, the authority must publish the amended scheme
in such manner as it thinks appropriate and, if the amendment affects any matters previously notified
to occupiers, send a notice to the occupier of any premises within the scheme explaining the effect
of the amendment.

339. Paragraph 13(3) states that the amendment or revocation of a scheme does not affect any
entitlement or liability under the scheme in respect of a period before the amendment or revocation
takes effect. Paragraph 13(4) states that the revocation of a scheme does not affect the duty of an
authority to comply with paragraph 6(1), the requirement of revenue-neutrality.

340. Paragraph 14(1) allows the Secretary of State to issue guidance to waste collection authorities
and waste disposal authorities as to the exercise of their functions in relation to waste reduction
schemes. Paragraph 14(2) provides that any such guidance must be published in such manner as
the Secretary of State considers appropriate and may be amended or replaced by further guidance,
or revoked. Paragraph 14(3) provides that waste collection authorities and waste disposal authorities
must have regard to any such guidance.

341. Paragraph 15(1) defines the terms “domestic premises”, “domestic waste”, “enactment”,
“recyclable waste”, “residual domestic waste” and “specified” used in Schedule 2AA. Paragraph
15(2) allows the Secretary of State by order, subject to affirmative resolution, to amend the definition
of “domestic premises”. Paragraph 15(3) states that references in Schedule 2AA to recycling include
re-using and composting.

342. Paragraph 16 sets out the details of which Parliamentary procedure applies to certain powers
within Schedule 2AA to make order and regulations.

343. Paragraph 16(1) provides that the affirmative resolution procedure applies to an order made
under paragraph 2(3) (amending the conditions for making a scheme), paragraph 6(2) (amending
the requirement of revenue-neutrality) or paragraph 15(2) (amending the definition of “domestic
premises”).

344. Paragraph 16(2) and paragraph 16(3) provide that the negative resolution procedure applies
to an order made under paragraph 5(1) (setting a limit on the amount of the charge), except where
it is the first such order to be made or where it increases the limit by more than is necessary to

Climate Change Act 2008  Page 198

225  



reflect changes in the value of money since the limit was previously set, in which cases the
affirmative resolution procedure applies.

345. Paragraph 16(4) and paragraph 16(5) provide that the negative resolution procedure applies
to regulations made under paragraph 11 (making provision as to administration), except where they
modify an Act of Parliament, in which case the affirmative resolution procedure applies.

346. Paragraph 16(6) provides that where an order or regulations are subject to the affirmative
resolution procedure, they must be approved by each House of Parliament before they are made.

Section 72: Waste reduction provisions: piloting

347. This section provides for the piloting of waste reduction schemes.

348. Subsection (1) provides that a waste collection authority which wishes to make a pilot waste
reduction scheme in its area must submit its proposals to the Secretary of State for approval. If the
Secretary of State considers that the proposals are suitable for piloting one or more aspects of the
waste reduction provisions, the Secretary of State may make an order designating the area of that
authority as a pilot area, so that the authority may make a scheme in accordance with the approved
proposals.

349. Subsection (2) provides that a maximum of five areas can be designated as pilot areas.

350. Subsection (3) stipulates what the Secretary of State's order designating a pilot area must
provide. The order must state that the waste reduction provisions shall have effect in relation to
that area for the purpose of enabling the authority to make and operate the proposed scheme, and
state the period for which the waste reduction provisions are to be allowed to take effect.

351. Subsection (4) allows the Secretary of State, in making subordinate legislation or issuing
guidance about waste reduction schemes, to make different provision for different pilot areas, and
the Secretary of State may exercise these powers at any time after section 72 has come into force
(see section 100 — section 72 comes into force two months after the Act receives Royal Assent).

352. Subsection (5) provides that, where subordinate legislation in draft would otherwise be treated
as a hybrid instrument, it is to proceed in that House as if it were not a hybrid instrument.

Section 73: Waste reduction provisions: report and review

353. Subsection (1) imposes on the Secretary of State a duty to lay before Parliament a report on
how the waste reduction provisions have operated in each pilot area.

354. Subsection (2) provides that the report must contain: a description of the scheme and how it
compares with other schemes, a copy of the designation order, a description of how the relevant
enactments and guidance in that pilot area differed from that applying in other pilot areas and in
areas not designated, and an assessment of whether a scheme has been successful.

355. Subsection (3) provides that the Secretary of State's report must also review the waste reduction
provisions in the light of their operation in the relevant pilot area or areas.

Section 74: Waste reduction provisions: interim report

356. Subsection (1) provides that, if the Secretary of State considers that it will not be possible to
lay a report under section 73 in relation to a pilot area within three years of this Act being passed,
the Secretary of State must lay an interim report within the three years.
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357. Subsection (2) provides that the interim report must contain: a description of the scheme and
how it differs from other such schemes, a copy of the designating order, and a description of how
the enactments and guidance applying in that pilot area differ from those applying in other pilot
areas and in non-pilot areas.

358. Subsection (3) provides that, where a scheme has not yet been implemented, the interim report
must describe progress towards its implementation.

359. Subsection (4) provides that, where a scheme has been implemented, the interim report must
describe its operation and assess progress towards its objectives, if such an assessment can reasonably
be made.

Section 75: Waste reduction provisions: roll-out or repeal

360. Subsection (1) states that subsections (2) to (6), which provide for the Secretary of State to
roll out or repeal the waste reduction provisions, apply after the Secretary of State has laid a report
before Parliament in accordance with section 73.

361. Subsection (2) provides two options should the Secretary of State wish to roll out the waste
reduction provisions generally so as to allow a scheme to be made for any area. Subsection (2)(a)
allows the Secretary of State to make an order providing that the provisions shall come into force
generally on a date specified in the order. Alternatively, subsection (2)(b) allows the Secretary of
State to make an order making such amendments to the provisions as appear necessary or expedient
in the light of how they operated in the pilot areas, and to provide that the provisions as so amended
shall come into force generally on a date specified in the order.

362. Subsection (3) and subsection (4) provide that amendments made by an order under subsection
(2)(b) may include provision for the Secretary of State to make subordinate legislation, in which
case the amendments should also provide for such subordinate legislation to be subject to either
the negative resolution procedure or the affirmative resolution procedure, as the Secretary of State
thinks fit.

363. Subsection (5) provides that, should the Secretary of State decide not to make an order under
subsection (2) which rolls out the waste reduction provisions generally, he must make an order
repealing the provisions.

364. Subsection (6) provides that any order made under subsection (2)(b) or (5) must be made by
affirmative resolution.

Collection of household waste

Section 76: Collection of household waste

365. Section 76 amends section 46 of the Environmental Protection Act 1990 to insert a new
subsection (11), which provides that a waste collection authority is not obliged to collect household
waste placed for collection in contravention of a requirement under section 46. The amendment
applies in both England and Wales.

Charges for single use carrier bags

Section 77 and Schedule 6: Charges for single use carrier bags

366. This section introduces Schedule 6 and allows for the making of regulations about charges
for single-use carrier bags.
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367. Subsection (3) defines who is the relevant national authority for the purposes of making
regulations under the Schedule; this is the Secretary of State in relation to England, the Welsh
Ministers in relation to Wales and the Department of the Environment in Northern Ireland in relation
to Northern Ireland.

368. Subsection (4) sets out the circumstances in which the affirmative procedure applies to the
making of regulations (that is, where the first set of regulations is made by the relevant national
authority under the Schedule, where the regulations contain provisions imposing or providing for
the imposition of new civil sanctions, where the regulations increase the maximum amount of a
monetary penalty or change the basis on which it is to be determined and where the regulations
amend or repeal primary legislation). Otherwise, regulations under the Schedule are subject to the
negative resolution procedure.

Schedule 6: Charges for single use carrier bags

369. Part 1 of Schedule 6 contains enabling powers to make regulations about charges for single
use carrier bags.

370. Paragraph 1 provides a general power for the relevant national authority (defined in section
77(3)) to make regulations about charging by sellers of goods for the supply of single use carrier
bags. Powers to define what is meant by “sellers” and by “single use carrier bags” are set out in
paragraphs 3 and 5.

371. Paragraph 2 provides that the regulations may require sellers of goods to charge for single use
carrier bags supplied either at the place where the goods are sold, or for the purpose of delivering
goods.

372. Paragraph 3 provides that “sellers” of goods are to be defined in the regulations, including by
reference to one or more of the following: a person's involvement in selling goods or a person's
interest in the goods or in the premises at or from which the goods are sold. It provides that the
regulations may apply to a range of different sellers, including all sellers of goods, sellers named
in the regulations and sellers identified by reference to factors specified in the regulations. The
factors that may be specified in the regulations may include the place from which the goods are
sold, the type and value of goods supplied and the seller's turnover.

373. Paragraph 4 provides that the regulations may specify the minimum amount that sellers must
charge for each single use bag or provide for that amount to be determined in accordance with the
regulations.

374. Paragraph 5 provides that the definition of a ‘single-use carrier bag’ is to be included in the
regulations, which may be by reference to technical specifications such as a bag's size, thickness
or composition and/or its intended use.

375. Paragraph 6 contains powers to appoint an administrator to administer the provisions made
by the regulations. It also provides that the regulations may confer powers and duties on the
administrator to enable it to carry out its functions.

376. Paragraph 7 provides that the regulations may require records to be kept in relation to charges
made for single use carrier bags, including records relating to the amounts received by the seller
by way of charges and the uses to which the proceeds of the charge are put. The regulations may
also require that this information is published and is made available to the relevant national authority,
an administrator or members of the public upon request.
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377. Paragraph 8 provides that the regulations may confer powers and duties on an administrator
in order to enforce the regulations and in particular, to enable the administrator to obtain relevant
documents and information where the administrator reasonably believes that there has been a breach
of the regulations.

378. Part 2 of Schedule 6 sets out the provision that may or must be made in relation to civil
sanctions for breaches of other aspects of the regulations made under the Schedule.

379. Paragraph 9 contains a power for the relevant national authority to include in regulations civil
sanctions to deal with breaches of requirements in the regulations. Civil sanctions may take the
form of fixed monetary penalties (defined in paragraph 10) and discretionary requirements (defined
in paragraph 12).

380. Paragraph 10 provides that the regulations may grant an administrator a power to issue fixed
penalty notices not exceeding £5,000 to any person who breaches the regulations. The notices may
only be issued in cases where the administrator is satisfied on the balance of probabilities that a
breach of the regulations has occurred.

381. Paragraph 11 specifies certain minimum requirements that regulations providing for fixed
monetary penalties must include. In particular, before the administrator can impose a penalty it
must first issue a ‘notice of intent’. The person subject to this notice will then have the opportunity
to make written representations and objections against the penalty. Alternatively, the person could
choose to discharge liability for the penalty by paying a discharge payment of a specified amount
which must be no more than the penalty. Any representations or discharge payment must be made
within 28 days of receipt of the notice, or such shorter period as prescribed by the notice of intent.
If a discharge payment is made, no further action will be taken against that person.

382. After this period, if the administrator chooses to impose the penalty, it must issue a ‘final
notice’ setting out certain specified information such as the grounds for imposing the penalty and
how payment may be made. Paragraph 11 also sets out the provision that may be made by regulations
as to the right of appeal against the decision to impose a fixed penalty notice and the minimum
grounds on which an appeal may be brought.

383. Paragraph 12 provides that the regulations may grant an administrator the power to impose,
by notice, one or more requirements (“discretionary requirements”) on a person. These requirements
are:

The payment of a monetary penalty of an amount that the administrator will determine
(“variable monetary penalty”);
• To take such steps as may be specified by an administrator within such time period as the
administrator may specify to ensure that the incident of non-compliance does not continue
or recur (“non-monetary discretionary requirement”).

384. The administrator must be satisfied on the balance of probabilities that a person has breached
the regulations before imposing such a requirement. The regulations must provide that variable
monetary penalties are capped to a maximum amount to be specified in, or determined in accordance
with, the regulations.

385. Paragraph 13 specifies certain minimum requirements that regulations providing for
discretionary requirements must include. In particular, the provisions must require the administrator
to serve a notice on the person of its intention to impose discretionary requirements on that person
and the time within which the recipient can make representations and objections (which cannot be
less than 28 days from receipt of the notice) against the proposed sanction.
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386. After the end of the time for making representations and objections, the administrator can then
decide whether to impose, withdraw or vary the discretionary requirement or replace it with a
different requirement.

387. Where the administrator decides to impose a discretionary requirement, this must be done by
way of a notice. The final notice must contain the information set out in sub-paragraph (4), including
the person's right of appeal against the sanction.

388. Sub-paragraph (5) sets out the minimum grounds for appeal against the discretionary
requirement that must be available.

389. By virtue of paragraph 14, the regulations providing for discretionary requirements may also
allow an administrator to issue a monetary penalty by notice for the failure to comply with a
non-monetary discretionary requirement (a “non-compliance penalty”). Non-compliance penalties
are not available for failure to pay a variable monetary penalty. Failure to pay any monetary penalty
can lead to the administrator recovering the amount due through civil debt procedures or as if
payable under court order (see paragraph 16).

390. Paragraph 15 provides that an administrator cannot be granted power to impose both a fixed
monetary penalty and a discretionary requirement in relation to the same breach.

391. Paragraph 16 provides that regulations providing for civil sanctions may make provision for
discounts for early payment of a monetary penalty and for the payment of interest or a financial
penalty for late payment of the original penalty. The total amount of any late payment penalty must
not exceed the total amount of the penalty imposed. It provides for the enforcement of unpaid
penalties (and any interest or late payment charges) through the civil courts. It also allows the
regulations to create a more streamlined process of recovery by treating the penalty as if it were
payable under a court order.

392. Paragraph 17 provides that regulations may confer power on the administrator to recover its
costs, by notice, from a person on whom a discretionary requirement is imposed. The costs are
those incurred by the administrator in relation to the imposition of the sanction, up to the point of
its imposition, and include investigation costs, administration costs and the costs of obtaining expert
(including legal) advice. The person is not required to pay any costs he can show have been
unnecessarily incurred. It requires that, where a costs notice is served, the person subject to the
notice has a right of appeal against the decision of the administrator regarding payment of costs.

393. Paragraph 18 contains certain procedural provisions for appeals from civil penalties. In
particular, it provides that appeals must be heard by the First-tier Tribunal (established under the
Tribunals, Courts and Enforcement Act 2007 (c.15)) or another tribunal created under an enactment.

394. Paragraph 19 provides that the regulations may confer a power on an administrator to issue a
publicity notice to a person on whom a civil sanction has been imposed. Such a notice would require
the recipient to publicise, at their own cost, that a sanction has been imposed, as well as such other
information as may be specified in the regulations. If the person fails to publish the notice as
required, the regulations may provide for the administrator to publish the notice and to recover the
costs from the person to whom the notice relates.

395. Paragraph 20 provides that the regulations may make provision for officers of a body corporate
and partners of a partnership to be liable to civil sanctions.

396. Paragraph 21 provides that where an administrator is to have the power to impose civil
sanctions, there is to be a corresponding duty on the administrator to publish guidance containing
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certain information about how it will use its civil sanction powers, including details about fixed
monetary penalties and discretionary requirements such as: when they are likely to be imposed,
how fixed and variable monetary penalties will be determined, how liability for penalties may be
discharged and the effect of a discharge and on rights of appeal.

397. Paragraph 22 provides that regulations providing for civil sanctions must secure the publication
of reports by the administrator on the use of civil sanctions.

398. Paragraph 23 provides that civil sanction powers may not be conferred on an administrator in
regulations unless the relevant national authority is satisfied that the administrator will comply with
better regulation requirements.

399. Paragraph 24 requires the relevant national authority to review the operation of the civil
sanction provisions set out in regulations three years after they come into force and to publish the
results of the review.

400. Paragraph 25 provides the relevant national authority with the power to suspend an
administrator's powers to impose civil penalties in certain circumstances by issuing a direction to
the administrator. Such directions may be revoked by the relevant national authority. Before issuing
a direction, the relevant national authority must consult the administrator and such other persons
as it considers appropriate. Any directions issued must be laid before Parliament and must be
published.

401. Paragraph 26 provides for money received from penalties to go the relevant national authority's
Consolidated Fund.

402. Part 3 of Schedule 6 makes further provision about the procedures to be followed when making
regulations about charges for single use carrier bags.

403. Paragraph 27 set out the procedure to be followed where regulations are made by a single
national authority. Sub-paragraphs (2) and (3) set out the affirmative resolution procedure applying
in Parliament and the devolved legislatures. Sub-paragraphs (4) to (6) set out the negative resolution
procedure applying in Parliament and the devolved legislatures. Sub-paragraph (7) allows any
regulations that could be made using the negative resolution procedure to be made using the
affirmative procedure; this will allow, say, amendments which would otherwise have to be made
using different procedures to be made in the same instrument.

404. Paragraph 28 sets out the procedure where regulations are made jointly between the Secretary
of State and/or the Welsh Ministers and/or the Department of the Environment in Northern Ireland.
The affirmative and negative procedures apply as they do in paragraph 27. If either House of
Parliament or the relevant devolved legislature does not approve the instrument, then the instrument
cannot be made.

405. Paragraph 29 provides that where regulations made under the Schedule would otherwise be
treated as a hybrid instrument under the standing orders of either House of Parliament, the instrument
is to proceed as if it were not a hybrid instrument.

Renewable transport fuel obligations

Section 78 and Schedule 7: Renewable transport fuel obligations

Climate Change Act 2008  Page 204

231  



406. This section introduces Schedule 7 to the Act. Schedule 7 amends Chapter 5 of Part 2 of the
Energy Act 2004 which enables the Secretary of State to set up a renewable transport fuel obligations
scheme (“RTFO scheme”) by order (“RTF order”).

407. An RTFO scheme is a scheme that requires specified transport fuel suppliers to produce
evidence that for a specified period a specified amount of renewable transport fuel has been supplied
at or for delivery to places in the United Kingdom. “Specified” for these purposes means specified
in or determined in accordance with the RTF order. A “transport fuel supplier” means a person
who, in the course of any business of his, supplies transport fuel at or for delivery to places in the
United Kingdom. Renewable transport fuel means:

a) biofuel (a liquid or gaseous fuel that is produced wholly from biomass);
b) blended biofuel (a liquid or gaseous fuel consisting of a blend of biofuel and fossil fuel);
c) any solid, liquid or gaseous fuel (other than fossil fuel or nuclear fuel) which is produced
wholly by energy from a renewable source or wholly by a process powered wholly by such
energy; or
d) any solid, liquid or gaseous fuel which is of a description of fuel designated by an RTF
order as renewable transport fuel.

408. The Renewable Transport Fuel Obligations Order 2007 (“2007 order”) was made under existing
powers in the Energy Act 2004 on 25th October 2007. The 2007 order set up an RTFO scheme
with the first obligation period to commence on 15th April 2008. The 2007 order also established
the Office of the Renewable Fuels Agency (a non-departmental public body) (“RFA”) and appointed
the RFA as Administrator of the scheme.

409. The main changes to the Energy Act 2004 contained in Schedule 5 are explained in the
following paragraphs. Some of the changes will enable the RTFO scheme to be altered by order in
the future. These include the powers to appoint a new Administrator and transfer functions
accordingly (in new section 125C) and the provisions about payments received by the Administrator
under the scheme (in section 128 as amended). Other amendments will apply in relation to the
scheme as soon as they come into force, such as the duty on the Administrator to promote renewable
fuels which have a beneficial environmental effect (in new section 125A), the powers for the
Secretary of State to give directions (in new section 125B and section 126 as amended) and the
provisions for disclosure of information to the Administrator by Her Majesty's Revenue and Customs
(in new sections 131A to 131C).

410. Paragraph 2 substitutes new sections 125, 125A, 125B and 125C of the Energy Act 2004 for
the existing section 125 of that Act.

411. New section 125 deals with the appointment of the first Administrator of the RTFO scheme.
The 2007 order appointed the RFA as the Administrator under section 125 as it currently stands.
New section 125 replicates the provision currently in section 125 allowing an RTF order to establish
a body corporate and to appoint that body as the Administrator. It will preserve the effect of the
2007 order.

412. New section 125A allows an RTFO order to confer or impose functions on the Administrator.
It also imposes a new duty on the Administrator to promote the supply of renewable transport fuel
which by its production, supply or use, causes or contributes to the reduction of carbon emissions
and contributes to sustainable development or to environmental protection or enhancement.

413. New section 125B(1) makes further provision about the functions of the Administrator.
Paragraphs (a) and (b) re-enact the provision currently in section 125(3)(a) and (b) of the Energy
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Act in enabling powers to be conferred on the Administrator to require information from fuel
suppliers; paragraph (c) re-enacts the provision currently in section 125(3)(c) of the Energy Act in
enabling powers to be conferred on the Administrator to impose charges on fuel suppliers. Subsection
(2) creates a new power for the Secretary of State to give written directions to the Administrator
about the exercise of his powers conferred by virtue of subsection (1)(a) or (b). The Administrator
must comply with any such directions. The power includes power to revoke or vary any directions
given. This power may be used for example to direct the Administrator to collect information in a
particular form or using a particular methodology to show the carbon savings achieved by renewable
transport fuel supplied and certificated under the RTFO scheme.

414. New section 125B(5) replaces the provisions of section 125 of the Energy Act 2004 which
set out what the Administrator must do with money that he receives from charges imposed on
transport fuel suppliers by an RTF order (although the 2007 order does not impose any such charges).
It alters the current requirement that any such charges must be used to meet the Administrator's
costs by providing that if the Administrator is the Secretary of State any charges must be paid into
the Consolidated Fund.

415. New section 125C creates a new power for the Secretary of State by order to replace an existing
Administrator with a new Administrator and to provide for the transfer of functions, staff, property,
rights and liabilities from the old to the new Administrator. The new Administrator can be the
Secretary of State or an existing statutory body or a body corporate established under this new
power.

416. The new power is subject to the negative resolution procedure unless it is used to establish a
new body corporate or to modify an Act of Parliament, Act of the Scottish Parliament, Act or
Measure of the National Assembly for Wales or an Act of the Northern Ireland Assembly, in which
case the affirmative resolution procedure will apply.

417. Paragraph 3 amends section 126 of the Energy Act 2004 which enables an RTF order to make
provision about how amounts of transport fuel may count towards discharging obligations imposed
by an RTFO scheme. New section 126(5) means that if a future RTF order makes such provision
by reference to a document it may provide for references to the document to have effect as references
to it as revised or re-issued from time to time. This will enable reference to be made to international
standards for carbon and sustainability without the need to amend the order whenever those standards
are revised.

418. Paragraph 3 also amends section 126 of the Energy Act 2004 to create a new power for the
Secretary of State to give written directions to the Administrator about the exercise of any of the
Administrator's functions in connection with counting or determining amounts of transport fuel for
the purpose of the RTFO scheme. The Administrator must comply with any such directions. The
power includes power to revoke or vary any directions given. This power may be used for example
to direct the Administrator to use a particular methodology if a future RTF order requires amounts
of transport fuel to be counted or determined by reference to its effects on carbon emissions or
sustainable development.

419. Paragraph 4 amends the provisions of the Energy Act 2004 which set out what the Administrator
must do with money he receives when administering the RTFO scheme from buy-out payments.

420. Currently, the powers in section 128 of the Energy Act 2004 mean that the Administrator may
(if an RTF order so provides, as the 2007 order does) receive buy-out payments from transport fuel
suppliers who choose to buy-out their obligation rather than supply the specified amount of renewable

Climate Change Act 2008  Page 206

233  



transport fuel. By section 128(7) such sums must be paid to transport fuel suppliers under a system
of allocation specified in the RTF order (subject to first meeting the costs of the Administrator if
the RTF order so provides under the power in section 128(6), which the 2007 order does not).

421. As a result of amendments to section 128 by paragraph 4, where the Administrator is the
Secretary of State new section 128(6)(a) will require the buy-out payments to be paid into the
Consolidated Fund. But new section 128(6)(b) will allow (but not require) the RTF order to provide
for the Secretary of State to make payments to transport fuel suppliers under a system of allocation
specified in the order. The RTF order must ensure that the total paid out does not at any time exceed
the total of the buy-out payments received up to that time (new section 128(7)).

422. If the Administrator is a person other than the Secretary of State, it will be possible for the
RTF order to provide instead that the Administrator must use some or all of the buy-out payments
to meet his costs or must pay some or all of the buy-out payments to the Secretary of State (in
which case they will be payable by him into the Consolidated Fund) (new section 128(8)). To the
extent that the payments are not dealt with in this way, they will have to be paid to transport fuel
suppliers under a system of allocation specified in the RTF order (new section 128(9)).

423. Paragraph 5 amends section 129(7) of the Energy Act 2004 which currently provides that civil
penalties received by the Administrator under an RTF order must be paid to the Secretary of State
for payment into the Consolidated Fund. The amendment makes it clear that, if the Secretary of
State is the Administrator, he is to pay those sums into the Consolidated Fund directly.

424. Paragraph 6 inserts into the Energy Act 2004 new sections 131A, 131B and 131C which make
provision enabling information to be disclosed by Her Majesty's Revenue and Customs (“HMRC”)
to the Administrator, as well as prohibiting further disclosure of the information. The information
in question is restricted to information held in connection with HMRC's functions under or by
virtue of the Hydrocarbon Oil Duties Act 1979. This is to limit the information to that which is
relevant to the Administrator's functions.

425. New section 131A permits the information to be disclosed to the Administrator or an authorised
person (a person who provides services to or acts on behalf of the Administrator and is authorised
by the Administrator to receive the information).

426. New section 131B prohibits the disclosure of the information by the Administrator, an
authorised person or any other person who obtains it in the course of providing services to or acting
on behalf of the Administrator, except in certain specified cases (for example a disclosure required
by a court order). The restrictions on further disclosure only apply to information received under
new section 131A that has not also been received by the Administrator or an authorised person by
another means.

427. Wrongful disclosure contrary to new section 131B is an offence under new section 131C if
the information is about a person who is identified in or identifiable from the disclosure. The offence
is triable either summarily or on indictment. Section 131C provides that a person convicted on
indictment may be imprisoned for up to 2 years or fined or both, and that on summary conviction
a person is liable to imprisonment for up to 12 months or to a fine not exceeding the statutory
maximum (currently £5000) or both. It also provides that, in England and Wales, the penalty on
summary conviction of an offence committed before section 154(1) of the Criminal Justice Act
2003 comes into force will be 6 months' imprisonment. The same penalty will apply in Northern
Ireland. A person charged with an offence under new section 131C has a defence if he can prove
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that he reasonably believed that the disclosure was lawful or that the information was already
lawfully in the public domain.

Carbon emissions reduction targets

Section 79 and Schedule 8: Carbon emissions reduction targets

428. This section introduces Schedule 8 to the Act, which makes amendments to the provisions of
section 33BC of the Gas Act 1986, section 41A of the Electricity Act 1989 and section 103 of the
Utilities Act 2000 which relate to powers of the Secretary of State to set carbon emission reduction
targets.

Schedule 8: Carbon emissions reduction targets

429. Paragraph 1 makes amendments to section 33BC of the Gas Act 1986.

430. Paragraph 1(1) introduces the amendments to section 33BC of the Gas Act 1986. Section
33BC is the enabling power which allows the Secretary of State to impose carbon emissions
reduction obligations on those gas companies falling within its scope.

431. Paragraph 1(2) inserts a new subsection (1A) into section 33BC of the Gas Act 1986. Subsection
(1A) allows the Secretary of State to exercise the power (to impose carbon emissions reduction
obligations) so as to impose more than one obligation on a person in relation to the same period or
periods which may overlap.

432. Paragraph 1(3) inserts a new paragraph (ba) into section 33BC(5) of the Gas Act 1986. The
new paragraph gives the Secretary of State the power to require the whole or any part of a carbon
emissions reduction target to be met by action promoted to persons of a specified description, action
promoted in specified areas or a combination of the two.

433. Paragraph 1(4) inserts a definition of “specified” into section 33BC (13). This is necessary as
a result of the new paragraph (ba) (introduced by paragraph 1(3)) allowing the Secretary of State
to specify persons to whom or areas in which action must be promoted by those under a carbon
emissions reduction obligation.

434. Paragraphs 2 and 3 make amendments to the Electricity Act 1989.

435. Paragraph 2 inserts a definition of “electricity generators” into section 6(9) of the Electricity
Act 1989.

436. Paragraph 3(1) introduces amendments to section 41A of the Electricity Act 1989. Section
41A is the enabling power which allows the Secretary of State to impose carbon emissions reduction
obligations on those electricity companies falling within its scope.

437. Paragraph 3(2) widens the scope of the enabling power in section 41A(1) so that it includes
electricity generators. This is achieved by the insertion of a new paragraph (za) into section 41A(1).
As a result of this amendment the Secretary of State may exercise the enabling power so as to
impose a carbon emissions reduction obligation on electricity generators, electricity distributors
and electricity suppliers. To date, under section 41A, the Secretary of State has only exercised the
power in relation to electricity suppliers.

438. Paragraph 3(3) makes a similar amendment to that made by paragraph 1(2).

439. Paragraph 3(4) makes a consequential amendment to section 41A(3) which is necessary as a
result of bringing electricity generators within the scope of section 41A(1).
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440. Paragraph 3(5) makes consequential amendments to section 41A(4) which are necessary as a
result of bringing electricity generators within the scope of section 41A(1).

441. Paragraph 3(6) contains a mixture of consequential amendments to section 41A(5) which are
necessary as a result of bringing electricity generators within the scope of section 41A(1) but also
introduces a new provision. Paragraph 3(6)(b) introduces a new paragraph (ba) into section 41A(5)
which reflects the amendment made by paragraph 1(3).

442. Paragraphs 3(7), 3(8), 3(9), and 3(10) make consequential amendments to sections 41A(6),
(7)(d), (8)(d) and (11) respectively. All of these amendments are necessary as a result of bringing
electricity generators within the scope of section 41A(1).

443. Paragraph 3(11) inserts a definition of “specified” into section 41A(13). This is necessary as
a result of the new paragraph (ba) (introduced by paragraph 3(6)(b) into section 41A(5)) allowing
the Secretary of State to specify persons to whom or areas in which action must be promoted by
those under a carbon emissions reduction obligation.

444. Paragraph 3(12) amends the heading of section 41A so that it reflects the scope of the provision
as a result of electricity generators being brought within its scope.

445. Paragraph 4 makes amendments to section 42AA of the Electricity Act 1989.

446. Paragraph 4(1) introduces amendments to section 42AA of the Electricity Act 1989. Section
42AA requires the National Consumer Council to publish information on the standards of
performance of electricity suppliers and electricity distributors relating to any carbon emissions
reduction obligation imposed on them under section 41A.

447. Paragraphs 4(2) and 4(3) make consequential amendments to section 42AA so as to ensure
that electricity generators are within its scope and that the National Consumer Council can publish
information relating to their standards of performance relating to any carbon emissions reduction
obligation placed upon them in the future.

448. Paragraph 5 makes a consequential amendment to section 64(1) of the Electricity Act 1989
which is necessary as a result of bringing electricity generators within the scope of the power in
section 41A. Paragraph 5 amends the definition of “electricity distributor” and “electricity supplier”
in section 64(1) so as to include “electricity generator”.

449. Paragraph 6 makes amendments to section 103 of the Utilities Act 2000.

450. Paragraph 6(1) introduces amendments to section 103 of the Utilities Act 2000. Section 103
contains a power which relates to the exercise of power under section 33BC of the Gas Act 1986
and section 41A of the Electricity Act 1989. Section 103 provides the Secretary of State with the
power to set overall carbon emissions reduction targets.

451. Paragraph 6(2) makes a consequential amendment to section 103(1)(b) which is necessary as
a result of electricity generators being brought within the scope of the enabling power in section
41A of the Electricity Act 1989.

452. Paragraph 6(3) inserts a new subsection (1A) into section 103 of the Utilities Act 2000. In
light of the amendments introduced by paragraphs 1(2) and 3(3) which allow the Secretary of State
to impose more than one carbon emissions reduction obligation on those persons falling within the
scope of the enabling powers, paragraph 6(3) introduces a new subsection (1A) which allows the
Secretary of State to specify more than one overall carbon emissions reduction target in relation to
the same period or periods which overlap to any extent.
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453. Paragraphs 6(4) and 6(5) introduce consequential amendments which are necessary as a result
of electricity generators being brought within the scope of the enabling power in section 41A of
the Electricity Act 1989.

Miscellaneous

Section 80: Report on climate change: Wales

454. This section requires the Welsh Ministers to lay before the National Assembly for Wales,
from time to time, a report on greenhouse gas emissions and the impacts of climate change on
Wales.

455. Subsection (1) requires the Welsh Ministers to include in their report their objectives in relation
to greenhouse gas emissions and the impacts of climate change in Wales, the action they (and
others) have taken to deal with those emissions and impacts and their future priorities for dealing
with them.

456. Subsection (2) requires the Welsh Ministers to set out how they intend to exercise their power
to issue directions to reporting authorities under section 67. Subsection (3) provides that this does
not affect the Welsh Ministers' general discretion as to how they may exercise their power to issue
directions

457. Subsection (4) makes it a requirement that the second and subsequent report under this section
should include an assessment of the progress made towards implementing the objectives in earlier
reports.

458. Subsection (5) defines “Wales”, for the purpose of this section, by reference to section 158(1)
of the Government of Wales Act 2006 (c.32). This definition includes the sea adjacent to Wales
out as far as the seaward boundary of the territorial sea.

Section 81: Climate change measures reports in Wales

459. This section devolves to the Welsh Ministers the function under section 3 of the Climate
Change and Sustainable Energy Act 2006 (c.19) of preparing an energy measures report in relation
to Wales. It also widens the obligation to cover certain other measures and provides that the Secretary
of State's consent is required in relation to certain elements of a report.

460. Subsection (2) inserts a new section 3A after section 3 of the Climate Change and Sustainable
Energy Act 2006 (c.19). New section 3A requires the Welsh Ministers to prepare a “climate change
measures report”, which is a report containing information for Welsh local authorities in relation
to measures which they may take and which would or might have certain effects, including (in
contrast to section 3) the effect of addressing the impacts of climate change. Subsection (5) of new
section 3A requires the Secretary of State's consent where the report contains information about
local authority measures in relation to which the Secretary of State has certain functions, exercisable
in relation to Wales (for example, the function of making building regulations).

Section 82: Repeal of previous reporting obligation

461. This section repeals section 2 of the Climate Change and Sustainable Energy Act 2006 (c.19).
The reporting requirements under that section are substantially replicated by the reporting
requirements in sections 16 and 36 in Parts 1 and 2 of the Act.

Section 83: Guidance on reporting
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462. Subsection (1) of this section requires the Secretary of State to publish guidance on how
greenhouse gas emissions can be measured or calculated by persons responsible for activities which
lead to those emissions. The intention behind the guidance is to support businesses wishing to report
on their emissions and to improve the consistency of emissions reporting by those businesses, so
that the reports can be more easily understood and compared.

463. Subsection (2) requires the Secretary of State to publish the guidance by 1st October 2009
and subsection (3) allows the Secretary of State to revise the guidance from time to time. Subsection
(4) places the Secretary of State under an obligation to consult the other national authorities (see
section 95) before publishing or revising any guidance and subsection (5) allows the Secretary of
State to publish the guidance in any manner he considers appropriate.

Section 84: Report on contribution of reporting to climate change objectives

464. Subsection (1) of this section requires the Secretary of State to carry out a review of the
contribution that reporting of greenhouse gas emissions could make to the UK Government's
objectives in relation to climate change, and report the conclusions of the review to Parliament by
1st December 2010 (subsection (2)). It is expected that the review will explore the costs and benefits
of the reporting of greenhouse gas emissions by businesses, public sector organisations and others.

465. Subsection (3) requires the Secretary of State to carry out his review in consultation with the
other national authorities (as defined in section 95).

Section 85: Regulations about reporting by companies

466. Subsection (1) of this section places a duty on the Secretary of State, by 6th April 2012, either
to make regulations under section 416(4) of the Companies Act 2006 (c.46) requiring companies
to include in their Directors' Report such information about emissions as the regulations may require,
or to lay before Parliament explaining why he has not done so.

467. Subsection (2) provides that the duty to make regulations is complied with if they concern
any specified type of company or any specified category of emissions. The regulations do not have
to apply to all of the emissions of all companies.

Section 86: Report on the civil estate

468. This section places a duty on the Treasury to make an annual report to Parliament on the
progress made towards improving the efficiency and contribution to sustainability of buildings
which form part of the Government's civil estate.

469. Subsection (1) sets out the basic duty to make a report to Parliament in respect of each year,
beginning with 2008. Subsection (2) provides that the report must contain two specific elements:
it must set out the progress made towards reducing the size of the civil estate and progress made
towards ensuring that buildings that become part of the civil estate fall within the top quartile of
energy performance.

470. Subsection (3) places a duty on the Treasury to include in the report a statement explaining
why, if a building which has become part of the civil estate does not fall within the top quartile of
energy performance, the building has nevertheless become part of the estate.

471. Subsection (4) provides that each report must be laid before Parliament by 1st June in the year
after the year it relates to. So the report in respect of 2008 must be laid before Parliament by 1st
June 2009.
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472. Subsection (5) provides that the word “building” in this section only applies to buildings which
do not use energy for heating or cooling any part of their interior. Subsection (6) provides that a
building only forms part of the “civil estate” for the purposes of this section if it is used for central
government administration (as opposed to operational activities) and, on the date the Act receives
Royal Assent, it is of a description of buildings for which the Treasury has responsibilities in relation
to efficiency and sustainability.

473. Subsections (7) and (8) give the Treasury the power to provide, by affirmative resolution
order, that buildings of a specified description are or are not to be considered to form part of the
civil estate for the purposes of this section.

Section 87: Power of Ministers and departments to offset greenhouse gas emissions

474. This section authorises any Minister of the Crown or government department, the Scottish
Ministers, the Welsh Ministers and any Northern Ireland department to acquire units, or interests
in units, representing reductions in emissions of greenhouse gases, removals of greenhouse gases
from the atmosphere and units under cap-and-trade trading schemes.

475. This section therefore enables Her Majesty's Government and the devolved administrations
to offset emissions through the purchase of units (often referred to as “carbon credits”) or interests
in units (such as the right to buy units at a fixed price at some point in the future). It also allows
central government and the devolved administrations to purchase units or interests in units, by
arrangement, for other public bodies which do not have to power to do so of their own accord.
Units acquired using this power which meet the requirements of regulations under section 26 (carbon
units and carbon accounting) may be used to reduce the level of the net UK carbon account (see
section 27).

476. Subsection (3) provides that units or interests in units purchased by the Treasury are to be
treated as being held by the persons who constitute the Treasury at that time.

Section 88: Fines for offences relating to pollution

477. Subsection (1) of this section amends section 105(2) of the Clean Neighbourhoods and
Environment Act 2005 (c.16) to enable an increase in the maximum fines on summary conviction
that can be provided for under the Pollution Prevention and Control Act 1999 (c.24).

478. This subsection will enable the maximum fines on summary conviction under regulations
made under the Pollution Prevention and Control Act 1999 to be brought into line with the equivalent
maximum fines under section 33(8) of the Environmental Protection Act 1990 (c.43) in order to
ensure consistency in this area of regulation.

479. Subsection (2) amends the Environmental Permitting (England and Wales) Regulations 2007
(S.I. 2007/3538) so that such a change is made to those Regulations immediately on commencement
of the section. This makes the penalties consistent with those which were imposed for offences
against the Waste Management Licensing Regulations 1994 (S.I. 1994/1056).

Part 6: General supplementary provisions

Territorial scope of provisions relating to greenhouse gas emissions

Section 89: Territorial scope of provisions relating to greenhouse gas emissions
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480. This section provides that emissions from sources or other matters occurring in, above or
below “UK coastal waters” or on the “UK sector of the continental shelf” count as emissions from
the UK.

481. Subsection (2) defines “UK coastal waters” as areas on the land side of the seaward limit of
the territorial sea adjacent to the UK (i.e. out to 12 nautical miles), and “the UK sector of the
continental shelf” by reference to section 1(7) of the Continental Shelf Act 1964 (broadly, out to
200 nautical miles or the half-way point between countries, whichever is closer).

482. Subsection (3) provides that this section is subject to section 30, which provides that emissions
from international aviation and international shipping are not to be regarded as emissions from UK
sources for the purposes of Part 1 of the Act, unless regulations have been made to bring them in.

Orders and regulations

Section 90: Orders and regulations

483. This section makes general provision in respect of powers to make orders or regulations under
the Act. Subsection (3) allows orders or regulations to include supplementary, incidental and
consequential provision and to make transitional provision and savings. Subsections (4) and (5)
provide that any provision that may be made by order may instead be made by regulations, and
vice versa; this is a matter of administrative convenience — the precise form of the instrument has
no legal significance.

Section 91: Affirmative and negative resolution procedure

484. This section defines the terms “affirmative resolution procedure” and “negative resolution
procedure” as they apply to instruments made by the Secretary of State. Subsection (3) provides
that the affirmative resolution procedure may be used wherever the negative resolution procedure
is stipulated; this will allow provisions which would otherwise have to be made using different
procedures to be made in the same instrument. Subsection (4) provides that this section does not
apply to instruments making trading schemes (see section 49 and Schedule 3) or instruments in
relation to single use carrier bags (see section 77 and Schedule 6), both of which have their own
specific procedures.

Interpretation

Section 92: Meaning of “greenhouse gas”

485. This section defines the term “greenhouse gas” to include:
• carbon dioxide (CO2);
• methane (CH4);
• nitrous oxide (N2O);
• hydrofluorocarbons (HFCs);
• perfluorocarbons (PFCs);
• sulphur hexafluoride (SF6).

486. The definition of greenhouse gases follows that used in the Kyoto Protocol. Note that the term
“targeted greenhouse gas”, used in relation to the targets and budgets in Part 1 of the Act, is defined
separately in section 24; for the time being, the lists of gases are identical.

487. Subsections (2) to (4) give the Secretary of State a power to amend the definition of “greenhouse
gas” by negative resolution order. But the power can only be exercised if the Secretary of State

Climate Change Act 2008  Page 213

240  



considers that an international agreement has been reached which recognises that the gas contributes
to climate change.

Section 93: Measurement of emissions etc by reference to carbon dioxide equivalent

488. This section provides that emissions of greenhouse gases are to be measured or calculated in
“tonnes of carbon dioxide equivalent” (defined in subsection (2)); this is to allow for the differing
relative forcing effects and atmospheric lifetimes of differing greenhouse gases — for example,
over 100 years, a tonne of methane has 23 times the global warming effect of carbon dioxide. These
factors are known as “global warming potentials”, and are to be calculated consistently with
international carbon reporting practice (defined in section 94).

Section 94: Meaning of “international carbon reporting practice”

489. This section defines the term “international carbon reporting practice” as accepted practice
under the United Nations Framework Convention on Climate Change (UNFCCC) or other
international agreements which the Secretary of State may specify using a negative resolution
statutory instrument. For example, a post-2012 agreement may be specified for the purposes of this
section. An order may supplement or replace the requirement to follow UNFCCC practices.

Section 95: Meaning of “national authority”

490. This section defines the term “national authority” to mean the Secretary of State, the Scottish
Ministers, the Welsh Ministers and the relevant Northern Ireland department (see section 96).
Subsection (2) provides that functions conferred on “the national authorities” are to be exercised
jointly: they must agree on the way the function should be exercised and act together.

Section 96: Meaning of “relevant Northern Ireland department”

491. This section defines the term “relevant Northern Ireland department”. Different Northern
Ireland departments deal with different administrative matters in Northern Ireland; this section
provides that any given function is to be performed by the department which is responsible for the
relevant matter. Where two or more departments are responsible, then the term refers to both of
them (subsection (2)). Subsection (3) explains the process for answering a question as to which
department is responsible for a matter.

Section 97: Minor definitions

492. This section defines the other terms used in the Act. In particular, this section defines
“emissions” as meaning emissions of a given greenhouse gas into the atmosphere that are attributable
to human activity; non-anthropogenic emissions are excluded.

Section 98: Index of defined expressions

493. This section contains an index of the expressions which are defined in the Act and refers the
reader to where the definition can be found.

Final Provisions

Section 99: Extent

494. Apart from the sections and Schedules listed below, the Act extends to the whole of the United
Kingdom (for more information see the notes on territorial application above):

• Sections 71 to 76, 81 and 88, and Schedule 5, extend to England and Wales only;
• Section 77 and Schedule 6 extend to England and Wales and Northern Ireland only;
• Section 79 and Schedule 8 extend to England and Wales and Scotland only.
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Section 100: Commencement

495. This Act has been drafted so that the provisions will come into force as follows:
• Part 1 (carbon target and budgeting), Part 2 (the Committee on Climate Change) and Part
6 (general supplementary provisions) come into force on Royal Assent;
• section 71(1) and Schedule 5 (waste reduction schemes) come into force in accordance
with sections 72 to 75 (which make provision about piloting such schemes);
• section 81 (climate change measures reports in Wales) comes into force on a day to be
appointed by the Welsh Ministers;
• section 82 (repeal of previous reporting provision) comes into force on 1st January 2009
(so that the reporting requirements under section 2 of the Climate Change and Sustainable
Energy Act 2006 (c.19) apply in 2008);
• the rest of the Act comes into force two months after Royal Assent.

COMMENCEMENT DATE

496. See section 100 of the Act and the commentary above. The majority of provisions come into
force on Royal Assent or two months later. One section comes into force on a day to be appointed
and one section comes into force on 1st January 2009.

HANSARD REFERENCES

497. The following table sets out the dates and Hansard references for each stage of this Act's
passage through Parliament.

Hansard ReferenceDateStage

House of Lords

Vol 696 Col. 47314th November 2007Introduction

Vol 696 Cols. 1123–121427th November 2007Second Reading

Vol 697 Cols. 121–135,
150–188 and 202–222

11th December 2007Committee

Vol. 697 Cols. 477–487,
513–544 and 553–570

17th December 2007

Vol. 697 Cols 741–806 and
823–842

8th January 2008

Vol. 697 Cols. 851–8929th January 2008

Vol. 697 Cols. 1063–1125
and 1139–1172

14th January 2008

Vol. 698 Cols. 230–293 and
300–328

23rd January 2008

Vol. 698 Cols. 656–73630th January 2008

Vol. 698 Cols. 905–9134th February 2008

Vol. 699 Cols. 449–501 and
518–544

25th February 2008Report

Vol. 699 Cols. 982–1029 and
1064–1084

4th March 2008

Vol. 699 Cols. 1401–1469
and 1484–1506

11th March 2008
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Draft Legislation: This is a draft item of legislation. This draft has since been made as a UK
Statutory Instrument: The Climate Change Act 2008 (2050 Target Amendment) Order 2019 No. 1056

Draft Order laid before Parliament under sections 2(6) and 91(1) of the Climate Change Act 2008,
for approval by resolution of each House of Parliament.

DRAFT STATUTORY INSTRUMENTS

2019 No.

CLIMATE CHANGE

The Climate Change Act 2008 (2050
Target Amendment) Order 2019

Made       -      -      -      - ***

Coming into force in accordance with article 1

A draft of this instrument was laid before and approved by a resolution of each House of Parliament,
in accordance with sections 2(6) and 91(1) of the Climate Change Act 2008 (“the Act”)(1).
Before the draft was laid, the Secretary of State—

(a) obtained and took into account the advice of the Committee on Climate Change, in
accordance with section 3(1)(a) of the Act; and

(b) took into account representations made by the Scottish Ministers, the Welsh Ministers
and the Department of Agriculture, Environment and Rural Affairs in Northern Ireland in
accordance with section 3(1)(b) of the Act(2),

The Secretary of State considers that since the Act was passed, there have been significant
developments in scientific knowledge about climate change that make it appropriate to amend the
percentage specified in section 1(1) of the Act.
Accordingly, the Secretary of State, in exercise of the power conferred by section 2(1)(a) of the Act,
makes the following Order:

Citation and commencement

1. This Order may be cited as the Climate Change Act 2008 (2050 Target Amendment) Order
2019 and comes into force on the day after the day on which it is made.

Amendment of the target for 2050

2.—(1)  Section 1 of the Climate Change Act 2008 is amended as follows.
(2)  In subsection (1), for “80%” substitute “100%”.

(1) 2008 c.27
(2) see sections 95 and 96 of the Act for definitions of “national authority” and “relevant Northern Ireland Department”.
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EXPLANATORY NOTE

(This note is not part of the Order)

Article 2 of this Order amends section 1 of the Climate Change Act 2008 (c. 27) by altering the
percentage amount in subsection (1). Section 1(1) imposes a duty on the Secretary of State as to the
level of the “net UK carbon account” (the amount of net UK emissions of targeted greenhouse gases
for a period adjusted by the amount of carbon units credited or debited to the account) for the year
2050. The duty is to ensure that the net UK carbon account is lower than the “1990 baseline” (the
baseline of net UK emissions of targeted greenhouse gases against which the percentage amount in
subsection 1(1) is applied) by a minimum percentage amount.
The amendment in this Order has the effect that the minimum percentage by which the net UK carbon
account for the year 2050 must be lower than the 1990 baseline is increased from 80% to 100%.
A full impact assessment has not been produced for this instrument.

3
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  United Nations Framework Convention on Climate Change 

 The Parties to this Convention, 

 Acknowledging that change in the Earth’s climate and its adverse effects are a 

common concern of humankind, 

 Concerned that human activities have been substantially increasing the atmospheric 

concentrations of greenhouse gases, that these increases enhance the natural greenhouse 

effect, and that this will result on average in an additional warming of the Earth’s surface 

and atmosphere and may adversely affect natural ecosystems and humankind, 

 Noting that the largest share of historical and current global emissions of greenhouse 

gases has originated in developed countries, that per capita emissions in developing 

countries are still relatively low and that the share of global emissions originating in 

developing countries will grow to meet their social and development needs, 

 Aware of the role and importance in terrestrial and marine ecosystems of sinks and 

reservoirs of greenhouse gases, 

 Noting that there are many uncertainties in predictions of climate change, 

particularly with regard to the timing, magnitude and regional patterns thereof, 

 Acknowledging that the global nature of climate change calls for the widest possible 

cooperation by all countries and their participation in an effective and appropriate 

international response, in accordance with their common but differentiated responsibilities 

and respective capabilities and their social and economic conditions, 

 Recalling the pertinent provisions of the Declaration of the United Nations 

Conference on the Human Environment, adopted at Stockholm on 16 June 1972, 

 Recalling also that States have, in accordance with the Charter of the United Nations 

and the principles of international law, the sovereign right to exploit their own resources 

pursuant to their own environmental and developmental policies, and the responsibility to 

ensure that activities within their jurisdiction or control do not cause damage to the 

environment of other States or of areas beyond the limits of national jurisdiction, 

 Reaffirming the principle of sovereignty of States in international cooperation to 

address climate change, 

 Recognizing that States should enact effective environmental legislation, that 

environmental standards, management objectives and priorities should reflect the 

environmental and developmental context to which they apply, and that standards applied 

by some countries may be inappropriate and of unwarranted economic and social cost to 

other countries, in particular developing countries, 

 Recalling the provisions of General Assembly resolution 44/228 of 22 December 

1989 on the United Nations Conference on Environment and Development, and resolutions 

43/53 of 6 December 1988, 44/207 of 22 December 1989, 45/212 of 21 December 1990 and 

46/169 of 19 December 1991 on protection of global climate for present and future 

generations of mankind, 

 Recalling also the provisions of General Assembly resolution 44/206 of 22 

December 1989 on the possible adverse effects of sea-level rise on islands and coastal 

areas, particularly low-lying coastal areas and the pertinent provisions of General Assembly 

resolution 44/172 of 19 December 1989 on the implementation of the Plan of Action to 

Combat Desertification, 
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 Recalling further the Vienna Convention for the Protection of the Ozone Layer, 

1985, and the Montreal Protocol on Substances that Deplete the Ozone Layer, 1987, as 

adjusted and amended on 29 June 1990, 

 Noting the Ministerial Declaration of the Second World Climate Conference adopted 

on 7 November 1990, 

 Conscious of the valuable analytical work being conducted by many States on 

climate change and of the important contributions of the World Meteorological 

Organization, the United Nations Environment Programme and other organs, organizations 

and bodies of the United Nations system, as well as other international and 

intergovernmental bodies, to the exchange of results of scientific research and the 

coordination of research, 

 Recognizing that steps required to understand and address climate change will be 

environmentally, socially and economically most effective if they are based on relevant 

scientific, technical and economic considerations and continually re-evaluated in the light 

of new findings in these areas, 

 Recognizing that various actions to address climate change can be justified 

economically in their own right and can also help in solving other environmental problems, 

 Recognizing also the need for developed countries to take immediate action in a 

flexible manner on the basis of clear priorities, as a first step towards comprehensive 

response strategies at the global, national and, where agreed, regional levels that take into 

account all greenhouse gases, with due consideration of their relative contributions to the 

enhancement of the greenhouse effect, 

 Recognizing further that low-lying and other small island countries, countries with 

low-lying coastal, arid and semi-arid areas or areas liable to floods, drought and 

desertification, and developing countries with fragile mountainous ecosystems are 

particularly vulnerable to the adverse effects of climate change, 

 Recognizing the special difficulties of those countries, especially developing 

countries, whose economies are particularly dependent on fossil fuel production, use and 

exportation, as a consequence of action taken on limiting greenhouse gas emissions, 

 Affirming that responses to climate change should be coordinated with social and 

economic development in an integrated manner with a view to avoiding adverse impacts on 

the latter, taking into full account the legitimate priority needs of developing countries for 

the achievement of sustained economic growth and the eradication of poverty, 

 Recognizing that all countries, especially developing countries, need access to 

resources required to achieve sustainable social and economic development and that, in 

order for developing countries to progress towards that goal, their energy consumption will 

need to grow taking into account the possibilities for achieving greater energy efficiency 

and for controlling greenhouse gas emissions in general, including through the application 

of new technologies on terms which make such an application economically and socially 

beneficial, 

 Determined to protect the climate system for present and future generations, 

 Have agreed as follows: 
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  Article 1 

Definitions* 

 For the purposes of this Convention: 

1. “Adverse effects of climate change” means changes in the physical environment or 

biota resulting from climate change which have significant deleterious effects on the 

composition, resilience or productivity of natural and managed ecosystems or on the 

operation of socio-economic systems or on human health and welfare. 

2. “Climate change” means a change of climate which is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere and which 

is in addition to natural climate variability observed over comparable time periods. 

3. “Climate system” means the totality of the atmosphere, hydrosphere, biosphere and 

geosphere and their interactions. 

4. “Emissions” means the release of greenhouse gases and/or their precursors into the 

atmosphere over a specified area and period of time. 

5. “Greenhouse gases” means those gaseous constituents of the atmosphere, both 

natural and anthropogenic, that absorb and re-emit infrared radiation. 

6. “Regional economic integration organization” means an organization constituted by 

sovereign States of a given region which has competence in respect of matters governed by 

this Convention or its protocols and has been duly authorized, in accordance with its 

internal procedures, to sign, ratify, accept, approve or accede to the instruments concerned. 

7. “Reservoir” means a component or components of the climate system where a 

greenhouse gas or a precursor of a greenhouse gas is stored. 

8. “Sink” means any process, activity or mechanism which removes a greenhouse gas, 

an aerosol or a precursor of a greenhouse gas from the atmosphere. 

9. “Source” means any process or activity which releases a greenhouse gas, an aerosol 

or a precursor of a greenhouse gas into the atmosphere. 

  Article 2 

Objective 

 The ultimate objective of this Convention and any related legal instruments that the 

Conference of the Parties may adopt is to achieve, in accordance with the relevant 

provisions of the Convention, stabilization of greenhouse gas concentrations in the 

atmosphere at a level that would prevent dangerous anthropogenic interference with the 

climate system. Such a level should be achieved within a time frame sufficient to allow 

ecosystems to adapt naturally to climate change, to ensure that food production is not 

threatened and to enable economic development to proceed in a sustainable manner. 

  Article 3 

Principles 

 In their actions to achieve the objective of the Convention and to implement its 

provisions, the Parties shall be guided, inter alia, by the following: 

  
 * Titles of articles are included solely to assist the reader. 
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1. The Parties should protect the climate system for the benefit of present and future 

generations of humankind, on the basis of equity and in accordance with their common but 

differentiated responsibilities and respective capabilities. Accordingly, the developed 

country Parties should take the lead in combating climate change and the adverse effects 

thereof. 

2. The specific needs and special circumstances of developing country Parties, 

especially those that are particularly vulnerable to the adverse effects of climate change, 

and of those Parties, especially developing country Parties, that would have to bear a 

disproportionate or abnormal burden under the Convention, should be given full 

consideration. 

3. The Parties should take precautionary measures to anticipate, prevent or minimize 

the causes of climate change and mitigate its adverse effects. Where there are threats of 

serious or irreversible damage, lack of full scientific certainty should not be used as a 

reason for postponing such measures, taking into account that policies and measures to deal 

with climate change should be cost-effective so as to ensure global benefits at the lowest 

possible cost. To achieve this, such policies and measures should take into account different 

socio-economic contexts, be comprehensive, cover all relevant sources, sinks and reservoirs 

of greenhouse gases and adaptation, and comprise all economic sectors. Efforts to address 

climate change may be carried out cooperatively by interested Parties. 

4. The Parties have a right to, and should, promote sustainable development. Policies 

and measures to protect the climate system against human-induced change should be 

appropriate for the specific conditions of each Party and should be integrated with national 

development programmes, taking into account that economic development is essential for 

adopting measures to address climate change. 

5. The Parties should cooperate to promote a supportive and open international 

economic system that would lead to sustainable economic growth and development in all 

Parties, particularly developing country Parties, thus enabling them better to address the 

problems of climate change. Measures taken to combat climate change, including unilateral 

ones, should not constitute a means of arbitrary or unjustifiable discrimination or a 

disguised restriction on international trade. 

  Article 4 

Commitments 

1. All Parties, taking into account their common but differentiated responsibilities and 

their specific national and regional development priorities, objectives and circumstances, 

shall: 

 (a) Develop, periodically update, publish and make available to the Conference 

of the Parties, in accordance with Article 12, national inventories of anthropogenic 

emissions by sources and removals by sinks of all greenhouse gases not controlled by the 

Montreal Protocol, using comparable methodologies to be agreed upon by the Conference 

of the Parties; 

 (b) Formulate, implement, publish and regularly update national and, where 

appropriate, regional programmes containing measures to mitigate climate change by 

addressing anthropogenic emissions by sources and removals by sinks of all greenhouse 

gases not controlled by the Montreal Protocol, and measures to facilitate adequate 

adaptation to climate change; 

 (c) Promote and cooperate in the development, application and diffusion, 

including transfer, of technologies, practices and processes that control, reduce or prevent 
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anthropogenic emissions of greenhouse gases not controlled by the Montreal Protocol in all 

relevant sectors, including the energy, transport, industry, agriculture, forestry and waste 

management sectors; 

 (d) Promote sustainable management, and promote and cooperate in the 

conservation and enhancement, as appropriate, of sinks and reservoirs of all greenhouse 

gases not controlled by the Montreal Protocol, including biomass, forests and oceans as 

well as other terrestrial, coastal and marine ecosystems; 

 (e) Cooperate in preparing for adaptation to the impacts of climate change; 

develop and elaborate appropriate and integrated plans for coastal zone management, water 

resources and agriculture, and for the protection and rehabilitation of areas, particularly in 

Africa, affected by drought and desertification, as well as floods; 

 (f) Take climate change considerations into account, to the extent feasible, in 

their relevant social, economic and environmental policies and actions, and employ 

appropriate methods, for example impact assessments, formulated and determined 

nationally, with a view to minimizing adverse effects on the economy, on public health and 

on the quality of the environment, of projects or measures undertaken by them to mitigate 

or adapt to climate change; 

 (g) Promote and cooperate in scientific, technological, technical, socio-economic 

and other research, systematic observation and development of data archives related to the 

climate system and intended to further the understanding and to reduce or eliminate the 

remaining uncertainties regarding the causes, effects, magnitude and timing of climate 

change and the economic and social consequences of various response strategies; 

 (h) Promote and cooperate in the full, open and prompt exchange of relevant 

scientific, technological, technical, socio-economic and legal information related to the 

climate system and climate change, and to the economic and social consequences of various 

response strategies; 

 (i) Promote and cooperate in education, training and public awareness related to 

climate change and encourage the widest participation in this process, including that of 

non-governmental organizations; and 

 (j) Communicate to the Conference of the Parties information related to 

implementation, in accordance with Article 12. 

2. The developed country Parties and other Parties included in Annex I commit 

themselves specifically as provided for in the following: 

 (a) Each of these Parties shall adopt national
1
 policies and take corresponding 

measures on the mitigation of climate change, by limiting its anthropogenic emissions of 

greenhouse gases and protecting and enhancing its greenhouse gas sinks and reservoirs. 

These policies and measures will demonstrate that developed countries are taking the lead 

in modifying longer-term trends in anthropogenic emissions consistent with the objective of 

the Convention, recognizing that the return by the end of the present decade to earlier levels 

of anthropogenic emissions of carbon dioxide and other greenhouse gases not controlled by 

the Montreal Protocol would contribute to such modification, and taking into account the 

differences in these Parties’ starting points and approaches, economic structures and 

resource bases, the need to maintain strong and sustainable economic growth, available 

technologies and other individual circumstances, as well as the need for equitable and 

appropriate contributions by each of these Parties to the global effort regarding that 

  

 1 This includes policies and measures adopted by regional economic integration organizations. 
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objective. These Parties may implement such policies and measures jointly with other 

Parties and may assist other Parties in contributing to the achievement of the objective of 

the Convention and, in particular, that of this subparagraph; 

 (b) In order to promote progress to this end, each of these Parties shall 

communicate, within six months of the entry into force of the Convention for it and 

periodically thereafter, and in accordance with Article 12, detailed information on its 

policies and measures referred to in subparagraph (a) above, as well as on its resulting 

projected anthropogenic emissions by sources and removals by sinks of greenhouse gases 

not controlled by the Montreal Protocol for the period referred to in subparagraph (a), with 

the aim of returning individually or jointly to their 1990 levels these anthropogenic 

emissions of carbon dioxide and other greenhouse gases not controlled by the Montreal 

Protocol. This information will be reviewed by the Conference of the Parties, at its first 

session and periodically thereafter, in accordance with Article 7; 

 (c) Calculations of emissions by sources and removals by sinks of greenhouse 

gases for the purposes of subparagraph (b) above should take into account the best available 

scientific knowledge, including of the effective capacity of sinks and the respective 

contributions of such gases to climate change. The Conference of the Parties shall consider 

and agree on methodologies for these calculations at its first session and review them 

regularly thereafter; 

 (d) The Conference of the Parties shall, at its first session, review the adequacy 

of subparagraphs (a) and (b) above. Such review shall be carried out in the light of the best 

available scientific information and assessment on climate change and its impacts, as well 

as relevant technical, social and economic information. Based on this review, the 

Conference of the Parties shall take appropriate action, which may include the adoption of 

amendments to the commitments in subparagraphs (a) and (b) above. The Conference of 

the Parties, at its first session, shall also take decisions regarding criteria for joint 

implementation as indicated in subparagraph (a) above. A second review of subparagraphs 

(a) and (b) shall take place not later than 31 December 1998, and thereafter at regular 

intervals determined by the Conference of the Parties, until the objective of the Convention 

is met; 

 (e) Each of these Parties shall: 

(i) Coordinate as appropriate with other such Parties, relevant economic and 

administrative instruments developed to achieve the objective of the Convention; 

and 

(ii) Identify and periodically review its own policies and practices which 

encourage activities that lead to greater levels of anthropogenic emissions of 

greenhouse gases not controlled by the Montreal Protocol than would otherwise 

occur; 

 (f) The Conference of the Parties shall review, not later than 31 December 1998, 

available information with a view to taking decisions regarding such amendments to the 

lists in Annexes I and II as may be appropriate, with the approval of the Party concerned; 

 (g) Any Party not included in Annex I may, in its instrument of ratification, 

acceptance, approval or accession, or at any time thereafter, notify the Depositary that it 

intends to be bound by subparagraphs (a) and (b) above. The Depositary shall inform the 

other signatories and Parties of any such notification. 

3. The developed country Parties and other developed Parties included in Annex II 

shall provide new and additional financial resources to meet the agreed full costs incurred 

by developing country Parties in complying with their obligations under Article 12, 

paragraph 1. They shall also provide such financial resources, including for the transfer of 
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technology, needed by the developing country Parties to meet the agreed full incremental 

costs of implementing measures that are covered by paragraph 1 of this Article and that are 

agreed between a developing country Party and the international entity or entities referred 

to in Article 11, in accordance with that Article. The implementation of these commitments 

shall take into account the need for adequacy and predictability in the flow of funds and the 

importance of appropriate burden sharing among the developed country Parties. 

4. The developed country Parties and other developed Parties included in Annex II 

shall also assist the developing country Parties that are particularly vulnerable to the 

adverse effects of climate change in meeting costs of adaptation to those adverse effects. 

5. The developed country Parties and other developed Parties included in Annex II 

shall take all practicable steps to promote, facilitate and finance, as appropriate, the transfer 

of, or access to, environmentally sound technologies and know-how to other Parties, 

particularly developing country Parties, to enable them to implement the provisions of the 

Convention. In this process, the developed country Parties shall support the development 

and enhancement of endogenous capacities and technologies of developing country Parties. 

Other Parties and organizations in a position to do so may also assist in facilitating the 

transfer of such technologies. 

6. In the implementation of their commitments under paragraph 2 above, a certain 

degree of flexibility shall be allowed by the Conference of the Parties to the Parties 

included in Annex I undergoing the process of transition to a market economy, in order to 

enhance the ability of these Parties to address climate change, including with regard to the 

historical level of anthropogenic emissions of greenhouse gases not controlled by the 

Montreal Protocol chosen as a reference. 

7. The extent to which developing country Parties will effectively implement their 

commitments under the Convention will depend on the effective implementation by 

developed country Parties of their commitments under the Convention related to financial 

resources and transfer of technology and will take fully into account that economic and 

social development and poverty eradication are the first and overriding priorities of the 

developing country Parties. 

8. In the implementation of the commitments in this Article, the Parties shall give full 

consideration to what actions are necessary under the Convention, including actions related 

to funding, insurance and the transfer of technology, to meet the specific needs and 

concerns of developing country Parties arising from the adverse effects of climate change 

and/or the impact of the implementation of response measures, especially on: 

 (a) Small island countries; 

 (b) Countries with low-lying coastal areas; 

 (c) Countries with arid and semi-arid areas, forested areas and areas liable to 

forest decay; 

 (d) Countries with areas prone to natural disasters; 

 (e) Countries with areas liable to drought and desertification; 

 (f) Countries with areas of high urban atmospheric pollution; 

 (g) Countries with areas with fragile ecosystems, including mountainous 

ecosystems; 

 (h) Countries whose economies are highly dependent on income generated from 

the production, processing and export, and/or on consumption of fossil fuels and associated 

energy-intensive products; and 
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 (i) Landlocked and transit countries. 

Further, the Conference of the Parties may take actions, as appropriate, with respect to this 

paragraph. 

9. The Parties shall take full account of the specific needs and special situations of the 

least developed countries in their actions with regard to funding and transfer of technology. 

10. The Parties shall, in accordance with Article 10, take into consideration in the 

implementation of the commitments of the Convention the situation of Parties, particularly 

developing country Parties, with economies that are vulnerable to the adverse effects of the 

implementation of measures to respond to climate change. This applies notably to Parties 

with economies that are highly dependent on income generated from the production, 

processing and export, and/or consumption of fossil fuels and associated energy-intensive 

products and/or the use of fossil fuels for which such Parties have serious difficulties in 

switching to alternatives. 

  Article 5 

Research and systematic observation 

 In carrying out their commitments under Article 4, paragraph 1 (g), the Parties shall: 

 (a) Support and further develop, as appropriate, international and 

intergovernmental programmes and networks or organizations aimed at defining, 

conducting, assessing and financing research, data collection and systematic observation, 

taking into account the need to minimize duplication of effort; 

 (b) Support international and intergovernmental efforts to strengthen systematic 

observation and national scientific and technical research capacities and capabilities, 

particularly in developing countries, and to promote access to, and the exchange of, data 

and analyses thereof obtained from areas beyond national jurisdiction; and 

 (c) Take into account the particular concerns and needs of developing countries 

and cooperate in improving their endogenous capacities and capabilities to participate in the 

efforts referred to in subparagraphs (a) and (b) above. 

  Article 6 

Education, training and public awareness 

 In carrying out their commitments under Article 4, paragraph 1 (i), the Parties shall: 

 (a) Promote and facilitate at the national and, as appropriate, subregional and 

regional levels, and in accordance with national laws and regulations, and within their 

respective capacities: 

(i) The development and implementation of educational and public awareness 

programmes on climate change and its effects; 

(ii) Public access to information on climate change and its effects; 

(iii) Public participation in addressing climate change and its effects and 

developing adequate responses; and 

(iv) Training of scientific, technical and managerial personnel; 

 (b) Cooperate in and promote, at the international level, and, where appropriate, 

using existing bodies: 
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(i) The development and exchange of educational and public awareness material 

on climate change and its effects; and 

(ii) The development and implementation of education and training programmes, 

including the strengthening of national institutions and the exchange or secondment 

of personnel to train experts in this field, in particular for developing countries. 

  Article 7 

Conference Of The Parties 

1. A Conference of the Parties is hereby established. 

2. The Conference of the Parties, as the supreme body of this Convention, shall keep 

under regular review the implementation of the Convention and any related legal 

instruments that the Conference of the Parties may adopt, and shall make, within its 

mandate, the decisions necessary to promote the effective implementation of the 

Convention. To this end, it shall: 

 (a) Periodically examine the obligations of the Parties and the institutional 

arrangements under the Convention, in the light of the objective of the Convention, the 

experience gained in its implementation and the evolution of scientific and technological 

knowledge; 

 (b) Promote and facilitate the exchange of information on measures adopted by 

the Parties to address climate change and its effects, taking into account the differing 

circumstances, responsibilities and capabilities of the Parties and their respective 

commitments under the Convention; 

 (c) Facilitate, at the request of two or more Parties, the coordination of measures 

adopted by them to address climate change and its effects, taking into account the differing 

circumstances, responsibilities and capabilities of the Parties and their respective 

commitments under the Convention; 

 (d) Promote and guide, in accordance with the objective and provisions of the 

Convention, the development and periodic refinement of comparable methodologies, to be 

agreed on by the Conference of the Parties, inter alia, for preparing inventories of 

greenhouse gas emissions by sources and removals by sinks, and for evaluating the 

effectiveness of measures to limit the emissions and enhance the removals of these gases; 

 (e) Assess, on the basis of all information made available to it in accordance with 

the provisions of the Convention, the implementation of the Convention by the Parties, the 

overall effects of the measures taken pursuant to the Convention, in particular 

environmental, economic and social effects as well as their cumulative impacts and the 

extent to which progress towards the objective of the Convention is being achieved; 

 (f) Consider and adopt regular reports on the implementation of the Convention 

and ensure their publication; 

 (g) Make recommendations on any matters necessary for the implementation of 

the Convention; 

 (h) Seek to mobilize financial resources in accordance with Article 4, paragraphs 

3, 4 and 5, and Article 11; 

 (i) Establish such subsidiary bodies as are deemed necessary for the 

implementation of the Convention; 
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 (j) Review reports submitted by its subsidiary bodies and provide guidance to 

them; 

 (k) Agree upon and adopt, by consensus, rules of procedure and financial rules 

for itself and for any subsidiary bodies; 

 (l) Seek and utilize, where appropriate, the services and cooperation of, and 

information provided by, competent international organizations and intergovernmental and 

non-governmental bodies; and 

 (m) Exercise such other functions as are required for the achievement of the 

objective of the Convention as well as all other functions assigned to it under the 

Convention. 

3. The Conference of the Parties shall, at its first session, adopt its own rules of 

procedure as well as those of the subsidiary bodies established by the Convention, which 

shall include decision-making procedures for matters not already covered by decision-

making procedures stipulated in the Convention. Such procedures may include specified 

majorities required for the adoption of particular decisions. 

4. The first session of the Conference of the Parties shall be convened by the interim 

secretariat referred to in Article 21 and shall take place not later than one year after the date 

of entry into force of the Convention. Thereafter, ordinary sessions of the Conference of the 

Parties shall be held every year unless otherwise decided by the Conference of the Parties. 

5. Extraordinary sessions of the Conference of the Parties shall be held at such other 

times as may be deemed necessary by the Conference, or at the written request of any 

Party, provided that, within six months of the request being communicated to the Parties by 

the secretariat, it is supported by at least one third of the Parties. 

6. The United Nations, its specialized agencies and the International Atomic Energy 

Agency, as well as any State member thereof or observers thereto not Party to the 

Convention, may be represented at sessions of the Conference of the Parties as observers. 

Anybody or agency, whether national or international, governmental or non-governmental, 

which is qualified in matters covered by the Convention, and which has informed the 

secretariat of its wish to be represented at a session of the Conference of the Parties as an 

observer, may be so admitted unless at least one third of the Parties present object. The 

admission and participation of observers shall be subject to the rules of procedure adopted 

by the Conference of the Parties. 

  Article 8 

Secretariat 

1. A secretariat is hereby established. 

2. The functions of the secretariat shall be: 

 (a) To make arrangements for sessions of the Conference of the Parties and its 

subsidiary bodies established under the Convention and to provide them with services as 

required; 

 (b) To compile and transmit reports submitted to it; 

 (c) To facilitate assistance to the Parties, particularly developing country Parties, 

on request, in the compilation and communication of information required in accordance 

with the provisions of the Convention; 
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 (d) To prepare reports on its activities and present them to the Conference of the 

Parties; 

 (e) To ensure the necessary coordination with the secretariats of other relevant 

international bodies; 

 (f) To enter, under the overall guidance of the Conference of the Parties, into 

such administrative and contractual arrangements as may be required for the effective 

discharge of its functions; and 

 (g) To perform the other secretariat functions specified in the Convention and in 

any of its protocols and such other functions as may be determined by the Conference of 

the Parties. 

3. The Conference of the Parties, at its first session, shall designate a permanent 

secretariat and make arrangements for its functioning. 

  Article 9 

Subsidiary body for scientific and technological advice 

1. A subsidiary body for scientific and technological advice is hereby established to 

provide the Conference of the Parties and, as appropriate, its other subsidiary bodies with 

timely information and advice on scientific and technological matters relating to the 

Convention. This body shall be open to participation by all Parties and shall be 

multidisciplinary. It shall comprise government representatives competent in the relevant 

field of expertise. It shall report regularly to the Conference of the Parties on all aspects of 

its work.  

2. Under the guidance of the Conference of the Parties, and drawing upon existing 

competent international bodies, this body shall: 

 (a) Provide assessments of the state of scientific knowledge relating to climate 

change and its effects; 

 (b) Prepare scientific assessments on the effects of measures taken in the 

implementation of the Convention; 

 (c) Identify innovative, efficient and state-of-the-art technologies and know-how 

and advise on the ways and means of promoting development and/or transferring such 

technologies; 

 (d) Provide advice on scientific programmes, international cooperation in 

research and development related to climate change, as well as on ways and means of 

supporting endogenous capacity-building in developing countries; and 

 (e) Respond to scientific, technological and methodological questions that the 

Conference of the Parties and its subsidiary bodies may put to the body. 

3. The functions and terms of reference of this body may be further elaborated by the 

Conference of the Parties. 

  Article 10 

Subsidiary body for implementation 

1. A subsidiary body for implementation is hereby established to assist the Conference 

of the Parties in the assessment and review of the effective implementation of the 

Convention. This body shall be open to participation by all Parties and comprise 
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government representatives who are experts on matters related to climate change. It shall 

report regularly to the Conference of the Parties on all aspects of its work. 

2. Under the guidance of the Conference of the Parties, this body shall: 

 (a) Consider the information communicated in accordance with Article 12, 

paragraph 1, to assess the overall aggregated effect of the steps taken by the Parties in the 

light of the latest scientific assessments concerning climate change; 

 (b) Consider the information communicated in accordance with Article 12, 

paragraph 2, in order to assist the Conference of the Parties in carrying out the reviews 

required by Article 4, paragraph 2 (d); and 

 (c) Assist the Conference of the Parties, as appropriate, in the preparation and 

implementation of its decisions. 

  Article 11 

Financial mechanism 

1. A mechanism for the provision of financial resources on a grant or concessional 

basis, including for the transfer of technology, is hereby defined. It shall function under the 

guidance of and be accountable to the Conference of the Parties, which shall decide on its 

policies, programme priorities and eligibility criteria related to this Convention. Its 

operation shall be entrusted to one or more existing international entities. 

2. The financial mechanism shall have an equitable and balanced representation of all 

Parties within a transparent system of governance. 

3. The Conference of the Parties and the entity or entities entrusted with the operation 

of the financial mechanism shall agree upon arrangements to give effect to the above 

paragraphs, which shall include the following: 

 (a) Modalities to ensure that the funded projects to address climate change are in 

conformity with the policies, programme priorities and eligibility criteria established by the 

Conference of the Parties; 

 (b) Modalities by which a particular funding decision may be reconsidered in 

light of these policies, programme priorities and eligibility criteria; 

 (c) Provision by the entity or entities of regular reports to the Conference of the 

Parties on its funding operations, which is consistent with the requirement for 

accountability set out in paragraph 1 above; and 

 (d) Determination in a predictable and identifiable manner of the amount of 

funding necessary and available for the implementation of this Convention and the 

conditions under which that amount shall be periodically reviewed. 

4. The Conference of the Parties shall make arrangements to implement the above-

mentioned provisions at its first session, reviewing and taking into account the interim 

arrangements referred to in Article 21, paragraph 3, and shall decide whether these interim 

arrangements shall be maintained. Within four years thereafter, the Conference of the 

Parties shall review the financial mechanism and take appropriate measures. 

5. The developed country Parties may also provide and developing country Parties 

avail themselves of, financial resources related to the implementation of the Convention 

through bilateral, regional and other multilateral channels. 
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  Article 12 

Communication of information related to implementation 

1. In accordance with Article 4, paragraph 1, each Party shall communicate to the 

Conference of the Parties, through the secretariat, the following elements of information: 

 (a) A national inventory of anthropogenic emissions by sources and removals by 

sinks of all greenhouse gases not controlled by the Montreal Protocol, to the extent its 

capacities permit, using comparable methodologies to be promoted and agreed upon by the 

Conference of the Parties; 

 (b) A general description of steps taken or envisaged by the Party to implement 

the Convention; and 

 (c) Any other information that the Party considers relevant to the achievement of 

the objective of the Convention and suitable for inclusion in its communication, including, 

if feasible, material relevant for calculations of global emission trends. 

2. Each developed country Party and each other Party included in Annex I shall 

incorporate in its communication the following elements of information: 

 (a) A detailed description of the policies and measures that it has adopted to 

implement its commitment under Article 4, paragraphs 2 (a) and 2 (b); and 

 (b) A specific estimate of the effects that the policies and measures referred to in 

subparagraph (a) immediately above will have on anthropogenic emissions by its sources 

and removals by its sinks of greenhouse gases during the period referred to in Article 4, 

paragraph 2 (a). 

3. In addition, each developed country Party and each other developed Party included 

in Annex II shall incorporate details of measures taken in accordance with Article 4, 

paragraphs 3, 4 and 5.  

4. Developing country Parties may, on a voluntary basis, propose projects for 

financing, including specific technologies, materials, equipment, techniques or practices 

that would be needed to implement such projects, along with, if possible, an estimate of all 

incremental costs, of the reductions of emissions and increments of removals of greenhouse 

gases, as well as an estimate of the consequent benefits. 

5. Each developed country Party and each other Party included in Annex I shall make 

its initial communication within six months of the entry into force of the Convention for 

that Party. Each Party not so listed shall make its initial communication within three years 

of the entry into force of the Convention for that Party, or of the availability of financial 

resources in accordance with Article 4, paragraph 3. Parties that are least developed 

countries may make their initial communication at their discretion. The frequency of 

subsequent communications by all Parties shall be determined by the Conference of the 

Parties, taking into account the differentiated timetable set by this paragraph. 

6. Information communicated by Parties under this Article shall be transmitted by the 

secretariat as soon as possible to the Conference of the Parties and to any subsidiary bodies 

concerned. If necessary, the procedures for the communication of information may be 

further considered by the Conference of the Parties. 

7. From its first session, the Conference of the Parties shall arrange for the provision to 

developing country Parties of technical and financial support, on request, in compiling and 

communicating information under this Article, as well as in identifying the technical and 

financial needs associated with proposed projects and response measures under Article 4. 
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Such support may be provided by other Parties, by competent international organizations 

and by the secretariat, as appropriate. 

8. Any group of Parties may, subject to guidelines adopted by the Conference of the 

Parties, and to prior notification to the Conference of the Parties, make a joint 

communication in fulfilment of their obligations under this Article, provided that such a 

communication includes information on the fulfilment by each of these Parties of its 

individual obligations under the Convention.  

9. Information received by the secretariat that is designated by a Party as confidential, 

in accordance with criteria to be established by the Conference of the Parties, shall be 

aggregated by the secretariat to protect its confidentiality before being made available to 

any of the bodies involved in the communication and review of information. 

10. Subject to paragraph 9 above, and without prejudice to the ability of any Party to 

make public its communication at any time, the secretariat shall make communications by 

Parties under this Article publicly available at the time they are submitted to the Conference 

of the Parties. 

  Article 13 

Resolution of questions regarding implementation 

 The Conference of the Parties shall, at its first session, consider the establishment of 

a multilateral consultative process, available to Parties on their request, for the resolution of 

questions regarding the implementation of the Convention. 

  Article 14 

Settlement of disputes 

1. In the event of a dispute between any two or more Parties concerning the 

interpretation or application of the Convention, the Parties concerned shall seek a 

settlement of the dispute through negotiation or any other peaceful means of their own 

choice. 

2. When ratifying, accepting, approving or acceding to the Convention, or at any time 

thereafter, a Party which is not a regional economic integration organization may declare in 

a written instrument submitted to the Depositary that, in respect of any dispute concerning 

the interpretation or application of the Convention, it recognizes as compulsory ipso facto 

and without special agreement, in relation to any Party accepting the same obligation: 

 (a) Submission of the dispute to the International Court of Justice; and/or 

 (b) Arbitration in accordance with procedures to be adopted by the Conference of 

the Parties as soon as practicable, in an annex on arbitration. 

A Party which is a regional economic integration organization may make a declaration with 

like effect in relation to arbitration in accordance with the procedures referred to in 

subparagraph (b) above. 

3. A declaration made under paragraph 2 above shall remain in force until it expires in 

accordance with its terms or until three months after written notice of its revocation has 

been deposited with the Depositary. 

4. A new declaration, a notice of revocation or the expiry of a declaration shall not in 

any way affect proceedings pending before the International Court of Justice or the arbitral 

tribunal, unless the parties to the dispute otherwise agree. 
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5. Subject to the operation of paragraph 2 above, if after twelve months following 

notification by one Party to another that a dispute exists between them, the Parties 

concerned have not been able to settle their dispute through the means mentioned in 

paragraph 1 above, the dispute shall be submitted, at the request of any of the parties to the 

dispute, to conciliation. 

6. A conciliation commission shall be created upon the request of one of the parties to 

the dispute. The commission shall be composed of an equal number of members appointed 

by each party concerned and a chairman chosen jointly by the members appointed by each 

party. The commission shall render a recommendatory award, which the parties shall 

consider in good faith. 

7. Additional procedures relating to conciliation shall be adopted by the Conference of 

the Parties, as soon as practicable, in an annex on conciliation. 

8. The provisions of this Article shall apply to any related legal instrument which the 

Conference of the Parties may adopt, unless the instrument provides otherwise. 

  Article 15 

Amendments to the Convention 

1. Any Party may propose amendments to the Convention. 

2. Amendments to the Convention shall be adopted at an ordinary session of the 

Conference of the Parties. The text of any proposed amendment to the Convention shall be 

communicated to the Parties by the secretariat at least six months before the meeting at 

which it is proposed for adoption. The secretariat shall also communicate proposed 

amendments to the signatories to the Convention and, for information, to the Depositary. 

3. The Parties shall make every effort to reach agreement on any proposed amendment 

to the Convention by consensus. If all efforts at consensus have been exhausted, and no 

agreement reached, the amendment shall as a last resort be adopted by a three-fourths 

majority vote of the Parties present and voting at the meeting. The adopted amendment 

shall be communicated by the secretariat to the Depositary, who shall circulate it to all 

Parties for their acceptance. 

4.  Instruments of acceptance in respect of an amendment shall be deposited with the 

Depositary. An amendment adopted in accordance with paragraph 3 above shall enter into 

force for those Parties having accepted it on the ninetieth day after the date of receipt by the 

Depositary of an instrument of acceptance by at least three fourths of the Parties to the 

Convention. 

5. The amendment shall enter into force for any other Party on the ninetieth day after 

the date on which that Party deposits with the Depositary its instrument of acceptance of the 

said amendment.  

6. For the purposes of this Article, “Parties present and voting” means Parties present 

and casting an affirmative or negative vote. 

  Article 16 

Adoption and amendment of annexes to the Convention 

1. Annexes to the Convention shall form an integral part thereof and, unless otherwise 

expressly provided, a reference to the Convention constitutes at the same time a reference 

to any annexes thereto. Without prejudice to the provisions of Article 14, paragraphs 2 (b) 
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and 7, such annexes shall be restricted to lists, forms and any other material of a descriptive 

nature that is of a scientific, technical, procedural or administrative character. 

2. Annexes to the Convention shall be proposed and adopted in accordance with the 

procedure set forth in Article 15, paragraphs 2, 3 and 4. 

3. An annex that has been adopted in accordance with paragraph 2 above shall enter 

into force for all Parties to the Convention six months after the date of the communication 

by the Depositary to such Parties of the adoption of the annex, except for those Parties that 

have notified the Depositary, in writing, within that period of their non-acceptance of the 

annex. The annex shall enter into force for Parties which withdraw their notification of non-

acceptance on the ninetieth day after the date on which withdrawal of such notification has 

been received by the Depositary. 

4. The proposal, adoption and entry into force of amendments to annexes to the 

Convention shall be subject to the same procedure as that for the proposal, adoption and 

entry into force of annexes to the Convention in accordance with paragraphs 2 and 3 above.  

5. If the adoption of an annex or an amendment to an annex involves an amendment to 

the Convention, that annex or amendment to an annex shall not enter into force until such 

time as the amendment to the Convention enters into force. 

  Article 17 

Protocols 

1. The Conference of the Parties may, at any ordinary session, adopt protocols to the 

Convention. 

2. The text of any proposed protocol shall be communicated to the Parties by the 

secretariat at least six months before such a session. 

3. The requirements for the entry into force of any protocol shall be established by that 

instrument. 

4. Only Parties to the Convention may be Parties to a protocol. 

5. Decisions under any protocol shall be taken only by the Parties to the protocol 

concerned. 

  Article 18 

Right to vote 

1. Each Party to the Convention shall have one vote, except as provided for in 

paragraph 2 below. 

2. Regional economic integration organizations, in matters within their competence, 

shall exercise their right to vote with a number of votes equal to the number of their 

member States that are Parties to the Convention. Such an organization shall not exercise its 

right to vote if any of its member States exercises its right, and vice versa. 

  Article 19 

Depositary 

 The Secretary-General of the United Nations shall be the Depositary of the 

Convention and of protocols adopted in accordance with Article 17. 
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  Article 20 

Signature 

 This Convention shall be open for signature by States Members of the United 

Nations or of any of its specialized agencies or that are Parties to the Statute of the 

International Court of Justice and by regional economic integration organizations at Rio de 

Janeiro, during the United Nations Conference on Environment and Development, and 

thereafter at United Nations Headquarters in New York from 20 June 1992 to 19 June 1993. 

  Article 21 

Interim arrangements 

1. The secretariat functions referred to in Article 8 will be carried out on an interim 

basis by the secretariat established by the General Assembly of the United Nations in its 

resolution 45/212 of 21 December 1990, until the completion of the first session of the 

Conference of the Parties. 

2. The head of the interim secretariat referred to in paragraph 1 above will cooperate 

closely with the Intergovernmental Panel on Climate Change to ensure that the Panel can 

respond to the need for objective scientific and technical advice. Other relevant scientific 

bodies could also be consulted. 

3. The Global Environment Facility of the United Nations Development Programme, 

the United Nations Environment Programme and the International Bank for Reconstruction 

and Development shall be the international entity entrusted with the operation of the 

financial mechanism referred to in Article 11 on an interim basis. In this connection, the 

Global Environment Facility should be appropriately restructured and its membership made 

universal to enable it to fulfil the requirements of Article 11.  

  Article 22 

Ratification, acceptance, approval or accession 

1. The Convention shall be subject to ratification, acceptance, approval or accession by 

States and by regional economic integration organizations. It shall be open for accession 

from the day after the date on which the Convention is closed for signature. Instruments of 

ratification, acceptance, approval or accession shall be deposited with the Depositary. 

2. Any regional economic integration organization which becomes a Party to the 

Convention without any of its member States being a Party shall be bound by all the 

obligations under the Convention. In the case of such organizations, one or more of whose 

member States is a Party to the Convention, the organization and its member States shall 

decide on their respective responsibilities for the performance of their obligations under the 

Convention. In such cases, the organization and the member States shall not be entitled to 

exercise rights under the Convention concurrently. 

3.  In their instruments of ratification, acceptance, approval or accession, regional 

economic integration organizations shall declare the extent of their competence with respect 

to the matters governed by the Convention. These organizations shall also inform the 

Depositary, who shall in turn inform the Parties, of any substantial modification in the 

extent of their competence. 
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  Article 23 

Entry into force 

1. The Convention shall enter into force on the ninetieth day after the date of deposit of 

the fiftieth instrument of ratification, acceptance, approval or accession. 

2.  For each State or regional economic integration organization that ratifies, accepts or 

approves the Convention or accedes thereto after the deposit of the fiftieth instrument of 

ratification, acceptance, approval or accession, the Convention shall enter into force on the 

ninetieth day after the date of deposit by such State or regional economic integration 

organization of its instrument of ratification, acceptance, approval or accession. 

3.  For the purposes of paragraphs 1 and 2 above, any instrument deposited by a 

regional economic integration organization shall not be counted as additional to those 

deposited by States members of the organization. 

  Article 24 

Reservations 

 No reservations may be made to the Convention. 

  Article 25 

Withdrawal 

1. At any time after three years from the date on which the Convention has entered into 

force for a Party, that Party may withdraw from the Convention by giving written 

notification to the Depositary. 

2. Any such withdrawal shall take effect upon expiry of one year from the date of 

receipt by the Depositary of the notification of withdrawal, or on such later date as may be 

specified in the notification of withdrawal. 

3. Any Party that withdraws from the Convention shall be considered as also having 

withdrawn from any protocol to which it is a Party. 

  Article 26 

Authentic texts 

 The original of this Convention, of which the Arabic, Chinese, English, French, 

Russian and Spanish texts are equally authentic, shall be deposited with the Secretary-

General of the United Nations. 

 In witness whereof the undersigned, being duly authorized to that effect, have 

signed this Convention. 

 Done at New York this ninth day of May one thousand nine hundred and ninety-

two. 
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  Annex I 

Australia 

Austria 

Belarus
a
 

Belgium 

Bulgaria
a
 

Canada 

Croatia
a 
* 

Cyprus*** 

Czech Republic
a 
* 

Denmark 

European Economic Community 

Estonia
a
 

Finland 

France 

Germany 

Greece 

Hungary
a
 

Iceland 

Ireland 

Italy 

Japan 

Latvia
a
 

Liechtenstein* 

Lithuania
a
 

Luxembourg 

Malta** 

  

 a Countries that are undergoing the process of transition to a market economy. 

 * Publisher’s note: Countries added to Annex I by an amendment that entered into force on 13 August 

1998, pursuant to decision 4/CP.3 adopted at COP 3. 

 ** Publisher’s note: Country added to Annex I by an amendment that entered into force on 26 October 

2010, pursuant to decision 3/CP.15 adopted at COP 15. 

 *** Publisher’s note: Country added to Annex I by an amendment that entered into force on 9 January 

2013, pursuant to decision 10/CP.17 adopted at COP 17. 
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Monaco* 

Netherlands 

New Zealand 

Norway 

Poland
a
 

Portugal 

Romania
a
 

Russian Federation
a
 

Slovakia
a 
* 

Slovenia
a 
* 

Spain 

Sweden 

Switzerland 

Turkey 

Ukraine
a
 

United Kingdom of Great Britain and Northern Ireland 

United States of America 
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  Annex II 

Australia 

Austria 

Belgium 

Canada 

Denmark 

European Economic Community 

Finland 

France 

Germany 

Greece 

Iceland 

Ireland 

Italy 

Japan 

Luxembourg 

Netherlands 

New Zealand 

Norway 

Portugal 

Spain 

Sweden 

Switzerland 

United Kingdom of Great Britain and Northern Ireland 

United States of America 

Publisher’s note: Turkey was deleted from Annex II by an amendment that entered into 

force 28 June 2002, pursuant to decision 26/CP.7 adopted at COP7. 
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Introduction

This Special Report on the Ocean and Cryosphere1 in a Changing Climate (SROCC) was prepared following an IPCC Panel 
decision in 2016 to prepare three Special Reports during the Sixth Assessment Cycle2. By assessing new scientific literature3, 
the SROCC4 responds to government and observer organization proposals. The SROCC follows the other two Special Reports 
on Global Warming of 1.5ºC (SR1.5) and on Climate Change and Land (SRCCL)5 and the Intergovernmental Science Policy 
Platform on Biodiversity and Ecosystem Services (IPBES) Global Assessment Report on Biodiversity and Ecosystem Services.

This Summary for Policymakers (SPM) compiles key findings of the report and is structured in three parts: SPM.A: Observed 
Changes and Impacts, SPM.B: Projected Changes and Risks, and SPM.C: Implementing Responses to Ocean and Cryosphere 
Change. To assist navigation of the SPM, icons indicate where content can be found. Confidence in key findings is reported 
using IPCC calibrated language6 and the underlying scientific basis for each key finding is indicated by references to sections 
of the underlying report. 

Key of icons to indicate content

High mountain cryosphere

Polar regions

Coasts and sea level rise

Ocean

1 The cryosphere is defined in this report (Annex I: Glossary) as the components of the Earth System at and below the land and ocean surface that are 
frozen, including snow cover, glaciers, ice sheets, ice shelves, icebergs, sea ice, lake ice, river ice, permafrost, and seasonally frozen ground.

2 The decision to prepare a Special Report on Climate Change and Oceans and the Cryosphere was made at the Forty-Third Session of the IPCC in 
Nairobi, Kenya, 11–13 April 2016.

3 Cut-off dates: 15 October 2018 for manuscript submission, 15 May 2019 for acceptance for publication.
4 The SROCC is produced under the scientific leadership of Working Group I and Working Group II. In line with the approved outline, mitigation options 

(Working Group III) are not assessed with the exception of the mitigation potential of blue carbon (coastal ecosystems).
5 The full titles of these two Special Reports are: “Global Warming of 1.5ºC. An IPCC special report on the impacts of global warming of 1.5ºC above 

pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the threat of 
climate change, sustainable development, and efforts to eradicate poverty”; “Climate Change and Land: an IPCC special report on climate change, 
desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems”.

6 Each finding is grounded in an evaluation of underlying evidence and agreement. A level of confidence is expressed using five qualifiers: very low, low, 
medium, high and very high, and typeset in italics, e.g., medium confidence. The following terms have been used to indicate the assessed likelihood of 
an outcome or a result: virtually certain 99–100% probability, very likely 90–100%, likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, 
very unlikely 0–10%, exceptionally unlikely 0–1%. Assessed likelihood is typeset in italics, e.g., very likely. This is consistent with AR5 and the other 
AR6 Special Reports. Additional terms (extremely likely 95–100%, more likely than not >50–100%, more unlikely than likely 0–<50%, extremely 
unlikely 0–5%) are used when appropriate. This Report also uses the term ‘likely range’ or ‘very likely range’ to indicate that the assessed likelihood 
of an outcome lies within the 17–83% or 5–95% probability range. {1.9.2, Figure 1.4} 
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Startup Box |  The Importance of the Ocean and Cryosphere for People

7 High mountain areas include all mountain regions where glaciers, snow or permafrost are prominent features of the landscape. For a list of high 
mountain regions covered in this report, see Chapter 2. Population in high mountain regions is calculated for areas less than 100 kilometres from 
glaciers or permafrost in high mountain areas assessed in this report. {2.1} Projections for 2050 give the range of population in these regions across 
all five of the Shared Socioeconomic Pathways. {Cross-Chapter Box 1 in Chapter 1}

8 Population in the low elevation coastal zone is calculated for land areas connected to the coast, including small island states, that are less than 
10 metres above sea level. {Cross-Chapter Box 9} Projections for 2050 give the range of population in these regions across all five of the Shared 
Socioeconomic Pathways. {Cross-Chapter Box 1 in Chapter 1}

All people on Earth depend directly or indirectly on the ocean and cryosphere. The global ocean covers 71% of the 
Earth surface and contains about 97% of the Earth’s water. The cryosphere refers to frozen components of the Earth 
system1. Around 10% of Earth’s land area is covered by glaciers or ice sheets. The ocean and cryosphere support 
unique habitats, and are interconnected with other components of the climate system through global exchange of 
water, energy and carbon. The projected responses of the ocean and cryosphere to past and current human-induced 
greenhouse gas emissions and ongoing global warming include climate feedbacks, changes over decades to millennia 
that cannot be avoided, thresholds of abrupt change, and irreversibility. {Box 1.1, 1.2}

Human communities in close connection with coastal environments, small islands (including Small Island Developing 
States, SIDS), polar areas and high mountains7 are particularly exposed to ocean and cryosphere change, such as sea 
level rise, extreme sea level and shrinking cryosphere. Other communities further from the coast are also exposed to 
changes in the ocean, such as through extreme weather events. Today, around 4 million people live permanently in 
the Arctic region, of whom 10% are Indigenous. The low-lying coastal zone8 is currently home to around 680 million 
people (nearly 10% of the 2010 global population), projected to reach more than one billion by 2050. SIDS are home 
to 65 million people. Around 670 million people (nearly 10% of the 2010 global population), including Indigenous 
peoples, live in high mountain regions in all continents except Antarctica. In high mountain regions, population is 
projected to reach between 740 and 840  million by 2050 (about  8.4–8.7% of the projected global population). 
{1.1, 2.1, 3.1, Cross-Chapter Box 9, Figure 2.1} 

In addition to their role within the climate system, such as the uptake and redistribution of natural and anthropogenic 
carbon dioxide (CO2) and heat, as well as ecosystem support, services provided to people by the ocean and/or 
cryosphere include food and water supply, renewable energy, and benefits for health and well-being, cultural values, 
tourism, trade, and transport. The state of the ocean and cryosphere interacts with each aspect of sustainability 
reflected in the United Nations Sustainable Development Goals (SDGs). {1.1, 1.2, 1.5}
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A. Observed Changes and Impacts 

Observed Physical Changes

A.1 Over the last decades, global warming has led to widespread shrinking of the cryosphere, 
with mass loss from ice sheets and glaciers (very high confidence), reductions in snow cover 
(high confidence) and Arctic sea ice extent and thickness (very high confidence), and increased 
permafrost temperature (very high confidence). {2.2, 3.2, 3.3, 3.4, Figures SPM.1, SPM.2}

A.1.1  Ice sheets and glaciers worldwide have lost mass (very high confidence). Between 2006 and 
2015, the Greenland Ice Sheet9 lost ice mass at an average rate of 278 ± 11 Gt yr–1 (equivalent to 0.77 ± 0.03 mm yr–1 of 
global sea level rise)10, mostly due to surface melting (high confidence). In 2006–2015, the Antarctic Ice Sheet lost 
mass at an average rate of 155 ± 19 Gt yr–1 (0.43 ± 0.05 mm yr–1), mostly due to rapid thinning and retreat of major 
outlet glaciers draining the West Antarctic Ice Sheet (very high confidence). Glaciers worldwide outside Greenland 
and Antarctica lost mass at an average rate of 220 ± 30 Gt yr–1 (equivalent to 0.61 ± 0.08 mm yr–1 sea level rise) in 
2006–2015. {3.3.1, 4.2.3, Appendix 2.A, Figure SPM.1}

A.1.2   Arctic June snow cover extent on land declined by 13.4 ±  5.4% per decade from 1967 
to 2018, a  total loss of approximately  2.5  million km2, predominantly due to surface air temperature increase 
(high confidence). In nearly all high mountain areas, the depth, extent and duration of snow cover have declined over 
recent decades, especially at lower elevation (high confidence). {2.2.2, 3.4.1, Figure SPM.1}

A.1.3   Permafrost temperatures have increased to record high levels (1980s–present) 
(very high confidence) including the recent increase by 0.29ºC ± 0.12ºC from 2007 to 2016 averaged across polar 
and high mountain regions globally. Arctic and boreal permafrost contain 1460–1600 Gt organic carbon, almost twice 
the carbon in the atmosphere (medium confidence). There is medium evidence with low agreement whether northern 
permafrost regions are currently releasing additional net methane and CO2 due to thaw. Permafrost thaw and glacier 
retreat have decreased the stability of high mountain slopes (high confidence). {2.2.4, 2.3.2, 3.4.1, 3.4.3, Figure SPM.1} 

A.1.4   Between 1979 and 2018, Arctic sea ice extent has very likely decreased for all months of the 
year. September sea ice reductions are very likely 12.8 ± 2.3% per decade. These sea ice changes in September are 
likely unprecedented for at least 1000 years. Arctic sea ice has thinned, concurrent with a transition to younger ice: 
between 1979 and 2018, the areal proportion of multi-year ice at least five years old has declined by approximately 
90% (very high confidence). Feedbacks from the loss of summer sea ice and spring snow cover on land have 
contributed to amplified warming in the Arctic (high confidence) where surface air temperature likely increased 
by more than double the global average over the last two decades. Changes in Arctic sea ice have the potential to 
influence mid-latitude weather (medium confidence), but there is low confidence in the detection of this influence 
for specific weather types. Antarctic sea ice extent overall has had no statistically significant trend (1979–2018) due 
to contrasting regional signals and large interannual variability (high confidence). {3.2.1, 6.3.1, Box 3.1, Box 3.2, 
SPM A.1.2, Figures SPM.1, SPM.2}

9 Including peripheral glaciers.
10 360 Gt ice corresponds to 1 mm of global mean sea level.
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high acidity
low acidity

Historical changes (observed and modelled) and projections under RCP2.6 and RCP8.5 for key indicators
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Figure SPM.1 |  Observed and modelled historical changes in the ocean and cryosphere since 195011, and projected future changes under low 
(RCP2.6) and high (RCP8.5) greenhouse gas emissions scenarios. {Box SPM.1} 

11 This does not imply that the changes started in 1950. Changes in some variables have occurred since the pre-industrial period. 
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Figure SPM.1 (continued): Changes are shown for: (a) Global mean surface air temperature change with likely range. {Box SPM.1, Cross-Chapter 
Box 1  in Chapter 1} Ocean-related changes with very likely ranges for (b) Global mean sea surface temperature change {Box 5.1, 5.2.2}; (c) 
Change factor in surface ocean marine heatwave days {6.4.1}; (d) Global ocean heat content change (0–2000 m depth). An approximate steric sea 
level equivalent is shown with the right axis by multiplying the ocean heat content by the global-mean thermal expansion coefficient (ε ≈ 0.125 m per 
1024 Joules)12 for observed warming since 1970 {Figure 5.1}; (h) Global mean surface pH (on the total scale). Assessed observational trends are 
compiled from open ocean time series sites longer than 15 years {Box 5.1, Figure 5.6, 5.2.2}; and (i) Global mean ocean oxygen change (100–600 
m depth). Assessed observational trends span 1970–2010 centered on 1996 {Figure 5.8, 5.2.2}. Sea level changes with likely ranges for (m) Global 
mean sea level change. Hashed shading reflects low confidence in sea level projections beyond 2100 and bars at 2300 reflect expert elicitation on the 
range of possible sea level change {4.2.3, Figure 4.2}; and components from (e,f) Greenland and Antarctic ice sheet mass loss {3.3.1}; and (g) Glacier 
mass loss {Cross-Chapter Box 6 in Chapter 2, Table 4.1}. Further cryosphere-related changes with very likely ranges for (j) Arctic sea ice extent 
change for September13 {3.2.1, 3.2.2 Figure 3.3}; (k) Arctic snow cover change for June (land areas north of 60ºN) {3.4.1, 3.4.2, Figure 3.10}; and 
(l) Change in near-surface (within 3–4 m) permafrost area in the Northern Hemisphere {3.4.1, 3.4.2, Figure 3.10}. Assessments of projected changes 
under the intermediate RCP4.5 and RCP6.0 scenarios are not available for all variables considered here, but where available can be found in the 
underlying report. {For RCP4.5 see: 2.2.2, Cross-Chapter Box 6 in Chapter 2, 3.2.2, 3.4.2, 4.2.3, for RCP6.0 see Cross-Chapter Box 1 in Chapter 1}

Box SPM.1 |  Use of Climate Change Scenarios in SROCC 

12 This scaling factor (global-mean ocean expansion as sea level rise in metres per unit heat) varies by about 10% between different models, and it will 
systematically increase by about 10% by 2100 under RCP8.5 forcing due to ocean warming increasing the average thermal expansion coefficient. 
{4.2.1, 4.2.2, 5.2.2}

13 Antarctic sea ice is not shown here due to low confidence in future projections. {3.2.2}
14 CMIP5 is Phase 5 of the Coupled Model Intercomparison Project (Annex I: Glossary). 
15 A pathway with lower emissions (RCP1.9), which would correspond to a lower level of projected warming than RCP2.6, was not part of CMIP5.
16 In some instances this report assesses changes relative to 2006–2015. The warming from the 1850–1900 period until 2006–2015 has been assessed 

as 0.87ºC (0.75 to 0.99ºC likely range). {Cross-Chapter Box 1 in Chapter 1}

Assessments of projected future changes in this report are based largely on CMIP514 climate model projections using 
Representative Concentration Pathways (RCPs). RCPs are scenarios that include time series of  emissions 
and concentrations of the full suite of greenhouse gases (GHGs) and aerosols and chemically active gases, as well as 
land use / land cover. RCPs provide only one set of many possible scenarios that would lead to different levels of 
global warming. {Annex I: Glossary}

This report uses mainly RCP2.6 and RCP8.5 in its assessment, reflecting the available literature. RCP2.6 represents 
a low greenhouse gas emissions, high mitigation future, that in CMIP5 simulations gives a two in three chance of 
limiting global warming to below 2ºC by 210015. By contrast, RCP8.5 is a high greenhouse gas emissions scenario 
in the absence of policies to combat climate change, leading to continued and sustained growth in atmospheric 
greenhouse gas concentrations. Compared to the total set of RCPs, RCP8.5 corresponds to the pathway with the 
highest greenhouse gas emissions. The underlying chapters also reference other scenarios, including RCP4.5 and 
RCP6.0 that have intermediate levels of greenhouse gas emissions and result in intermediate levels of warming. 
{Annex I: Glossary, Cross-Chapter Box 1 in Chapter 1}

Table SPM.1 provides estimates of total warming since the pre-industrial period under four different RCPs for key 
assessment intervals used in SROCC. The warming from the 1850–1900 period until 1986–2005 has been assessed 
as 0.63ºC (0.57ºC to 0.69ºC likely range) using observations of near-surface air temperature over the ocean and over 
land.16 Consistent with the approach in AR5, modelled future changes in global mean surface air temperature relative 
to 1986–2005 are added to this observed warming. {Cross-Chapter Box 1 in Chapter 1}

Table SPM.1 |  Projected global mean surface temperature change relative to 1850–1900 for two time periods under four RCPs15 {Cross-Chapter 
Box 1 in Chapter 1}

Near-term: 2031–2050 End-of-century: 2081–2100

Scenario Mean (ºC) Likely range (ºC) Mean (ºC) Likely range (ºC)

RCP2.6 1.6 1.1 to 2.0 1.6 0.9 to 2.4

RCP4.5 1.7 1.3 to 2.2 2.5 1.7 to 3.3

RCP6.0 1.6 1.2 to 2.0 2.9 2.0 to 3.8

RCP8.5 2.0 1.5 to 2.4 4.3 3.2 to 5.4
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A.2  It is virtually certain that the global ocean has warmed unabated since 1970 and has taken up 
more than 90% of the excess heat in the climate system (high confidence). Since 1993, the rate 
of ocean warming has more than doubled (likely). Marine heatwaves have very likely doubled 
in frequency since 1982 and are increasing in intensity (very high confidence). By absorbing 
more CO2, the ocean has undergone increasing surface acidification (virtually certain). A loss 
of oxygen has occurred from the surface to 1000 m (medium confidence). {1.4, 3.2, 5.2, 6.4, 6.7, 
Figures SPM.1, SPM.2}

A.2.1.   The ocean warming trend documented in the IPCC Fifth Assessment Report (AR5) has 
continued. Since 1993 the rate of ocean warming and thus heat uptake has more than doubled (likely) from 3.22 
± 1.61 ZJ yr–1 (0–700 m depth) and 0.97 ± 0.64 ZJ yr–1 (700–2000 m) between 1969 and 1993, to 6.28 ± 0.48 ZJ 
yr–1 (0–700 m) and 3.86 ± 2.09 ZJ yr–1 (700–2000 m) between 1993 and 2017 17, and is attributed to anthropogenic 
forcing (very likely). {1.4.1, 5.2.2, Table 5.1, Figure SPM.1}

A.2.2   The Southern Ocean accounted for 35–43% of the total heat gain in the upper 2000 
m global ocean between 1970 and 2017 (high confidence). Its share increased to 45–62% between 2005 and 2017 
(high confidence). The deep ocean below 2000 m has warmed since 1992 (likely), especially in the Southern Ocean. 
{1.4, 3.2.1, 5.2.2, Table 5.1, Figure SPM.2}

A.2.3   Globally, marine heat-related events have increased; marine heatwaves18, defined when 
the daily sea surface temperature exceeds the local 99th percentile over the period 1982 to 2016, have doubled 
in frequency and have become longer-lasting, more intense and more extensive (very likely). It is very likely that 
between 84–90% of marine heatwaves that occurred between 2006 and 2015 are attributable to the anthropogenic 
temperature increase. {Table 6.2, 6.4, Figures SPM.1, SPM.2}

A.2.4   Density stratification19 has increased in the upper 200 m of the ocean since 1970 (very likely). 
Observed surface ocean warming and high latitude addition of freshwater are making the surface ocean less dense 
relative to deeper parts of the ocean (high confidence) and inhibiting mixing between surface and deeper waters 
(high confidence). The mean stratification of the upper 200 m has increased by 2.3 ± 0.1% (very likely range) from 
the 1971–1990 average to the 1998–2017 average. {5.2.2}

A.2.5   The ocean has taken up between 20–30% (very likely) of total anthropogenic CO2 emissions 
since the 1980s causing further ocean acidification. Open ocean surface pH has declined by a  very likely range 
of 0.017–0.027 pH units per decade since the late 1980s20, with the decline in surface ocean pH very likely to have 
already emerged from background natural variability for more than 95% of the ocean surface area. {3.2.1, 5.2.2, 
Box 5.1, Figures SPM.1, SPM.2}

17 ZJ is Zettajoule and is equal to 1021 Joules. Warming the entire ocean by 1ºC requires about 5500 ZJ; 144 ZJ would warm the top 100 m by about 1ºC.
18 A marine heatwave is a period of extreme warm near-sea surface temperature that persists for days to months and can extend up to thousands of 

kilometres (Annex I: Glossary).
19 In this report density stratification is defined as the density contrast between shallower and deeper layers. Increased stratification reduces the vertical 

exchange of heat, salinity, oxygen, carbon, and nutrients.
20 Based on in-situ records longer than fifteen years.
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A.2.6   Datasets spanning 1970–2010 show that the open ocean has lost oxygen by a very likely 
range of 0.5–3.3% over the upper 1000 m, alongside a likely expansion of the volume of oxygen minimum zones 
by 3–8% (medium confidence). Oxygen loss is primarily due to increasing ocean stratification, changing ventilation 
and biogeochemistry (high confidence). {5.2.2, Figures SPM.1, SPM.2}

A.2.7   Observations, both in situ (2004–2017) and based on sea surface temperature reconstructions, 
indicate that the Atlantic Meridional Overturning Circulation (AMOC)21 has weakened relative to 1850–1900 
(medium confidence). There is insufficient data to quantify the magnitude of the weakening, or to properly attribute 
it to anthropogenic forcing due to the limited length of the observational record. Although attribution is currently not 
possible, CMIP5 model simulations of the period 1850–2015, on average, exhibit a weakening AMOC when driven by 
anthropogenic forcing. {6.7}

A.3  Global mean sea level (GMSL) is rising, with acceleration in recent decades due to increasing 
rates of ice loss from the Greenland and Antarctic ice sheets (very high confidence), as well as 
continued glacier mass loss and ocean thermal expansion. Increases in tropical cyclone winds 
and rainfall, and increases in extreme waves, combined with relative sea level rise, exacerbate 
extreme sea level events and coastal hazards (high confidence). {3.3, 4.2, 6.2, 6.3, 6.8, Figures 
SPM.1, SPM.2, SPM.4, SPM.5}

A.3.1   Total GMSL rise for 1902–2015 is 0.16 m (likely range 0.12–0.21 m). The rate of GMSL rise for 
2006–2015 of 3.6 mm yr–1 (3.1–4.1 mm yr–1, very likely range), is unprecedented over the last century (high confidence), 
and about 2.5 times the rate for 1901–1990 of 1.4 mm yr–1 (0.8– 2.0 mm yr–1, very likely range). The sum of ice 
sheet and glacier contributions over the period 2006–2015 is the dominant source of sea level rise (1.8 mm yr–1, very 
likely range 1.7–1.9 mm yr–1), exceeding the effect of thermal expansion of ocean water (1.4 mm yr–1, very likely 
range  1.1–1.7 mm yr–1) 22 (very high confidence). The dominant cause of global mean sea level rise since 1970 is 
anthropogenic forcing (high confidence). {4.2.1, 4.2.2, Figure SPM.1}

A.3.2   Sea level rise has accelerated (extremely likely) due to the combined increased ice loss from 
the Greenland and Antarctic ice sheets (very high confidence). Mass loss from the Antarctic ice sheet over the period 
2007–2016 tripled relative to 1997–2006. For Greenland, mass loss doubled over the same period (likely, medium 
confidence). {3.3.1, Figures SPM.1, SPM.2, SPM A.1.1}

A.3.3   Acceleration of ice flow and retreat in Antarctica, which has the potential to lead to sea 
level rise of several metres within a few centuries, is observed in the Amundsen Sea Embayment of West Antarctica 
and in Wilkes Land, East Antarctica (very high confidence). These changes may be the onset of an irreversible23 ice 
sheet instability. Uncertainty related to the onset of ice sheet instability arises from limited observations, inadequate 
model representation of ice sheet processes, and limited understanding of the complex interactions between the 
atmosphere, ocean and the ice sheet. {3.3.1, Cross-Chapter Box 8 in Chapter 3, 4.2.3}

A.3.4   Sea level rise is not globally uniform and varies regionally. Regional differences, within ±30% 
of the global mean sea level rise, result from land ice loss and variations in ocean warming and circulation. Differences 
from the global mean can be greater in areas of rapid vertical land movement including from local human activities 
(e.g. extraction of groundwater). (high confidence) {4.2.2, 5.2.2, 6.2.2, 6.3.1, 6.8.2, Figure SPM.2}

21 The Atlantic Meridional Overturning Circulation (AMOC) is the main current system in the South and North Atlantic Oceans (Annex I: Glossary).
22 The total rate of sea level rise is greater than the sum of cryosphere and ocean contributions due to uncertainties in the estimate of landwater storage change.
23 The recovery time scale is hundreds to thousands of years (Annex I: Glossary).
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A.3.5   Extreme wave heights, which contribute to extreme sea level events, coastal erosion and 
flooding, have increased in the Southern and North Atlantic Oceans by around 1.0 cm yr–1 and 0.8 cm yr–1 over the 
period 1985–2018 (medium confidence). Sea ice loss in the Arctic has also increased wave heights over the period 
1992–2014 (medium confidence). {4.2.2, 6.2, 6.3, 6.8, Box 6.1}

A.3.6   Anthropogenic climate change has increased observed precipitation (medium confidence), 
winds (low confidence), and extreme sea level events (high confidence) associated with some tropical cyclones, which 
has increased intensity of multiple extreme events and associated cascading impacts (high confidence). Anthropogenic 
climate change may have contributed to a poleward migration of maximum tropical cyclone intensity in the western 
North Pacific in recent decades related to anthropogenically-forced tropical expansion (low confidence). There is 
emerging evidence for an increase in annual global proportion of Category 4 or 5 tropical cyclones in recent decades 
(low confidence). {6.2, Table 6.2, 6.3, 6.8, Box 6.1}

Observed Impacts on Ecosystems

A.4  Cryospheric and associated hydrological changes have impacted terrestrial and freshwater 
species and ecosystems in high mountain and polar regions through the appearance of land 
previously covered by ice, changes in snow cover, and thawing permafrost. These changes have 
contributed to changing the seasonal activities, abundance and distribution of ecologically, 
culturally, and economically important plant and animal species, ecological disturbances, and 
ecosystem functioning. (high confidence) {2.3.2, 2.3.3, 3.4.1, 3.4.3, Box 3.4, Figure SPM.2}

A.4.1   Over the last century some species of plants and animals have increased in abundance, shifted 
their range, and established in new areas as glaciers receded and the snow-free season lengthened (high confidence). 
Together with warming, these changes have increased locally the number of species in high mountains, as 
lower-elevation species migrate upslope (very high confidence). Some cold-adapted or snow-dependent species 
have declined in abundance, increasing their risk of extinction, notably on mountain summits (high confidence). In 
polar and mountain regions, many species have altered seasonal activities especially in late winter and spring (high 
confidence). {2.3.3, Box 3.4} 

A.4.2   Increased wildfire and abrupt permafrost thaw, as well as changes in Arctic and mountain 
hydrology have altered frequency and intensity of ecosystem disturbances (high confidence). This has included positive 
and negative impacts on vegetation and wildlife such as reindeer and salmon (high confidence). {2.3.3, 3.4.1, 3.4.3}

A.4.3   Across tundra, satellite observations show an overall greening, often indicative of increased 
plant productivity (high confidence). Some browning areas in tundra and boreal forest are indicative that productivity 
has decreased (high confidence). These changes have negatively affected provisioning, regulating and cultural 
ecosystem services, with also some transient positive impacts for provisioning services, in both high mountains 
(medium confidence) and polar regions (high confidence). {2.3.1, 2.3.3, 3.4.1, 3.4.3, Annex I: Glossary}
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A.5  Since about 1950 many marine species across various groups have undergone shifts in 
geographical range and seasonal activities in response to ocean warming, sea ice change and 
biogeochemical changes, such as oxygen loss, to their habitats (high confidence). This has 
resulted in shifts in species composition, abundance and biomass production of ecosystems, 
from the equator to the poles. Altered interactions between species have caused cascading 
impacts on ecosystem structure and functioning (medium confidence). In some marine 
ecosystems species are impacted by both the effects of fishing and climate changes (medium 
confidence). {3.2.3, 3.2.4, Box 3.4, 5.2.3, 5.3, 5.4.1, Figure SPM.2}

A.5.1   Rates of poleward shifts in distributions across different marine species since the 1950s 
are 52  ±  33 km per decade and 29 ±  16 km per decade (very likely ranges) for organisms in the epipelagic 
(upper 200 m from sea surface) and seafloor ecosystems, respectively. The rate and direction of observed shifts in 
distributions are shaped by local temperature, oxygen, and ocean currents across depth, latitudinal and longitudinal 
gradients (high  confidence). Warming-induced species range expansions have led to altered ecosystem structure 
and functioning such as in the North Atlantic, Northeast Pacific and Arctic (medium confidence). {5.2.3, 5.3.2, 5.3.6, 
Box 3.4, Figure SPM.2}

A.5.2   In recent decades, Arctic net primary production has increased in ice-free waters 
(high confidence) and spring phytoplankton blooms are occurring earlier in the year in response to sea ice change 
and nutrient availability with spatially variable positive and negative consequences for marine ecosystems (medium 
confidence). In the Antarctic, such changes are spatially heterogeneous and have been associated with rapid local 
environmental change, including retreating glaciers and sea ice change (medium confidence). Changes in the 
seasonal activities, production and distribution of some Arctic zooplankton and a southward shift in the distribution 
of the Antarctic krill population in the South Atlantic are associated with climate-linked environmental changes 
(medium confidence). In polar regions, ice associated marine mammals and seabirds have experienced habitat 
contraction linked to sea ice changes (high confidence) and impacts on foraging success due to climate impacts on 
prey distributions (medium confidence). Cascading effects of multiple climate-related drivers on polar zooplankton 
have affected food web structure and function, biodiversity as well as fisheries (high confidence). {3.2.3,  3.2.4, 
Box 3.4, 5.2.3, Figure SPM.2}

A.5.3   Eastern Boundary Upwelling Systems (EBUS) are amongst the most productive ocean 
ecosystems. Increasing ocean acidification and oxygen loss are negatively impacting two of the four major upwelling 
systems: the California Current and Humboldt Current (high confidence). Ocean acidification and decrease in oxygen 
level in the California Current upwelling system have altered ecosystem structure, with direct negative impacts on 
biomass production and species composition (medium confidence). {Box 5.3, Figure SPM.2}

A.5.4   Ocean warming in the 20th century and beyond has contributed to an overall decrease in 
maximum catch potential (medium confidence), compounding the impacts from overfishing for some fish stocks 
(high confidence). In many regions, declines in the abundance of fish and shellfish stocks due to direct and indirect 
effects of global warming and biogeochemical changes have already contributed to reduced fisheries catches 
(high confidence). In some areas, changing ocean conditions have contributed to the expansion of suitable habitat and/
or increases in the abundance of some species (high confidence). These changes have been accompanied by changes 
in species composition of fisheries catches since the 1970s in many ecosystems (medium confidence). {3.2.3, 5.4.1, 
Figure SPM.2}
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A.6  Coastal ecosystems are affected by ocean warming, including intensified marine heatwaves, 
acidification, loss of oxygen, salinity intrusion and sea level rise, in combination with adverse 
effects from human activities on ocean and land (high confidence). Impacts are already 
observed on habitat area and biodiversity, as well as ecosystem functioning and services 
(high confidence). {4.3.2, 4.3.3, 5.3, 5.4.1, 6.4.2, Figure SPM.2}

A.6.1   Vegetated coastal ecosystems protect the coastline from storms and erosion and help 
buffer the impacts of sea level rise. Nearly 50% of coastal wetlands have been lost over the last 100 years, as 
a result of the combined effects of localised human pressures, sea level rise, warming and extreme climate events 
(high  confidence). Vegetated coastal ecosystems are important carbon stores; their loss is responsible for the 
current release of 0.04–1.46 GtC yr–1 (medium confidence). In response to warming, distribution ranges of seagrass 
meadows and kelp forests are expanding at high latitudes and contracting at low latitudes since the late 1970s 
(high confidence), and in some areas episodic losses occur following heatwaves (medium confidence). Large-scale 
mangrove mortality that is related to warming since the 1960s has been partially offset by their encroachment into 
subtropical saltmarshes as a result of increase in temperature, causing the loss of open areas with herbaceous plants 
that provide food and habitat for dependent fauna (high confidence). {4.3.3, 5.3.2, 5.3.6, 5.4.1, 5.5.1, Figure SPM.2}

A.6.2   Increased sea water intrusion in estuaries due to sea level rise has driven upstream 
redistribution of marine species (medium confidence) and caused a  reduction of suitable habitats for estuarine 
communities (medium confidence). Increased nutrient and organic matter loads in estuaries since the 1970s from 
intensive human development and riverine loads have exacerbated the stimulating effects of ocean warming on 
bacterial respiration, leading to expansion of low oxygen areas (high confidence). {5.3.1}

A.6.3  The impacts of sea level rise on coastal ecosystems include habitat contraction, geographical 
shift of associated species, and loss of biodiversity and ecosystem functionality. Impacts are exacerbated by 
direct human disturbances, and where anthropogenic barriers prevent landward shift of marshes and mangroves 
(termed coastal squeeze) (high confidence). Depending on local geomorphology and sediment supply, marshes and 
mangroves can grow vertically at rates equal to or greater than current mean sea level rise (high confidence). 
{4.3.2, 4.3.3, 5.3.2, 5.3.7, 5.4.1}

A.6.4   Warm-water coral reefs and rocky shores dominated by immobile, calcifying (e.g., shell and 
skeleton producing) organisms such as corals, barnacles and mussels, are currently impacted by extreme temperatures 
and ocean acidification (high confidence). Marine heatwaves have already resulted in large-scale coral bleaching 
events at increasing frequency (very high confidence) causing worldwide reef degradation since 1997, and recovery 
is slow (more than 15 years) if it occurs (high confidence). Prolonged periods of high environmental temperature and 
dehydration of the organisms pose high risk to rocky shore ecosystems (high confidence). {SR.1.5; 5.3.4, 5.3.5, 6.4.2, 
Figure SPM.2}
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24 Marginal seas are not assessed individually as ocean regions in this report.

Figure SPM.2 |  Synthesis of observed regional hazards and impacts in ocean24 (top) and high mountain and polar land regions (bottom) assessed 
in SROCC. For each region, physical changes, impacts on key ecosystems, and impacts on human systems and ecosystem function and services are 
shown. For physical changes, yellow/green refers to an increase/decrease, respectively, in amount or frequency of the measured variable. For impacts 
on ecosystems, human systems and ecosystems services blue or red depicts whether an observed impact is positive (beneficial) or negative (adverse), 
respectively, to the given system or service. Cells assigned ‘increase and decrease’ indicate that within that region, both increase and decrease of 
physical changes are found, but are not necessarily equal; the same holds for cells showing ‘positive and negative’ attributable impacts. For ocean 
regions, the confidence level refers to the confidence in attributing observed changes to changes in greenhouse gas forcing for physical changes and to 
climate change for ecosystem, human systems, and ecosystem services. For high mountain and polar land regions, the level of confidence in attributing 
physical changes and impacts at least partly to a change in the cryosphere is shown. No assessment means: not applicable, not assessed at regional 
scale, or the evidence is insufficient for assessment. The physical changes in the ocean are defined as: Temperature change in 0–700 m layer of the 
ocean except for Southern Ocean (0–2000 m) and Arctic Ocean (upper mixed layer and major inflowing branches); Oxygen in the 0–1200 m layer 
or oxygen minimum layer; Ocean pH as surface pH (decreasing pH corresponds to increasing ocean acidification). Ecosystems in the ocean: Coral 
refers to warm-water coral reefs and cold-water corals. The ‘upper water column’ category refers to epipelagic zone for all ocean regions except Polar 
Regions, where the impacts on some pelagic organisms in open water deeper than the upper 200 m were included. Coastal wetland includes salt 
marshes, mangroves and seagrasses. Kelp forests are habitats of a specific group of macroalgae. Rocky shores are coastal habitats dominated by 
immobile calcified organisms such as mussels and barnacles. Deep sea is seafloor ecosystems that are 3000–6000 m deep. Sea-ice associated includes 
ecosystems in, on and below sea ice. Habitat services refer to supporting structures and services (e.g., habitat, biodiversity, primary production). 
Coastal Carbon Sequestration refers to the uptake and storage of carbon by coastal blue carbon ecosystems. Ecosystems on Land: Tundra refers to 
tundra and alpine meadows, and includes terrestrial Antarctic ecosystems. 

293  



15

SPM

Summary for Policymakers

Figure SPM.2 (continued): Migration refers to an increase or decrease in net migration, not to beneficial/adverse value. Impacts on tourism refer 
to the operating conditions for the tourism sector. Cultural services include cultural identity, sense of home, and spiritual, intrinsic and aesthetic 
values, as well as contributions from glacier archaeology. The underlying information is given for land regions in tables SM2.6, SM2.7, SM2.8, SM3.8, 
SM3.9, and SM3.10, and for ocean regions in tables SM5.10, SM5.11, SM3.8, SM3.9, and SM3.10. {2.3.1, 2.3.2, 2.3.3, 2.3.4, 2.3.5, 2.3.6, 2.3.7, 
Figure 2.1, 3.2.1, 3.2.3, 3.2.4, 3.3.3, 3.4.1, 3.4.3, 3.5.2, Box 3.4, 4.2.2, 5.2.2, 5.2.3, 5.3.3, 5.4, 5.6, Figure 5.24, Box 5.3}

Observed Impacts on People and Ecosystem Services

A.7  Since the mid-20th century, the shrinking cryosphere in the Arctic and high mountain areas 
has led to predominantly negative impacts on food security, water resources, water quality, 
livelihoods, health and well-being, infrastructure, transportation, tourism and recreation, as 
well as culture of human societies, particularly for Indigenous peoples (high confidence). Costs 
and benefits have been unequally distributed across populations and regions. Adaptation 
efforts have benefited from the inclusion of Indigenous knowledge and local knowledge 
(high confidence). {1.1, 1.5, 1.6.2, 2.3, 2.4, 3.4, 3.5, Figure SPM.2}

A.7.1   Food and water security have been negatively impacted by changes in snow cover, lake and 
river ice, and permafrost in many Arctic regions (high confidence). These changes have disrupted access to, and food 
availability within, herding, hunting, fishing, and gathering areas, harming the livelihoods and cultural identity of 
Arctic residents including Indigenous populations (high confidence). Glacier retreat and snow cover changes have 
contributed to localized declines in agricultural yields in some high mountain regions, including Hindu Kush Himalaya 
and the tropical Andes (medium confidence). {2.3.1, 2.3.7, Box 2.4, 3.4.1, 3.4.2, 3.4.3, 3.5.2, Figure SPM.2}

A.7.2   In the Arctic, negative impacts of cryosphere change on human health have included 
increased risk of food- and waterborne diseases, malnutrition, injury, and mental health challenges especially among 
Indigenous peoples (high confidence). In some high mountain areas, water quality has been affected by contaminants, 
particularly mercury, released from melting glaciers and thawing permafrost (medium confidence). Health-related 
adaptation efforts in the Arctic range from local to international in scale, and successes have been underpinned by 
Indigenous knowledge (high confidence). {1.8, Cross-Chapter Box 4 in Chapter 1, 2.3.1, 3.4.3}

A.7.3   Arctic residents, especially Indigenous peoples, have adjusted the timing of activities to respond 
to changes in seasonality and safety of land, ice, and snow travel conditions. Municipalities and industry are beginning 
to address infrastructure failures associated with flooding and thawing permafrost and some coastal communities 
have planned for relocation (high confidence). Limited funding, skills, capacity, and institutional support to engage 
meaningfully in planning processes have challenged adaptation (high confidence). {3.5.2, 3.5.4, Cross-Chapter Box 9}

A.7.4   Summertime Arctic ship-based transportation (including tourism) increased over the past two 
decades concurrent with sea ice reductions (high confidence). This has implications for global trade and economies 
linked to traditional shipping corridors, and poses risks to Arctic marine ecosystems and coastal communities 
(high confidence), such as from invasive species and local pollution. {3.2.1, 3.2.4, 3.5.4, 5.4.2, Figure SPM.2}

A.7.5   In past decades, exposure of people and infrastructure to natural hazards has increased due 
to growing population, tourism and socioeconomic development (high confidence). Some disasters have been linked 
to changes in the cryosphere, for example in the Andes, high mountain Asia, Caucasus and European Alps (medium 
confidence). {2.3.2, Figure SPM.2}

A.7.6   Changes in snow and glaciers have changed the amount and seasonality of runoff and 
water resources in snow dominated and glacier-fed river basins (very high confidence). Hydropower facilities have 
experienced changes in seasonality and both increases and decreases in water input from high mountain areas, for 
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example, in central Europe, Iceland, Western USA/Canada, and tropical Andes (medium confidence). However, there 
is only limited evidence of resulting impacts on operations and energy production. {SPM B.1.4, 2.3.1}

A.7.7   High mountain aesthetic and cultural aspects have been negatively impacted by glacier 
and snow cover decline (e.g.  in the Himalaya, East Africa, the tropical Andes) (medium confidence). Tourism and 
recreation, including ski and glacier tourism, hiking, and mountaineering, have also been negatively impacted in 
many mountain regions (medium confidence). In some places, artificial snowmaking has reduced negative impacts 
on ski tourism (medium confidence). {2.3.5, 2.3.6, Figure SPM.2}

A.8  Changes in the ocean have impacted marine ecosystems and ecosystem services with regionally 
diverse outcomes, challenging their governance (high confidence). Both positive and negative 
impacts result for food security through fisheries (medium confidence), local cultures and 
livelihoods (medium confidence), and tourism and recreation (medium confidence). The 
impacts on ecosystem services have negative consequences for health and well-being (medium 
confidence), and for Indigenous peoples and local communities dependent on fisheries 
(high confidence). {1.1, 1.5, 3.2.1, 5.4.1, 5.4.2, Figure SPM.2}

A.8.1   Warming-induced changes in the spatial distribution and abundance of some fish and 
shellfish stocks have had positive and negative impacts on catches, economic benefits, livelihoods, and local 
culture (high confidence). There are negative consequences for Indigenous peoples and local communities that are 
dependent on fisheries (high confidence). Shifts in species distributions and abundance has challenged international 
and national ocean and fisheries governance, including in the Arctic, North Atlantic and Pacific, in terms of 
regulating fishing to secure ecosystem integrity and sharing of resources between fishing entities (high confidence). 
{3.2.4, 3.5.3, 5.4.2, 5.5.2, Figure SPM.2}

A.8.2   Harmful algal blooms display range expansion and increased frequency in coastal areas 
since the 1980s in response to both climatic and non-climatic drivers such as increased riverine nutrients run-off 
(high confidence). The observed trends in harmful algal blooms are attributed partly to the effects of ocean warming, 
marine heatwaves, oxygen loss, eutrophication and pollution (high confidence). Harmful algal blooms have had 
negative impacts on food security, tourism, local economy, and human health (high confidence). The human 
communities who are more vulnerable to these biological hazards are those in areas without sustained monitoring 
programs and dedicated early warning systems for harmful algal blooms (medium confidence). {Box 5.4, 5.4.2, 6.4.2}

A.9  Coastal communities are exposed to multiple climate-related hazards, including tropical 
cyclones, extreme sea levels and flooding, marine heatwaves, sea ice loss, and permafrost 
thaw (high confidence). A diversity of responses has been implemented worldwide, mostly 
after extreme events, but also some in anticipation of future sea level rise, e.g., in the case of 
large infrastructure. {3.2.4, 3.4.3, 4.3.2, 4.3.3, 4.3.4, 4.4.2, 5.4.2, 6.2, 6.4.2, 6.8, Box 6.1, Cross 
Chapter Box 9, Figure SPM.5}

A.9.1   Attribution of current coastal impacts on people to sea level rise remains difficult in 
most locations since impacts were exacerbated by human-induced non-climatic drivers, such as land subsidence 
(e.g., groundwater extraction), pollution, habitat degradation, reef and sand mining (high confidence). {4.3.2, 4.3.3}

A.9.2   Coastal protection through hard measures, such as dikes, seawalls, and surge barriers, is 
widespread in many coastal cities and deltas. Ecosystem-based and hybrid approaches combining ecosystems and 
built infrastructure are becoming more popular worldwide. Coastal advance, which refers to the creation of new 
land by building seawards (e.g., land reclamation), has a long history in most areas where there are dense coastal 
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populations and a shortage of land. Coastal retreat, which refers to the removal of human occupation of coastal areas, 
is also observed, but is generally restricted to small human communities or occurs to create coastal wetland habitat. 
The effectiveness of the responses to sea level rise are assessed in Figure SPM.5. {3.5.3, 4.3.3, 4.4.2, 6.3.3, 6.9.1, 
Cross-Chapter Box 9} 

B. Projected Changes and Risks

Projected Physical Changes25

B.1  Global-scale glacier mass loss, permafrost thaw, and decline in snow cover and Arctic sea ice 
extent are projected to continue in the near-term (2031–2050) due to surface air temperature 
increases (high confidence), with unavoidable consequences for river runoff and local hazards 
(high confidence). The Greenland and Antarctic Ice Sheets are projected to lose mass at an 
increasing rate throughout the 21st century and beyond (high confidence). The rates and 
magnitudes of these cryospheric changes are projected to increase further in the second half 
of the 21st century in a high greenhouse gas emissions scenario (high confidence). Strong 
reductions in greenhouse gas emissions in the coming decades are projected to reduce further 
changes after 2050 (high confidence). {2.2,  2.3, Cross-Chapter Box 6  in Chapter  2,  3.3,  3.4, 
Figure SPM.1, SPM Box SPM.1}

B.1.1   Projected glacier mass reductions between 2015 and 2100 (excluding the ice sheets) range 
from 18 ± 7% (likely range) for RCP2.6 to 36 ± 11% (likely range) for RCP8.5, corresponding to a sea level contribution 
of 94 ± 25 mm (likely range) sea level equivalent for RCP2.6, and 200 ± 44 mm (likely range) for RCP8.5 (medium 
confidence). Regions with mostly smaller glaciers (e.g., Central Europe, Caucasus, North Asia, Scandinavia, tropical 
Andes, Mexico, eastern Africa and Indonesia), are projected to lose more than 80% of their current ice mass by 2100 
under RCP8.5 (medium confidence), and many glaciers are projected to disappear regardless of future emissions 
(very high confidence). {Cross-Chapter Box 6 in Chapter 2, Figure SPM.1}

B.1.2   In 2100, the Greenland Ice Sheet’s projected contribution to GMSL rise is 0.07 m (0.04–0.12 m, 
likely range) under RCP2.6, and 0.15 m (0.08–0.27 m, likely range) under RCP8.5. In 2100, the Antarctic Ice Sheet 
is projected to contribute 0.04 m (0.01–0.11 m, likely range) under RCP2.6, and 0.12 m (0.03–0.28 m, likely range) 
under RCP8.5. The Greenland Ice Sheet is currently contributing more to sea level rise than the Antarctic Ice Sheet 
(high confidence), but Antarctica could become a larger contributor by the end of the 21st century as a consequence 
of rapid retreat (low confidence). Beyond 2100, increasing divergence between Greenland and Antarctica’s relative 
contributions to GMSL rise under RCP8.5 has important consequences for the pace of relative sea level rise in the 
Northern Hemisphere. {3.3.1, 4.2.3, 4.2.5, 4.3.3, Cross-Chapter Box 8 in Chapter 3, Figure SPM.1}

B.1.3   Arctic autumn and spring snow cover are projected to decrease by  5–10%, relative to 
1986–2005, in the near-term (2031–2050), followed by no further losses under RCP2.6, but an additional 15–25% 
loss by the end of century under RCP8.5 (high confidence). In high mountain areas, projected decreases in low 
elevation mean winter snow depth, compared to 1986–2005, are likely 10–40% by 2031–2050, regardless of 
emissions scenario (high confidence). For 2081–2100, this projected decrease is likely 10–40%  for RCP2.6 and 
50–90% for RCP8.5. {2.2.2, 3.3.2, 3.4.2, Figure SPM.1}

25 This report primarily uses RCP2.6 and RCP8.5 for the following reasons: These scenarios largely represent the assessed range for the topics covered 
in this report; they largely represent what is covered in the assessed literature, based on CMIP5; and they allow a consistent narrative about projected 
changes. RCP4.5 and RCP6.0 are not available for all topics addressed in the report. {Box SPM.1}
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B.1.4   Widespread permafrost thaw is projected for this century (very high confidence) and beyond. 
By 2100, projected near-surface (within 3–4 m) permafrost area shows a decrease of 24 ± 16% (likely range) for 
RCP2.6 and 69 ± 20% (likely range) for RCP8.5. The RCP8.5 scenario leads to the cumulative release of tens to 
hundreds of billions of tons (GtC) of permafrost carbon as CO2

26 and methane to the atmosphere by 2100 with 
the potential to exacerbate climate change (medium confidence). Lower emissions scenarios dampen the response 
of carbon emissions from the permafrost region (high confidence). Methane contributes a  small fraction of the 
total additional carbon release but is significant because of its higher warming potential. Increased plant growth is 
projected to replenish soil carbon in part, but will not match carbon releases over the long term (medium confidence). 
{2.2.4, 3.4.2, 3.4.3, Figure SPM.1, Cross-Chapter Box 5 in Chapter 1}

B.1.5   In many high mountain areas, glacier retreat and permafrost thaw are projected to further 
decrease the stability of slopes, and the number and area of glacier lakes will continue to increase (high confidence). 
Floods due to glacier lake outburst or rain-on-snow, landslides and snow avalanches, are projected to occur also in 
new locations or different seasons (high confidence). {2.3.2}

B.1.6   River runoff in snow-dominated or glacier-fed high mountain basins is projected to change 
regardless of emissions scenario (very high confidence), with increases in average winter runoff (high confidence) 
and earlier spring peaks (very high confidence). In all emissions scenarios, average annual and summer runoff from 
glaciers are projected to peak at or before the end of the 21st century (high confidence), e.g., around mid-century in 
High Mountain Asia, followed by a decline in glacier runoff. In regions with little glacier cover (e.g., tropical Andes, 
European Alps) most glaciers have already passed this peak (high confidence). Projected declines in glacier runoff by 
2100 (RCP8.5) can reduce basin runoff by 10% or more in at least one month of the melt season in several large river 
basins, especially in High Mountain Asia during the dry season (low confidence). {2.3.1}

B.1.7   Arctic sea ice loss is projected to continue through mid-century, with differences thereafter 
depending on the magnitude of global warming: for stabilised global warming of 1.5ºC the annual probability of 
a sea ice-free September by the end of century is approximately 1%, which rises to 10–35% for stabilised global 
warming of 2ºC (high confidence). There is low confidence in projections for Antarctic sea ice. {3.2.2, Figure SPM.1}

B.2  Over the 21st century, the ocean is projected to transition to unprecedented conditions with 
increased temperatures (virtually certain), greater upper ocean stratification (very likely), 
further acidification (virtually certain), oxygen decline (medium confidence), and altered net 
primary production (low confidence). Marine heatwaves (very high confidence) and extreme 
El Niño and La Niña events (medium confidence) are projected to become more frequent. The 
Atlantic Meridional Overturning Circulation (AMOC) is projected to weaken (very likely). The 
rates and magnitudes of these changes will be smaller under scenarios with low greenhouse 
gas emissions (very likely). {3.2, 5.2, 6.4, 6.5, 6.7, Box 5.1, Figures SPM.1, SPM.3}

B.2.1   The ocean will continue to warm throughout the 21st century (virtually certain). By 2100, 
the top 2000 m  of the ocean are projected to take up  5–7 times more heat under RCP8.5 (or  2–4 times more 
under RCP2.6) than the observed accumulated ocean heat uptake since 1970 (very likely). The annual mean density 
stratification19 of the top 200 m, averaged between 60ºS and 60ºN, is projected to increase by 12–30% for RCP8.5 
and 1–9% for RCP2.6, for 2081–2100 relative to 1986–2005 (very likely), inhibiting vertical nutrient, carbon and 
oxygen fluxes. {5.2.2, Figure SPM.1}

26 For context, total annual anthropogenic CO2 emissions were 10.8 ± 0.8 GtC yr–1 (39.6 ± 2.9 GtCO2 yr–1) on average over the period 2008–2017. 
Total annual anthropogenic methane emissions were 0.35 ± 0.01 GtCH4 yr–1, on average over the period 2003–2012. {5.5.1}
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B.2.2   By 2081–2100 under RCP8.5, ocean oxygen content (medium confidence), upper ocean nitrate 
content (medium confidence), net primary production (low confidence) and carbon export (medium confidence) are 
projected to decline globally by very likely ranges of 3–4%, 9–14%, 4–11% and 9–16% respectively, relative to 
2006–2015. Under RCP2.6, globally projected changes by 2081–2100 are smaller compared to RCP8.5 for oxygen 
loss (very likely), nutrient availability (about as likely as not) and net primary production (high confidence). {5.2.2, 
Box 5.1, Figures SPM.1, SPM.3}

B.2.3   Continued carbon uptake by the ocean by 2100 is virtually certain to exacerbate ocean 
acidification. Open ocean surface pH is projected to decrease by around 0.3 pH units by 2081–2100, relative to 
2006–2015, under RCP8.5 (virtually certain). For RCP8.5, there are elevated risks for keystone aragonite shell-forming 
species due to crossing an aragonite stability threshold year-round in the Polar and sub-Polar Oceans by 2081–2100 
(very likely). For RCP2.6, these conditions will be avoided this century (very likely), but some eastern boundary 
upwelling systems are projected to remain vulnerable (high confidence). {3.2.3, 5.2.2, Box 5.1, Box 5.3, Figure SPM.1}

B.2.4   Climate conditions, unprecedented since the preindustrial period, are developing in the 
ocean, elevating risks for open ocean ecosystems. Surface acidification and warming have already emerged in the 
historical period (very likely). Oxygen loss between 100 and 600 m depth is projected to emerge over 59–80% of 
the ocean area by 2031–2050 under RCP8.5 (very likely). The projected time of emergence for five primary drivers of 
marine ecosystem change (surface warming and acidification, oxygen loss, nitrate content and net primary production 
change) are all prior to 2100 for over 60% of the ocean area under RCP8.5 and over 30% under RCP2.6 (very likely). 
{Annex I: Glossary, Box 5.1, Box 5.1 Figure 1}

B.2.5   Marine heatwaves are projected to further increase in frequency, duration, spatial extent 
and intensity (maximum temperature) (very high confidence). Climate models project increases in the frequency of 
marine heatwaves by 2081–2100, relative to 1850–1900, by approximately 50 times under RCP8.5 and 20 times 
under RCP2.6 (medium confidence). The largest increases in frequency are projected for the Arctic and the tropical 
oceans (medium confidence). The intensity of marine heatwaves is projected to increase about 10-fold under RCP8.5 
by 2081–2100, relative to 1850–1900 (medium confidence). {6.4, Figure SPM.1}

B.2.6   Extreme El Niño and La Niña events are projected to likely increase in frequency in the 21st 
century and to likely intensify existing hazards, with drier or wetter responses in several regions across the globe. 
Extreme El Niño events are projected to occur about as twice as often under both RCP2.6 and RCP8.5 in the 21st 
century when compared to the 20th century (medium confidence). Projections indicate that extreme Indian Ocean 
Dipole events also increase in frequency (low confidence). {6.5, Figures 6.5, 6.6}

B.2.7   The AMOC is projected to weaken in the 21st century under all RCPs (very likely), although 
a collapse is very unlikely (medium confidence). Based on CMIP5 projections, by 2300, an AMOC collapse is about 
as likely as not for high emissions scenarios and very unlikely for lower ones (medium confidence). Any substantial 
weakening of the AMOC is projected to cause a  decrease in marine productivity in the North Atlantic (medium 
confidence), more storms in Northern Europe (medium confidence), less Sahelian summer rainfall (high confidence) 
and South Asian summer rainfall (medium confidence), a reduced number of tropical cyclones in the Atlantic (medium 
confidence), and an increase in regional sea level along the northeast coast of North America (medium confidence). 
Such changes would be in addition to the global warming signal. {6.7, Figures 6.8–6.10}
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B.3  Sea level continues to rise at an increasing rate. Extreme sea level events that are historically 
rare (once per  century in the recent past) are projected to occur frequently (at least once 
per year) at many locations by 2050 in all RCP scenarios, especially in tropical regions (high 
confidence). The increasing frequency of high water levels can have severe impacts in many 
locations depending on exposure (high confidence). Sea level rise is projected to continue 
beyond 2100 in all RCP scenarios. For a high emissions scenario (RCP8.5), projections of global 
sea level rise by 2100 are greater than in AR5 due to a larger contribution from the Antarctic 
Ice Sheet (medium confidence). In coming centuries under RCP8.5, sea level rise is projected to 
exceed rates of several centimetres per year resulting in multi-metre rise (medium confidence), 
while for RCP2.6 sea level rise is projected to be limited to around 1 m in 2300 (low confidence). 
Extreme sea levels and coastal hazards will be exacerbated by projected increases in tropical 
cyclone intensity and precipitation (high confidence). Projected changes in waves and tides 
vary locally in whether they amplify or ameliorate these hazards (medium confidence). 
{Cross-Chapter Box 5  in Chapter  1, Cross-Chapter Box 8  in Chapter  3,  4.1,  4.2,  5.2.2,  6.3.1, 
Figures SPM.1, SPM.4, SPM.5}

B.3.1   The global mean sea level (GMSL) rise under RCP2.6 is projected to be 0.39 m (0.26–0.53 m, 
likely range) for the period 2081–2100, and 0.43 m (0.29–0.59 m, likely range) in 2100 with respect to 1986–2005. For 
RCP8.5, the corresponding GMSL rise is 0.71 m (0.51–0.92 m, likely range) for 2081–2100 and 0.84 m (0.61–1.10 m, 
likely range) in 2100. Mean sea level rise projections are higher by 0.1 m compared to AR5 under RCP8.5 in 2100, and 
the likely range extends beyond 1 m in 2100 due to a larger projected ice loss from the Antarctic Ice Sheet (medium 
confidence). The uncertainty at the end of the century is mainly determined by the ice sheets, especially in Antarctica. 
{4.2.3, Figures SPM.1, SPM.5}

B.3.2   Sea level projections show regional differences around GMSL. Processes not driven by 
recent climate change, such as local subsidence caused by natural processes and human activities, are important to 
relative sea level changes at the coast (high confidence). While the relative importance of climate-driven sea level 
rise is projected to increase over time, local processes need to be considered for projections and impacts of sea level 
(high confidence). {SPM A.3.4, 4.2.1, 4.2.2, Figure SPM.5}

B.3.3   The rate of global mean sea level rise is projected to reach 15 mm yr–1 (10–20 mm yr–1, likely 
range) under RCP8.5 in 2100, and to exceed several centimetres per year in the 22nd century. Under RCP2.6, the rate 
is projected to reach 4 mm yr-1 (2–6 mm yr–1, likely range) in 2100. Model studies indicate multi-meter rise in sea 
level by 2300 (2.3–5.4 m for RCP8.5 and 0.6–1.07 m under RCP2.6) (low confidence), indicating the importance of 
reduced emissions for limiting sea level rise. Processes controlling the timing of future ice-shelf loss and the extent of 
ice sheet instabilities could increase Antarctica’s contribution to sea level rise to values substantially higher than the 
likely range on century and longer time-scales (low confidence). Considering the consequences of sea level rise that 
a collapse of parts of the Antarctic Ice Sheet entails, this high impact risk merits attention. {Cross-Chapter Box 5 in 
Chapter 1, Cross-Chapter Box 8 in Chapter 3, 4.1, 4.2.3}

B.3.4   Global mean sea level rise will cause the frequency of extreme sea level events at most 
locations to increase. Local sea levels that historically occurred once per century (historical centennial events) are 
projected to occur at least annually at most locations by 2100 under all RCP scenarios (high confidence). Many 
low-lying megacities and small islands (including SIDS) are projected to experience historical centennial events at 
least annually by 2050 under RCP2.6, RCP4.5 and RCP8.5. The year when the historical centennial event becomes 
an annual event in the mid-latitudes occurs soonest in RCP8.5, next in RCP4.5 and latest in RCP2.6. The increasing 
frequency of high water levels can have severe impacts in many locations depending on the level of exposure (high 
confidence). {4.2.3, 6.3, Figures SPM.4, SPM.5}
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B.3.5   Significant wave heights (the average height from trough to crest of the highest one-third 
of waves) are projected to increase across the Southern Ocean and tropical eastern Pacific (high confidence) and 
Baltic Sea (medium confidence) and decrease over the North Atlantic and Mediterranean Sea under RCP8.5 (high 
confidence). Coastal tidal amplitudes and patterns are projected to change due to sea level rise and coastal adaptation 
measures (very likely). Projected changes in waves arising from changes in weather patterns, and changes in tides 
due to sea level rise, can locally enhance or ameliorate coastal hazards (medium confidence). {6.3.1, 5.2.2}

B.3.6   The average intensity of tropical cyclones, the proportion of Category 4 and 5 tropical cyclones 
and the associated average precipitation rates are projected to increase for a 2ºC global temperature rise above any 
baseline period (medium confidence). Rising mean sea levels will contribute to higher extreme sea levels associated 
with tropical cyclones (very high confidence). Coastal hazards will be exacerbated by an increase in the average 
intensity, magnitude of storm surge and precipitation rates of tropical cyclones. There are greater increases projected 
under RCP8.5 than under RCP2.6 from around mid-century to 2100 (medium confidence). There is low confidence in 
changes in the future frequency of tropical cyclones at the global scale. {6.3.1}

Projected Risks for Ecosystems

B.4  Future land cryosphere changes will continue to alter terrestrial and freshwater ecosystems in 
high mountain and polar regions with major shifts in species distributions resulting in changes 
in ecosystem structure and functioning, and eventual loss of globally unique biodiversity 
(medium confidence). Wildfire is projected to increase significantly for the rest of this 
century across most tundra and boreal regions, and also in some mountain regions (medium 
confidence). {2.3.3, Box 3.4, 3.4.3}

B.4.1   In high mountain regions, further upslope migration by lower-elevation species, range 
contractions, and increased mortality will lead to population declines of many alpine species, especially glacier- or 
snow-dependent species (high confidence), with local and eventual global species loss (medium confidence). The 
persistence of alpine species and sustaining ecosystem services depends on appropriate conservation and adaptation 
measures (high confidence). {2.3.3}

B.4.2   On Arctic land, a loss of globally unique biodiversity is projected as limited refugia exist for 
some High-Arctic species and hence they are outcompeted by more temperate species (medium confidence). Woody 
shrubs and trees are projected to expand to cover 24–52% of Arctic tundra by 2050 (medium confidence). The boreal 
forest is projected to expand at its northern edge, while diminishing at its southern edge where it is replaced by lower 
biomass woodland/shrublands (medium confidence). {3.4.3, Box 3.4}

B.4.3   Permafrost thaw and decrease in snow will affect Arctic and mountain hydrology and wildfire, 
with impacts on vegetation and wildlife (medium confidence). About 20% of Arctic land permafrost is vulnerable to 
abrupt permafrost thaw and ground subsidence, which is projected to increase small lake area by over 50% by 2100 
for RCP8.5 (medium confidence). Even as the overall regional water cycle is projected to intensify, including increased 
precipitation, evapotranspiration, and river discharge to the Arctic Ocean, decreases in snow and permafrost may 
lead to soil drying with consequences for ecosystem productivity and disturbances (medium confidence). Wildfire is 
projected to increase for the rest of this century across most tundra and boreal regions, and also in some mountain 
regions, while interactions between climate and shifting vegetation will influence future fire intensity and frequency 
(medium confidence). {2.3.3, 3.4.1, 3.4.2, 3.4.3, SPM B.1}
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B.5  A decrease in global biomass of marine animal communities, their production, and fisheries 
catch potential, and a  shift in species composition are projected over the 21st century in 
ocean ecosystems from the surface to the deep seafloor under all emission scenarios (medium 
confidence). The rate and magnitude of decline are projected to be highest in the tropics 
(high confidence), whereas impacts remain diverse in polar regions (medium confidence) and 
increase for high emissions scenarios. Ocean acidification (medium confidence), oxygen loss 
(medium confidence) and reduced sea ice extent (medium confidence) as well as non-climatic 
human activities (medium confidence) have the potential to exacerbate these warming-induced 
ecosystem impacts. {3.2.3, 3.3.3, 5.2.2, 5.2.3, 5.2.4, 5.4.1, Figure SPM.3}

B.5.1   Projected ocean warming and changes in net primary production alter biomass, production 
and community structure of marine ecosystems. The global-scale biomass of marine animals across the foodweb is 
projected to decrease by 15.0 ± 5.9% (very likely range) and the maximum catch potential of fisheries by 20.5–24.1% 
by the end of the 21st century relative to 1986–2005 under RCP8.5 (medium confidence). These changes are projected 
to be very likely three to four times larger under RCP8.5 than RCP2.6. {3.2.3, 3.3.3, 5.2.2, 5.2.3, 5.4.1, Figure SPM.3}

B.5.2   Under enhanced stratification reduced nutrient supply is projected to cause tropical ocean 
net primary production to decline by 7–16% (very likely range) for RCP8.5 by 2081–2100 (medium confidence). In 
tropical regions, marine animal biomass and production are projected to decrease more than the global average 
under all emissions scenarios in the 21st century (high confidence). Warming and sea ice changes are projected to 
increase marine net primary production in the Arctic (medium confidence) and around Antarctica (low confidence), 
modified by changing nutrient supply due to shifts in upwelling and stratification. Globally, the sinking flux of organic 
matter from the upper ocean is projected to decrease, linked largely due to changes in net primary production 
(high confidence). As a  result, 95% or more of the deep sea (3000–6000 m depth) seafloor area and cold-water 
coral ecosystems are projected to experience declines in benthic biomass under RCP8.5 (medium confidence). 
{3.2.3, 5.2.2. 5.2.4, Figure SPM.1}

B.5.3   Warming, ocean acidification, reduced seasonal sea ice extent and continued loss of 
multi-year sea ice are projected to impact polar marine ecosystems through direct and indirect effects on habitats, 
populations and their viability (medium confidence). The geographical range of Arctic marine species, including 
marine mammals, birds and fish is projected to contract, while the range of some sub-Arctic fish communities is 
projected to expand, further increasing pressure on high-Arctic species (medium confidence). In the Southern Ocean, 
the habitat of Antarctic krill, a key prey species for penguins, seals and whales, is projected to contract southwards 
under both RCP2.6 and RCP8.5 (medium confidence). {3.2.2, 3.2.3, 5.2.3}

B.5.4   Ocean warming, oxygen loss, acidification and a decrease in flux of organic carbon from the 
surface to the deep ocean are projected to harm habitat-forming cold-water corals, which support high biodiversity, 
partly through decreased calcification, increased dissolution of skeletons, and bioerosion (medium confidence). 
Vulnerability and risks are highest where and when temperature and oxygen conditions both reach values outside 
species’ tolerance ranges (medium confidence). {Box 5.2, Figure SPM.3}
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Figure SPM.3 |  Projected changes, impacts and risks for ocean regions and ecosystems.
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Figure SPM.3 (continued): (a) depth integrated net primary production (NPP from CMIP527), (b) total animal biomass (depth integrated, including 
fishes and invertebrates from FISHMIP28), (c) maximum fisheries catch potential and (d) impacts and risks for coastal and open ocean ecosystems. The 
three left panels represent the simulated (a,b) and observed (c) mean values for the recent past (1986–2005), the middle and right panels represent 
projected changes (%) by 2081–2100 relative to recent past under low (RCP2.6) and high (RCP8.5) greenhouse gas emissions scenario {Box SPM.1}, 
respectively. Total animal biomass in the recent past (b, left panel) represents the projected total animal biomass by each spatial pixel relative to the 
global average. (c) *Average observed fisheries catch in the recent past (based on data from the Sea Around Us global fisheries database); projected 
changes in maximum fisheries catch potential in shelf seas are based on the average outputs from two fisheries and marine ecosystem models. To 
indicate areas of model inconsistency, shaded areas represent regions where models disagree in the direction of change for more than: (a) and (b) 
3 out of 10 model projections, and (c) one out of two models. Although unshaded, the projected change in the Arctic and Antarctic regions in (b) total 
animal biomass and (c) fisheries catch potential have low confidence due to uncertainties associated with modelling multiple interacting drivers and 
ecosystem responses. Projections presented in (b) and (c) are driven by changes in ocean physical and biogeochemical conditions e.g., temperature, 
oxygen level, and net primary production projected from CMIP5 Earth system models. **The epipelagic refers to the uppermost part of the ocean 
with depth <200 m from the surface where there is enough sunlight to allow photosynthesis. (d) Assessment of risks for coastal and open ocean 
ecosystems based on observed and projected climate impacts on ecosystem structure, functioning and biodiversity. Impacts and risks are shown in 
relation to changes in Global Mean Surface Temperature (GMST) relative to pre-industrial level. Since assessments of risks and impacts are based 
on global mean Sea Surface Temperature (SST), the corresponding SST levels are shown29. The assessment of risk transitions is described in Chapter 
5 Sections 5.2, 5.3, 5.2.5 and 5.3.7 and Supplementary Materials SM5.3, Table SM5.6, Table SM5.8 and other parts of the underlying report. The 
figure indicates assessed risks at approximate warming levels and increasing climate-related hazards in the ocean: ocean warming, acidification, 
deoxygenation, increased density stratification, changes in carbon fluxes, sea level rise, and increased frequency and/or intensity of extreme events. 
The assessment considers the natural adaptive capacity of the ecosystems, their exposure and vulnerability. Impact and risk levels do not consider 
risk reduction strategies such as human interventions, or future changes in non-climatic drivers. Risks for ecosystems were assessed by considering 
biological, biogeochemical, geomorphological and physical aspects. Higher risks associated with compound effects of climate hazards include 
habitat and biodiversity loss, changes in species composition and distribution ranges, and impacts/risks on ecosystem structure and functioning, 
including changes in animal/plant biomass and density, productivity, carbon fluxes, and sediment transport. As part of the assessment, literature was 
compiled and data extracted into a summary table. A multi-round expert elicitation process was undertaken with independent evaluation of threshold 
judgement, and a final consensus discussion. Further information on methods and underlying literature can be found in Chapter 5, Sections 5.2 
and 5.3 and Supplementary Material. {3.2.3, 3.2.4, 5.2, 5.3, 5.2.5, 5.3.7, SM5.6, SM5.8, Figure 5.16, Cross Chapter Box 1 in Chapter 1 Table CCB1} 

27 NPP is estimated from the Coupled Models Intercomparison Project 5 (CMIP5).
28 Total animal biomass is from the Fisheries and Marine Ecosystem Models Intercomparison Project (FISHMIP).
29 The conversion between GMST and SST is based on a scaling factor of 1.44 derived from changes in an ensemble of RCP8.5 simulations; this scaling 

factor has an uncertainty of about 4% due to differences between the RCP2.6 and RCP8.5 scenarios. {Table SPM.1}

B.6  Risks of severe impacts on biodiversity, structure and function of coastal ecosystems are 
projected to be higher for elevated temperatures under high compared to low emissions 
scenarios in the 21st century and beyond. Projected ecosystem responses include losses 
of species habitat and diversity, and degradation of ecosystem functions. The capacity of 
organisms and ecosystems to adjust and adapt is higher at lower emissions scenarios (high 
confidence). For sensitive ecosystems such as seagrass meadows and kelp forests, high risks 
are projected if global warming exceeds 2ºC above pre-industrial temperature, combined with 
other climate-related hazards (high confidence). Warm-water corals are at high risk already 
and are projected to transition to very high risk even if global warming is limited to 1.5ºC 
(very high confidence). {4.3.3, 5.3, 5.5, Figure SPM.3}

B.6.1   All coastal ecosystems assessed are projected to face increasing risk level, from moderate to 
high risk under RCP2.6 to high to very high risk under RCP8.5 by 2100. Intertidal rocky shore ecosystems are projected 
to be at very high risk by 2100 under RCP8.5 (medium confidence) due to exposure to warming, especially during 
marine heatwaves, as well as to acidification, sea level rise, loss of calcifying species and biodiversity (high confidence). 
Ocean acidification challenges these ecosystems and further limits their habitat suitability (medium confidence) by 
inhibiting recovery through reduced calcification and enhanced bioerosion. The decline of kelp forests is projected to 
continue in temperate regions due to warming, particularly under the projected intensification of marine heatwaves, 
with high risk of local extinctions under RCP8.5 (medium confidence). {5.3, 5.3.5, 5.3.6, 5.3.7, 6.4.2, Figure SPM.3}

B.6.2   Seagrass meadows and saltmarshes and associated carbon stores are at moderate risk 
at 1.5ºC global warming and increase with further warming (medium confidence). Globally, 20–90% of current coastal 
wetlands are projected to be lost by 2100, depending on projected sea level rise, regional differences and wetland  
types, especially where vertical growth is already constrained by reduced sediment supply and landward migration is 
constrained by steep topography or human modification of shorelines (high confidence). {4.3.3, 5.3.2, Figure SPM.3, 
SPM A.6.1}
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B.6.3   Ocean warming, sea level rise and tidal changes are projected to expand salinization and 
hypoxia in estuaries (high confidence) with high risks for some biota leading to migration, reduced survival, and local 
extinction under high emission scenarios (medium confidence). These impacts are projected to be more pronounced 
in more vulnerable eutrophic and shallow estuaries with low tidal range in temperate and high latitude regions 
(medium confidence). {5.2.2, 5.3.1, Figure SPM.3}

B.6.4   Almost all warm-water coral reefs are projected to suffer significant losses of area and 
local extinctions, even if global warming is limited to 1.5ºC (high confidence). The species composition and diversity 
of remaining reef communities is projected to differ from present-day reefs (very high confidence). {5.3.4,  5.4.1, 
Figure SPM.3}

Projected Risks for People and Ecosystem Services

B.7  Future cryosphere changes on land are projected to affect water resources and their uses, such 
as hydropower (high confidence) and irrigated agriculture in and downstream of high mountain 
areas (medium confidence), as well as livelihoods in the Arctic (medium confidence). Changes 
in floods, avalanches, landslides, and ground destabilization are projected to increase risk for 
infrastructure, cultural, tourism, and recreational assets (medium confidence). {2.3, 2.3.1, 3.4.3}

B.7.1   Disaster risks to human settlements and livelihood options in high mountain areas and 
the Arctic are expected to increase (medium confidence), due to future changes in hazards such as floods, fires, 
landslides, avalanches, unreliable ice and snow conditions, and increased exposure of people and infrastructure (high 
confidence). Current engineered risk reduction approaches are projected to be less effective as hazards change in 
character (medium confidence). Significant risk reduction and adaptation strategies help avoid increased impacts 
from mountain flood and landslide hazards as exposure and vulnerability are increasing in many mountain regions 
during this century (high confidence). {2.3.2, 3.4.3, 3.5.2}

B.7.2   Permafrost thaw-induced subsidence of the land surface is projected to impact overlying 
urban and rural communication and transportation infrastructure in the Arctic and in high mountain areas (medium 
confidence). The majority of Arctic infrastructure is located in regions where permafrost thaw is projected to intensify 
by mid-century. Retrofitting and redesigning infrastructure has the potential to halve the costs arising from permafrost 
thaw and related climate-change impacts by 2100 (medium confidence). {2.3.4, 3.4.1, 3.4.3}

B.7.3   High mountain tourism, recreation and cultural assets are projected to be negatively affected 
by future cryospheric changes (high confidence). Current snowmaking technologies are projected to be less effective 
in reducing risks to ski tourism in a warmer climate in most parts of Europe, North America, and Japan, in particular 
at 2ºC global warming and beyond (high confidence). {2.3.5, 2.3.6}
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B.8  Future shifts in fish distribution and decreases in their abundance and fisheries catch potential 
due to climate change are projected to affect income, livelihoods, and food security of marine 
resource-dependent communities (medium confidence). Long-term loss and degradation of 
marine ecosystems compromises the ocean’s role in cultural, recreational, and intrinsic values 
important for human identity and well-being (medium confidence). {3.2.4, 3.4.3, 5.4.1, 5.4.2, 6.4}

B.8.1   Projected geographical shifts and decreases of global marine animal biomass and fish catch 
potential are more pronounced under RCP8.5 relative to RCP2.6 elevating the risk for income and livelihoods of 
dependent human communities, particularly in areas that are economically vulnerable (medium confidence). The 
projected redistribution of resources and abundance increases the risk of conflicts among fisheries, authorities or 
communities (medium confidence). Challenges to fisheries governance are widespread under RCP8.5 with regional 
hotspots such as the Arctic and tropical Pacific Ocean (medium confidence). {3.5.2, 5.4.1, 5.4.2, 5.5.2, 5.5.3, 6.4.2, 
Figure SPM.3}

B.8.2   The decline in warm-water coral reefs is projected to greatly compromise the services they 
provide to society, such as food provision (high confidence), coastal protection (high confidence) and tourism 
(medium confidence). Increases in the risks for seafood security (medium confidence) associated with decreases in 
seafood availability are projected to elevate the risk to nutritional health in some communities highly dependent 
on seafood (medium confidence), such as those in the Arctic, West Africa, and Small Island Developing States. Such 
impacts compound any risks from other shifts in diets and food systems caused by social and economic changes and 
climate change over land (medium confidence). {3.4.3, 5.4.2, 6.4.2}

B.8.3   Global warming compromises seafood safety (medium confidence) through human 
exposure to elevated bioaccumulation of persistent organic pollutants and mercury in marine plants and animals 
(medium confidence), increasing prevalence of waterborne Vibrio pathogens (medium confidence), and heightened 
likelihood of harmful algal blooms (medium confidence). These risks are projected to be particularly large for human 
communities with high consumption of seafood, including coastal Indigenous communities (medium confidence), 
and for economic sectors such as fisheries, aquaculture, and tourism (high confidence). {3.4.3, 5.4.2, Box 5.3}

B.8.4   Climate change impacts on marine ecosystems and their services put key cultural dimensions 
of lives and livelihoods at risk (medium confidence), including through shifts in the distribution or abundance of 
harvested species and diminished access to fishing or hunting areas. This includes potentially rapid and irreversible 
loss of culture and local knowledge and Indigenous knowledge, and negative impacts on traditional diets and food 
security, aesthetic aspects, and marine recreational activities (medium confidence). {3.4.3, 3.5.3, 5.4.2}
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B.9  Increased mean and extreme sea level, alongside ocean warming and acidification, are projected 
to exacerbate risks for human communities in low-lying coastal areas (high confidence). In Arctic 
human communities without rapid land uplift, and in urban atoll islands, risks are projected 
to be moderate to high even under a low emissions scenario (RCP2.6) (medium confidence), 
including reaching adaptation limits (high confidence). Under a high emissions scenario (RCP8.5), 
delta regions and resource rich coastal cities are projected to experience moderate to high 
risk levels after 2050 under current adaptation (medium confidence). Ambitious adaptation 
including transformative governance is expected to reduce risk (high confidence), but with 
context-specific benefits. {4.3.3, 4.3.4, SM4.3, 6.9.2, Cross-Chapter Box 9, Figure SPM.5}

B.9.1  In the absence of more ambitious adaptation efforts compared to today, and under current 
trends of increasing exposure and vulnerability of coastal communities, risks, such as erosion and land loss, flooding, 
salinization, and cascading impacts due to mean sea level rise and extreme events are projected to significantly 
increase throughout this century under all greenhouse gas emissions scenarios (very high confidence). Under the 
same assumptions, annual coastal flood damages are projected to increase by 2–3 orders of magnitude by 2100 
compared to today (high confidence). {4.3.3, 4.3.4, Box 6.1, 6.8, SM.4.3, Figures SPM.4, SPM.5}

B.9.2   High to very high risks are approached for vulnerable communities in coral reef environments, 
urban atoll islands and low-lying Arctic locations from sea level rise well before the end of this century in case of high 
emissions scenarios. This entails adaptation limits being reached, which are the points at which an actor’s objectives 
(or system needs) cannot be secured from intolerable risks through adaptive actions (high confidence). Reaching 
adaptation limits (e.g., biophysical, geographical, financial, technical, social, political, and institutional) depends on the 
emissions scenario and context-specific risk tolerance, and is projected to expand to more areas beyond 2100, due to the 
long-term commitment of sea level rise (medium confidence). Some island nations are likely to become uninhabitable 
due to climate-related ocean and cryosphere change (medium confidence), but habitability thresholds remain extremely 
difficult to assess. {4.3.4, 4.4.2, 4.4.3, 5.5.2, Cross-Chapter Box 9, SM.4.3, SPM C.1, Glossary, Figure SPM.5}

B.9.3   Globally, a  slower rate of climate-related ocean and cryosphere change provides greater 
adaptation opportunities (high confidence). While there is high confidence that ambitious adaptation, including 
governance for transformative change, has the potential to reduce risks in many locations, such benefits can vary 
between locations. At global scale, coastal protection can reduce flood risk by  2–3 orders of magnitude during 
the 21st century, but depends on investments on the order of tens to several hundreds of billions of US$ per year 
(high confidence). While such investments are generally cost efficient for densely populated urban areas, rural and 
poorer areas may be challenged to afford such investments with relative annual costs for some small island states 
amounting to several percent of GDP (high confidence). Even with major adaptation efforts, residual risks and 
associated losses are projected to occur (medium confidence), but context-specific limits to adaptation and residual 
risks remain difficult to assess. {4.1.3, 4.2.2.4, 4.3.1, 4.3.2, 4.3.4., 4.4.3, 6.9.1, 6.9.2, Cross-Chapter Boxes 1–2 in 
Chapter 1, SM.4.3, Figure SPM.5} 
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Due to projected global mean sea level (GMSL) rise, local sea levels that historically occurred once per century 
(historical centennial events, HCEs) are projected to become at least annual events at most locations during the 
21st century. The height of a HCE varies widely, and depending on the level of exposure can already cause severe 
impacts. Impacts can continue to increase with rising frequency of HCEs.

Historical Centennial extreme sea level 
Events (HCEs) become more common 
due to sea level rise
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(a) Schematic effect of regional sea level rise on 
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Figure SPM.4 |  The effect of regional sea level rise on extreme sea level events at coastal locations. (a) Schematic illustration of extreme sea level 
events and their average recurrence in the recent past (1986–2005) and the future. As a consequence of mean sea level rise, local sea levels that 
historically occurred once per century (historical centennial events, HCEs) are projected to recur more frequently in the future. (b) The year in which 
HCEs are expected to recur once per year on average under RCP8.5 and RCP2.6, at the 439 individual coastal locations where the observational 
record is sufficient. The absence of a circle indicates an inability to perform an assessment due to a lack of data but does not indicate absence of 
exposure and risk. The darker the circle, the earlier this transition is expected. The likely range is ±10 years for locations where this transition is 
expected before 2100. White circles (33% of locations under RCP2.6 and 10% under RCP8.5) indicate that HCEs are not expected to recur once per 
year before 2100. (c) An indication at which locations this transition of HCEs to annual events is projected to occur more than 10 years later under 
RCP2.6 compared to RCP8.5. As the scenarios lead to small differences by 2050 in many locations results are not shown here for RCP4.5 but they are 
available in Chapter 4. {4.2.3, Figure 4.10, Figure 4.12}
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C.  Implementing Responses to Ocean and Cryosphere Change 

Challenges

C.1  Impacts of climate-related changes in the ocean and cryosphere increasingly challenge current 
governance efforts to develop and implement adaptation responses from local to global 
scales, and in some cases pushing them to their limits. People with the highest exposure 
and vulnerability are often those with lowest capacity to respond (high confidence). {1.5, 1.7, 
Cross-Chapter Boxes 2–3 in Chapter 1, 2.3.1, 2.3.2, 2.3.3, 2.4, 3.2.4, 3.4.3, 3.5.2, 3.5.3, 4.1, 4.3.3, 
4.4.3, 5.5.2, 5.5.3, 6.9}

C.1.1   The temporal scales of climate change impacts in ocean and cryosphere and their societal 
consequences operate on time horizons which are longer than those of governance arrangements (e.g., planning cycles, 
public and corporate decision making cycles, and financial instruments). Such temporal differences challenge the ability 
of societies to adequately prepare for and respond to long-term changes including shifts in the frequency and intensity 
of extreme events (high confidence). Examples include changing landslides and floods in high mountain regions and 
risks to important species and ecosystems in the Arctic, as well as to low-lying nations and islands, small island nations, 
other coastal regions and to coral reef ecosystems. {2.3.2, 3.5.2, 3.5.4, 4.4.3, 5.2, 5.3, 5.4, 5.5.1, 5.5.2, 5.5.3, 6.9}

C.1.2   Governance arrangements (e.g., marine protected areas, spatial plans and water management 
systems) are, in many contexts, too fragmented across administrative boundaries and sectors to provide integrated 
responses to the increasing and cascading risks from climate-related changes in the ocean and/or cryosphere (high 
confidence). The capacity of governance systems in polar and ocean regions to respond to climate change impacts 
has strengthened recently, but this development is not sufficiently rapid or robust to adequately address the scale 
of increasing projected risks (high confidence). In high mountains, coastal regions and small islands, there are also 
difficulties in coordinating climate adaptation responses, due to the many interactions of climatic and non-climatic 
risk drivers (such as inaccessibility, demographic and settlement trends, or land subsidence caused by local activities) 
across scales, sectors and policy domains (high confidence). {2.3.1, 3.5.3, 4.4.3, 5.4.2, 5.5.2, 5.5.3, Box 5.6, 6.9, 
Cross-Chapter Box 3 in Chapter 1}

C.1.3   There are a broad range of identified barriers and limits for adaptation to climate change 
in ecosystems (high confidence). Limitations include the space that ecosystems require, non-climatic drivers and 
human impacts that need to be addressed as part of the adaptation response, the lowering of adaptive capacity 
of ecosystems because of climate change, and the slower ecosystem recovery rates relative to the recurrence of 
climate impacts, availability of technology, knowledge and financial support, and existing governance arrangements 
(medium confidence). {3.5.4, 5.5.2} 

C.1.4   Financial, technological, institutional and other barriers exist for implementing responses to 
current and projected negative impacts of climate-related changes in the ocean and cryosphere, impeding resilience 
building and risk reduction measures (high confidence). Whether such barriers reduce adaptation effectiveness or 
correspond to adaptation limits depends on context specific circumstances, the rate and scale of climate changes 
and on the ability of societies to turn their adaptive capacity into effective adaptation responses. Adaptive capacity 
continues to differ between as well as within communities and societies (high confidence). People with highest 
exposure and vulnerability to current and future hazards from ocean and cryosphere changes are often also those 
with lowest adaptive capacity, particularly in low-lying islands and coasts, Arctic and high mountain regions with 
development challenges (high confidence). {2.3.1,  2.3.2,  2.3.7, Box  2.4,  3.5.2,  4.3.4,  4.4.2,  4.4.3,  5.5.2,  6.9, 
Cross-Chapter Boxes 2 and 3 in Chapter 1, Cross-Chapter Box 9}
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Strengthening Response Options

C.2  The far-reaching services and options provided by ocean and cryosphere-related ecosystems 
can be supported by protection, restoration, precautionary ecosystem-based management 
of renewable resource use, and the reduction of pollution and other stressors (high 
confidence). Integrated water management (medium confidence) and ecosystem-based 
adaptation (high confidence) approaches lower climate risks locally and provide 
multiple societal benefits. However, ecological, financial, institutional and governance 
constraints for such actions exist (high confidence), and in many contexts ecosystem-based 
adaptation will only be effective under the lowest levels of warming (high confidence). 
{2.3.1, 2.3.3, 3.2.4, 3.5.2, 3.5.4, 4.4.2, 5.2.2, 5.4.2, 5.5.1, 5.5.2, Figure SPM.5}

C.2.1   Networks of protected areas help maintain ecosystem services, including carbon uptake 
and storage, and enable future ecosystem-based adaptation options by facilitating the poleward and altitudinal 
movements of species, populations, and ecosystems that occur in response to warming and sea level rise (medium 
confidence). Geographic barriers, ecosystem degradation, habitat fragmentation and barriers to regional cooperation 
limit the potential for such networks to support future species range shifts in marine, high mountain and polar land 
regions (high confidence). {2.3.3, 3.2.3, 3.3.2, 3.5.4, 5.5.2, Box 3.4}

C.2.2   Terrestrial and marine habitat restoration, and ecosystem management tools such as assisted 
species relocation and coral gardening, can be locally effective in enhancing ecosystem-based adaptation (high 
confidence). Such actions are most successful when they are community-supported, are science-based whilst also 
using local knowledge and Indigenous knowledge, have long-term support that includes the reduction or removal of 
non-climatic stressors, and under the lowest levels of warming (high confidence). For example, coral reef restoration 
options may be ineffective if global warming exceeds  1.5ºC, because corals are already at high risk (very high 
confidence) at current levels of warming. {2.3.3, 4.4.2, 5.3.7, 5.5.1, 5.5.2, Box 5.5, Figure SPM.3}

C.2.3   Strengthening precautionary approaches, such as rebuilding overexploited or depleted 
fisheries, and responsiveness of existing fisheries management strategies reduces negative climate change impacts 
on fisheries, with benefits for regional economies and livelihoods (medium confidence). Fisheries management that 
regularly assesses and updates measures over time, informed by assessments of future ecosystem trends, reduces risks 
for fisheries (medium confidence) but has limited ability to address ecosystem change. {3.2.4, 3.5.2, 5.4.2, 5.5.2, 5.5.3, 
Figure SPM.5}

C.2.4   Restoration of vegetated coastal ecosystems, such as mangroves, tidal marshes and seagrass 
meadows (coastal ‘blue carbon’ ecosystems), could provide climate change mitigation through increased carbon 
uptake and storage of around 0.5% of current global emissions annually (medium confidence). Improved protection 
and management can reduce carbon emissions from these ecosystems. Together, these actions also have multiple 
other benefits, such as providing storm protection, improving water quality, and benefiting biodiversity and fisheries 
(high confidence). Improving the quantification of carbon storage and greenhouse gas fluxes of these coastal 
ecosystems will reduce current uncertainties around measurement, reporting and verification (high confidence). 
{Box 4.3, 5.4, 5.5.1, 5.5.2, Annex I: Glossary}

C.2.5   Ocean renewable energy can support climate change mitigation, and can comprise energy 
extraction from offshore winds, tides, waves, thermal and salinity gradient and algal biofuels. The emerging demand 
for alternative energy sources is expected to generate economic opportunities for the ocean renewable energy sector 
(high confidence), although their potential may also be affected by climate change (low confidence). {5.4.2, 5.5.1, 
Figure 5.23}
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C.2.6   Integrated water management approaches across multiple scales can be effective at 
addressing impacts and leveraging opportunities from cryosphere changes in high mountain areas. These approaches 
also support water resource management through the development and optimization of multi-purpose storage 
and release of water from reservoirs (medium confidence), with consideration of potentially negative impacts to 
ecosystems and communities. Diversification of tourism activities throughout the year supports adaptation in high 
mountain economies (medium confidence). {2.3.1, 2.3.5}

C.3  Coastal communities face challenging choices in crafting context-specific and integrated 
responses to sea level rise that balance costs, benefits and trade-offs of available options 
and that can be adjusted over time (high confidence). All types of options, including 
protection, accommodation, ecosystem-based adaptation, coastal advance and retreat, 
wherever possible, can play important roles in such integrated responses (high confidence). 
{4.4.2, 4.4.3, 4.4.4, 6.9.1, Cross-Chapter Box 9, Figure SPM.5}

C.3.1   The higher the sea levels rise, the more challenging is coastal protection, mainly due to 
economic, financial and social barriers rather than due to technical limits (high confidence). In the coming decades, 
reducing local drivers of exposure and vulnerability such as coastal urbanization and human-induced subsidence 
constitute effective responses (high confidence). Where space is limited, and the value of exposed assets is high 
(e.g.,  in cities), hard protection (e.g., dikes) is likely to be a cost-efficient response option during the 21st century 
taking into account the specifics of the context (high confidence), but resource-limited areas may not be able to 
afford such investments. Where space is available, ecosystem-based adaptation can reduce coastal risk and provide 
multiple other benefits such as carbon storage, improved water quality, biodiversity conservation and livelihood 
support (medium confidence). {4.3.2, 4.4.2, Box 4.1, Cross-Chapter Box 9, Figure SPM.5}

C.3.2   Some coastal accommodation measures, such as early warning systems and flood-proofing of 
buildings, are often both low cost and highly cost-efficient under current sea levels (high confidence). Under projected 
sea level rise and increase in coastal hazards some of these measures become less effective unless combined with 
other measures (high confidence). All types of options, including protection, accommodation, ecosystem-based 
adaptation, coastal advance and planned relocation, if alternative localities are available, can play important roles in 
such integrated responses (high confidence). Where the community affected is small, or in the aftermath of a disaster, 
reducing risk by coastal planned relocations is worth considering if safe alternative localities are available. Such 
planned relocation can be socially, culturally, financially and politically constrained (very high confidence). {4.4.2, 
Box 4.1, Cross-Chapter Box 9, SPM B.3}

C.3.3   Responses to sea level rise and associated risk reduction present society with profound 
governance challenges, resulting from the uncertainty about the magnitude and rate of future sea level rise, vexing 
trade-offs between societal goals (e.g., safety, conservation, economic development, intra- and inter-generational 
equity), limited resources, and conflicting interests and values among diverse stakeholders (high confidence). 
These challenges can be eased using locally appropriate combinations of decision analysis, land-use planning, 
public participation, diverse knowledge systems and conflict resolution approaches that are adjusted over time as 
circumstances change (high confidence). {Cross-Chapter Box 5 in Chapter 1, 4.4.3, 4.4.4, 6.9}

C.3.4   Despite the large uncertainties about the magnitude and rate of post 2050 sea level rise, many 
coastal decisions with time horizons of decades to over a century are being made now (e.g., critical infrastructure, 
coastal protection works, city planning) and can be improved by taking relative sea level rise into account, favouring 
flexible responses (i.e.,  those that can be adapted over time) supported by monitoring systems for early warning 
signals, periodically adjusting decisions (i.e., adaptive decision making), using robust decision-making approaches, 
expert judgement, scenario-building, and multiple knowledge systems (high confidence). The sea level rise range 
that needs to be considered for planning and implementing coastal responses depends on the risk tolerance of 
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stakeholders. Stakeholders with higher risk tolerance (e.g., those planning for investments that can be very easily 
adapted to unforeseen conditions) often prefer to use the likely range of projections, while stakeholders with a lower 
risk tolerance (e.g., those deciding on critical infrastructure) also consider global and local mean sea level above 
the upper end of the likely range (globally 1.1 m under RCP8.5 by 2100) and from methods characterised by lower 
confidence such as from expert elicitation. {1.8.1, 1.9.2, 4.2.3, 4.4.4, Figure 4.2, Cross-Chapter Box 5 in Chapter 1, 
Figure SPM.5, SPM B.3}

Sea level rise risk and responses

(b) Benefits of responses to sea level rise and mitigation

Risk for illustrative geographies based on mean sea level changes (medium confidence)

The term response is used here instead of adaptation because some responses, such as retreat, may or may not be considered to be adaptation.

Present day Future

Level of

risk related

to sea level

Risk reduction 
through mitigation

Total risk reduction
(mitigation + responses 
to sea level rise)

Risk delay through 
responses to sea level rise

Risk reduction 
through responses 
to sea level rise

Risk delay 
through mitigation

0.5

1.0

0

In this assessment, the term response refers to in situ responses to sea level rise (hard engineered coastal defenses, restoration of degraded ecosystems, 
subsidence limitation) and planned relocation. Planned relocation in this assessment refers to proactive managed retreat or resettlement only at a local scale, and 
according to the specificities of a particular context (e.g., in urban atoll islands: within the island, in a neighbouring island or in artificially raised islands). Forced 
displacement and international migration are not considered in this assessment.
The illustrative geographies are based on a limited number of case studies well covered by the peer reviewed literature. The realisation of risk will depend on 
context specifities.
Sea level rise scenarios: RCP4.5 and RCP6.0 are not considered in this risk assessment because the literature underpinning this assessment is only available for 
RCP2.6 and RCP8.5.
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Assessment 
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(RCP8.5)

Purple: Very high probability of severe impacts/risks 
and the presence of significant irreversibility or the 
persistence of climate-related hazards, combined with 
limited ability to adapt due to the nature of the hazard 
or impacts/risks.

Red: Significant and widespread impacts/risks.

Yellow: Impacts/risks are detectable and attributable 
to climate change with at least medium confidence.

White: Impacts/risks are undetectable.     
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(a) Risk in 2100 under different sea level rise and response scenarios

Levels of risk

Schematic illustration of risk reduction and the delay of 
a given risk level through responses to sea level rise 
and/or mitigation. The amount of risk reduction and 
delay depends on sea level and response scenarios and 
varies between contexts and localities. 

= In situ
    responses

= Planned 
    relocation

Figure SPM.5 |  a, b
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Responses Potential 
effectiveness

Hard 
protection

Coral 
conservation

Coral 
restoration

Wetland
conservation

Wetland
restoration

Sediment–
based 
protection

Advantages Co–benefits Drawbacks Economic
efficiency

Governance
challenges

Coastal 
advance

Coastal
accommodation

in terms of reducing 
sea level rise (SLR) risks 

(technical/biophysical limits)

Often unaffordable for 
poorer areas. Conflicts 
between objectives 
(e.g., conservation, 
safety and tourism), 
conflicts about the 
distribution of public 
budgets, lack of 
finance {4.3.3.2, 
4.4.2.2.6}

Permits for 
implementation are 
difficult to obtain. Lack 
of finance. Lack of 
enforcement of 
conservation policies. 
EbA options dismissed 
due to short–term 
economic interest, 
availability of land 
{4.4.2.3.6}

Often unaffordable for 
poorer areas. Social 
conflicts with regards 
to access and 
distribution of new 
land {4.4.2.4.6}

Very high if land prices 
are high as found in 
many urban coasts 
{4.4.2.4.7}

Groundwater salinisa–
tion, enhanced erosion 
and loss of coastal 
ecosystems and habitat 
{4.4.2.4.5}

Generates land and 
land sale revenues that 
can be used to finance 
adaptation {4.4.2.4.5}

Predictable levels of 
safety {4.4.2.2.4}

Up to multiple metres 
of SLR {4.4.2.2.4}

Early warning systems 
require effective insti–
tutional arrangements 
{4.4.2.6.6}

Very high for early 
warning systems and 
building–scale 
measures {4.4.2.5.7}

Does not prevent 
flooding/impacts 
{4.4.2.5.5}

Maintains landscape 
connectivity {4.4.2.5.5}

Mature technology; 
sediments deposited 
during floods can raise 
elevation {4.4.2.5.5}

Very effective for small 
SLR {4.4.2.5.4}

(Flood–proofing buildings, 
early warning systems for 
flood events, etc.)

Limited evidence on 
benefit–cost ratios;  
Depends on population 
density and the 
availability of land 
{4.4.2.3.7}

Safety levels less 
predictable, 
development benefits 
not realized {4.4.2.3.5, 
4.4.2.3.2}

Long–term 
effectiveness depends 
on ocean warming, 
acidification and 
emission scenarios 
{4.3.3.5.2., 4.4.2.3.2}

Safety levels less 
predictable, a lot of 
land required, barriers 
for landward expan–
sion of ecosystems has 
to be removed 
{4.4.2.3.5, 4.4.2.3.2}

Habitat gain,  
biodiversity,  carbon 
sequestration, income 
from tourism, 
enhanced fishery 
productivity, improved 
water quality. 
Provision of food, 
medicine, fuel, wood 
and cultural benefits 
{4.4.2.3.5}

Opportunity for 
community 
involvement,
{4.4.2.3.1}

Effective up to 
0.5 cm yr–¹ SLR. 
Strongly limited by 
ocean warming and 
acidification. 
Constrained at 1.5°C 
warming and lost at 
2°C at many places. 
{4.3.3.5.2, 4.4.2.3.2, 
5.3.4}

Effective up to 0.5–1 
cm yr–¹ SLR, 
decreased at 2°C 
{4.3.3.5.1, 4.4.2.3.2, 
5.3.7}

(Marshes, 
Mangroves) 

(Marshes, 
Mangroves) 

High if the value 
of assets behind 
protection is high, as 
found in many urban 
and densely populated 
coastal areas 
{4.4.2.2.7}

Destruction of habitat 
through coastal 
squeeze, flooding & 
erosion downdrift, 
lock–in, disastrous 
consequence in case 
of defence failure 
{4.3.2.4, 4.4.2.2.5}

Predictable levels of 
safety {4.4.2.2.4}

Multifunctional dikes 
such as for recreation, 
or other land use 
{4.4.2.2.5}

Up to multiple metres 
of SLR  {4.4.2.2.4}

Effective but depends 
on sediment availability 
{4.4.2.2.4}

High flexibility 
{4.4.2.2.4}

Preservation of 
beaches for recreation/ 
tourism {4.4.2.2.5}

Destruction of habitat, 
where sediment is 
sourced {4.4.2.2.5}

High if tourism 
revenues are high 
{4.4.2.2.7}

Conflicts about the 
distribution of public 
budgets {4.4.2.2.6}

Confidence levels (assessed for effectiveness):
The table illustrates responses and their characteristics. It is not exhaustive. Whether a response is applicable depends on geography and context.

= Low= Medium= High= Very High

(c) Responses to rising mean and extreme sea levels

Enabling conditionsGeneric steps of adaptive decision making

(d) Choosing and enabling sea level rise responses

Implementation Monitoring and
corrective action 

Stage setting Dynamic plan • Long–term perspective 

• Cross–scale coordination 

• Address vulnerability and equity 

• Inclusive public participation 

• Capability to address complexity 

Identify risks, 
objectives, options, 
uncertainties and 
criteria for evaluating 
options 

Develop initial plan 
(combinations of options over 
time) plus corrective actions 
to be carried out based on 
observed situation

of initial plan and 
monitoring system 
for progressing 
change and success 

Monitor and take 
corrective action upon 
observed situation

Re
tr

ea
t

Ec
os

ys
te

m
 b

as
ed

 a
da

pt
at

io
n

Planned
relocation

Forced
displacement

Reconciling the 
divergent interests 
arising from relocating 
people from point of 
origin and destination 
{4.4.2.6.6}

Raises complex 
humanitarian 
questions on 
livelihoods, human 
rights and equity 
{4.4.2.6.6}

Limited evidence 
[4.4.2.6.7}

Loss of social cohesion, 
cultural identity and 
well–being. Depressed 
services (health, 
education, housing), 
job opportunities and 
economic growth 
{4.4.2.6.5}
    

Range from loss of life 
to loss of livelihoods 
and sovereignty 
{4.4.2.6.5}

Access to improved 
services (health, 
education, housing), 
job opportunities and 
economic growth 
{4.4.2.6.5}

Sea level risks  at 
origin can be 
eliminated {4.4.2.6.4}

Effective if alternative 
safe localities are 
available {4.4.2.6.4}

Addresses only 
immediate risk at place 
of origin

Not applicableNot applicable Not applicable

(beyond risk reduction)

Figure SPM.5 |  c, d 
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Figure SPM.5 |  Sea level rise risks and responses. The term response is used here instead of adaptation because some responses, such as retreat, 
may or may not be considered to be adaptation. (a) shows the combined risk of coastal flooding, erosion and salinization for illustrative geographies 
in 2100, due to changing mean and extreme sea levels under RCP2.6 and RCP8.5 and under two response scenarios. Risks under RCPs 4.5 and 6.0 
were not assessed due to a lack of literature for the assessed geographies. The assessment does not account for changes in extreme sea level beyond 
those directly induced by mean sea level rise; risk levels could increase if other changes in extreme sea levels were considered (e.g., due to changes 
in cyclone intensity). Panel a) considers a socioeconomic scenario with relatively stable coastal population density over the century. {SM4.3.2} Risks to 
illustrative geographies have been assessed based on relative sea level changes projected for a set of specific examples: New York City, Shanghai and 
Rotterdam for resource-rich coastal cities covering a wide range of response experiences; South Tarawa, Fongafale and Male’ for urban atoll islands; 
Mekong and Ganges-Brahmaputra-Meghna for large tropical agricultural deltas; and Bykovskiy, Shishmaref, Kivalina, Tuktoyaktuk and Shingle Point 
for Arctic communities located in regions remote from rapid glacio-isostatic adjustment. {4.2, 4.3.4, SM4.2} The assessment distinguishes between 
two contrasting response scenarios. “No-to-moderate response” describes efforts as of today (i.e.,  no further significant action or new types of 
actions). “Maximum potential response” represents a combination of responses implemented to their full extent and thus significant additional efforts 
compared to today, assuming minimal financial, social and political barriers. The assessment has been conducted for each sea level rise and response 
scenario, as indicated by the burning embers in the figure; in-between risk levels are interpolated. {4.3.3} The assessment criteria include exposure 
and vulnerability (density of assets, level of degradation of terrestrial and marine buffer ecosystems), coastal hazards (flooding, shoreline erosion, 
salinization), in-situ responses (hard engineered coastal defenses, ecosystem restoration or creation of new natural buffers areas, and subsidence 
management) and planned relocation. Planned relocation refers to managed retreat or resettlement as described in Chapter 4, i.e., proactive and 
local-scale measures to reduce risk by relocating people, assets and infrastructure. Forced displacement is not considered in this assessment. Panel (a) 
also highlights the relative contributions of in-situ responses and planned relocation to the total risk reduction. (b) schematically illustrates the risk 
reduction (vertical arrows) and risk delay (horizontal arrows) through mitigation and/or responses to sea level rise. (c) summarizes and assesses 
responses to sea level rise in terms of their effectiveness, costs, co-benefits, drawbacks, economic efficiency and associated governance challenges. 
{4.4.2} (d) presents generic steps of an adaptive decision-making approach, as well as key enabling conditions for responses to sea level rise. 
{4.4.4, 4.4.5}

Enabling Conditions

C.4  Enabling climate resilience and sustainable development depends critically on urgent 
and ambitious emissions reductions coupled with coordinated sustained and increasingly 
ambitious adaptation actions (very high confidence). Key enablers for implementing effective 
responses to climate-related changes in the ocean and cryosphere include intensifying 
cooperation and coordination among governing authorities across spatial scales and planning 
horizons. Education and climate literacy, monitoring and forecasting, use of all available 
knowledge sources, sharing of data, information and knowledge, finance, addressing social 
vulnerability and equity, and institutional support are also essential. Such investments 
enable capacity-building, social learning, and participation in context-specific adaptation, as 
well as the negotiation of trade-offs and realisation of co-benefits in reducing short-term 
risks and building long-term resilience and sustainability. (high confidence). This report 
reflects the state of science for ocean and cryosphere for low levels of global warming 
(1.5ºC), as also assessed in earlier IPCC and IPBES reports. {1.1,  1.5,  1.8.3,  2.3.1,  2.3.2,  2.4, 
Figure 2.7, 2.5, 3.5.2, 3.5.4, 4.4, 5.2.2, Box 5.3, 5.4.2, 5.5.2, 6.4.3, 6.5.3, 6.8, 6.9, Cross-Chapter 
Box 9, Figure SPM.5}

C.4.1   In light of observed and projected changes in the ocean and cryosphere, many nations will 
face challenges to adapt, even with ambitious mitigation (very high confidence). In a high emissions scenario, many 
ocean- and cryosphere-dependent communities are projected to face adaptation limits (e.g. biophysical, geographical, 
financial, technical, social, political and institutional) during the second half of the 21st century. Low emission 
pathways, for comparison, limit the risks from ocean and cryosphere changes in this century and beyond and enable 
more effective responses (high confidence), whilst also creating co-benefits. Profound economic and institutional 
transformative change will enable Climate Resilient Development Pathways in the ocean and cryosphere context 
(high confidence). {1.1, 1.4–1.7, Cross-Chapter Boxes 1–3 in Chapter 1, 2.3.1, 2.4, Box 3.2, Figure 3.4, Cross-Chapter 
Box 7  in Chapter 3, 3.4.3, 4.2.2, 4.2.3, 4.3.4, 4.4.2, 4.4.3, 4.4.6, 5.4.2, 5.5.3, 6.9.2, Cross-Chapter Box 9, Figure 
SPM.5}

C.4.2   Intensifying cooperation and coordination among governing authorities across scales, 
jurisdictions, sectors, policy domains and planning horizons can enable effective responses to changes in the ocean, 
cryosphere and to sea level rise (high confidence). Regional cooperation, including treaties and conventions, can 
support adaptation action; however, the extent to which responding to impacts and losses arising from changes 
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in the ocean and cryosphere is enabled through regional policy frameworks is currently limited (high confidence). 
Institutional arrangements that provide strong multiscale linkages with local and Indigenous communities benefit 
adaptation (high confidence). Coordination and complementarity between national and transboundary regional 
policies can support efforts to address risks to resource security and management, such as water and fisheries 
(medium confidence). {2.3.1, 2.3.2, 2.4, Box 2.4, 2.5, 3.5.2, 3.5.3, 3.5.4, 4.4.4, 4.4.5, Table 4.9, 5.5.2, 6.9.2}

C.4.3   Experience to date – for example, in responding to sea level rise, water-related risks in some 
high mountains, and climate change risks in the Arctic – also reveal the enabling influence of taking a long-term 
perspective when making short-term decisions, explicitly accounting for uncertainty of context-specific risks 
beyond 2050 (high confidence), and building governance capabilities to tackle complex risks (medium confidence). 
{2.3.1, 3.5.4, 4.4.4, 4.4.5, Table 4.9, 5.5.2, 6.9, Figure SPM.5}

C.4.4   Investments in education and capacity building at various levels and scales facilitates 
social learning and long-term capability for context-specific responses to reduce risk and enhance resilience (high 
confidence). Specific activities include utilization of multiple knowledge systems and regional climate information 
into decision making, and the engagement of local communities, Indigenous peoples, and relevant stakeholders in 
adaptive governance arrangements and planning frameworks (medium confidence). Promotion of climate literacy and 
drawing on local, Indigenous and scientific knowledge systems enables public awareness, understanding and social 
learning about locality-specific risk and response potential (high confidence). Such investments can develop, and in 
many cases transform existing institutions and enable informed, interactive and adaptive governance arrangements 
(high confidence). {1.8.3, 2.3.2, Figure 2.7, Box 2.4, 2.4, 3.5.2, 3.5.4, 4.4.4, 4.4.5, Table 4.9, 5.5.2, 6.9}

C.4.5   Context-specific monitoring and forecasting of changes in the ocean and the cryosphere 
informs adaptation planning and implementation, and facilitates robust decisions on trade-offs between short- and 
long-term gains (medium confidence). Sustained long-term monitoring, sharing of data, information and knowledge 
and improved context-specific forecasts, including early warning systems to predict more extreme El Niño/La Niña 
events, tropical cyclones, and marine heatwaves, help to manage negative impacts from ocean changes such as losses 
in fisheries, and adverse impacts on human health, food security, agriculture, coral reefs, aquaculture, wildfire, tourism, 
conservation, drought and flood (high confidence). {2.4, 2.5, 3.5.2, 4.4.4, 5.5.2, 6.3.1, 6.3.3, 6.4.3, 6.5.3, 6.9}

C.4.6   Prioritising measures to address social vulnerability and equity underpins efforts to promote 
fair and just climate resilience and sustainable development (high confidence), and can be helped by creating safe 
community settings for meaningful public participation, deliberation and conflict resolution (medium confidence). 
{Box 2.4, 4.4.4, 4.4.5, Table 4.9, Figure SPM.5}

C.4.7   This assessment of the ocean and cryosphere in a changing climate reveals the benefits of 
ambitious mitigation and effective adaptation for sustainable development and, conversely, the escalating costs and 
risks of delayed action. The potential to chart Climate Resilient Development Pathways varies within and among 
ocean, high mountain and polar land regions. Realising this potential depends on transformative change. This 
highlights the urgency of prioritising timely, ambitious, coordinated and enduring action (very high confidence). 
{1.1, 1.8, Cross-Chapter Box 1 in Chapter 1, 2.3, 2.4, 3.5, 4.2.1, 4.2.2, 4.3.4, 4.4, Table 4.9, 5.5, 6.9, Cross-Chapter 
Box 9, Figure SPM.5}
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This glossary is compiled according to the Lead Authors 
of the Report drawing on glossaries and other resources 
available on the websites of the following organizations, 
networks and projects: Intergovernmental Panel on Climate 
Change, United Nations Environment Programme, United 
Nations Framework Convention on Climate Change and 
World Resources Institute.

Baseline/reference: The state against which change is 
measured. In the context of transformation pathways, the 
term ‘baseline scenarios’ refers to scenarios that are based 
on the assumption that no mitigation policies or measures will 
be implemented beyond those that are already in force and/or 
are legislated or planned to be adopted. Baseline scenarios 
are not intended to be predictions of the future, but rather 
counterfactual constructions that can serve to highlight the 
level of emissions that would occur without further policy 
effort. Typically, baseline scenarios are then compared 
to mitigation scenarios that are constructed to meet 
different goals for greenhouse gas emissions, atmospheric 
concentrations or temperature change. The term ‘baseline 
scenario’ is used interchangeably with ‘reference scenario’ 
and ‘no policy scenario’. In much of the literature the term 
is also synonymous with the term ‘business as usual (BAU) 
scenario’, although the term ‘BAU’ has fallen out of favour 
because the idea of ‘business as usual’ in century-long 
socioeconomic projections is hard to fathom.

Bioenergy: Energy derived from any form of biomass such 
as recently living organisms or their metabolic by-products.

Cancun Pledge: During 2010, many countries submitted their 
existing plans for controlling greenhouse gas emissions to 
the Climate Change Secretariat and these proposals were 
formally acknowledged under the United Nations Framework 
Convention on Climate Change (UNFCCC). Developed 
countries presented their plans in the shape of economy-
wide targets to reduce emissions, mainly up to 2020, while 
developing countries proposed ways to limit their growth of 
emissions in the shape of plans of action.

Carbon dioxide emission budget (or carbon budget): For 
a given temperature rise limit, for example a 1.5°C or 2°C 
long-term limit, the corresponding carbon budget reflects 
the total amount of carbon emissions that can be emitted 
for temperatures to stay below that limit. Stated differently, 
a carbon budget is the area under a carbon dioxide (CO2)

emission trajectory that satisfies assumptions about limits 
on cumulative emissions estimated to avoid a certain level of 
global mean surface temperature rise.

Carbon dioxide equivalent (CO2e): A way to place emissions 
of various radiative forcing agents on a common footing 
by accounting for their effect on climate. It describes, for a 
given mixture and amount of greenhouse gases, the amount 
of CO2 that would have the same global warming ability, when 
measured over a specified time period. For the purpose of 
this report, greenhouse gas emissions (unless otherwise 
specified) are the sum of the basket of greenhouse gases 
listed in Annex A to the Kyoto Protocol, expressed as CO2e 
assuming a 100-year global warming potential.

Carbon intensity: The amount of emissions of CO2 released 
per unit of another variable such as gross domestic product, 
output energy use, transport or agricultural/forestry products.

Carbon offset: See Offset.

Carbon price: The price for avoided or released CO2 or 
CO2e emissions. This may refer to the rate of a carbon tax 
or the price of emission permits. In many models that are 
used to assess the economic costs of mitigation, carbon 
prices are used as a proxy to represent the level of effort in 
mitigation policies.

Carbon tax: A levy on the carbon content of fossil fuels. 
Because virtually all of the carbon in fossil fuels is ultimately 
emitted as CO2, a carbon tax is equivalent to an emission tax 
on CO2 emissions.

Co-benefits: The positive effects that a policy or measure 
aimed at one objective might have on other objectives, 
without yet evaluating the net effect on overall social 
welfare. Co-benefits are often subject to uncertainty 
and depend on, among others, local circumstances and 
implementation practices. Co-benefits are often referred to 
as ancillary benefits.

Conditional NDC: NDC proposed by some countries that are 
contingent on a range of possible conditions, such as the 
ability of national legislatures to enact the necessary laws, 
ambitious action from other countries, realization of finance 
and technical support, or other factors.
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Conference of the Parties (COP): The supreme body of 
the United Nations Framework Convention on Climate 
Change. It currently meets once a year to review the 
Convention’s progress.

Current policy trajectory: This trajectory is based on 
estimates of 2020 emissions considering projected economic 
trends and current policy approaches including policies at 
least through 2015. Estimates may be based on either official 
data or independent analysis.

Deforestation: Conversion of forest to non-forest.

Economic mitigation potential: The mitigation potential, 
which takes into account social costs and benefits and social 
discount rates, assuming that market efficiency is improved 
by policies and measures and barriers are removed.

Emissions gap: The difference between the greenhouse 
gas emission levels consistent with a specific probability 
of limiting the mean global temperature rise to below 2°C 
or 1.5°C in 2100 above pre-industrial levels and the GHG 
emission levels consistent with the global effect of the NDCs, 
assuming full implementation from 2020.

Emission pathway: The trajectory of annual greenhouse gas 
emissions over time.

Fiscal measure: Fiscal, monetary or regulatory intervention 
by a government to reinvigorate economic activity in response 
to a crisis. 

Global warming potential: An index representing the 
combined effect of the differing times greenhouse gases 
remain in the atmosphere and their relative effectiveness in 
absorbing outgoing infrared radiation.

Greenhouse gases: The atmospheric gases responsible 
for causing global warming and climatic change. The major 
greenhouse gases are carbon dioxide (CO2), methane (CH4) 
and nitrous oxide (N2O). Less prevalent, but very powerful, 
GHGs are hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs) and sulphur hexafluoride (SF6).

Integrated assessment models: Models that seek to 
combine knowledge from multiple disciplines in the form 
of equations and/or algorithms in order to explore complex 
environmental problems. As such, they describe the full chain 
of climate change, from production of greenhouse gases to 
atmospheric responses. This necessarily includes relevant 
links and feedbacks between socioeconomic and biophysical 
processes.

Intended nationally determined contributions: INDCs are 
submissions from countries describing the national actions 
that they intend to take to reach the Paris Agreement’s long-
term temperature goal of limiting warming to well below 2°C. 
Once a country has ratified the Paris Agreement, its INDC 
is automatically converted to its NDC (see below), unless it 

chooses to further update it. INDCs are thus only used in this 
publication in reference to countries that have not yet ratified 
the Paris Agreement.

Kigali Amendment: The Kigali Amendment to the Montreal 
Protocol on Substances that Deplete the Ozone Layer aims 
for the phase-down of hydrofluorocarbons (HFCs) by cutting 
their production and consumption.

Kyoto Protocol: An international agreement, standing on 
its own, and requiring separate ratification by governments, 
but linked to the UNFCCC. The Kyoto Protocol, among other 
things, sets binding targets for the reduction of greenhouse 
gas emissions by industrialized countries.

Land use, land-use change and forestry  (LULUCF): A 
greenhouse gas inventory sector that covers emissions and 
removals of greenhouse gases resulting from direct human-
induced land use, land-use change and forestry activities.

Likely chance: A likelihood greater than 66 per cent chance. 
Used in this assessment to convey the probabilities of 
meeting temperature limits.

Lock-in: Lock-in occurs when a market is stuck with a 
standard even though participants would be better off with 
an alternative.

Mitigation: In the context of climate change, a human 
intervention to reduce the sources, or enhance the sinks of 
greenhouse gases. Examples include using fossil fuels more 
efficiently for industrial processes or electricity generation, 
switching to solar energy or wind power, improving the 
insulation of buildings and expanding forests and other ‘sinks’ 
to remove greater amounts of CO2 from the atmosphere.

Monetary measure: Central bank and/or government action 
to adjust the supply of money and credit, often facilitated by 
altering rates of interest. 

Monitoring, reporting and verification: A process/concept 
that potentially supports greater transparency in the climate 
change regime.

Nationally determined contributions: Submissions by 
countries that have ratified the Paris Agreement which 
presents their national efforts to reach the Paris Agreement’s 
long-term temperature goal of limiting warming to well below 
2°C. New or updated NDCs are to be submitted in 2020 and 
every five years thereafter. NDCs thus represent a country’s 
current ambition/target for reducing emissions nationally.

Non-State and subnational actors: ‘Non-State and 
subnational actors’ includes companies, cities, subnational 
regions and investors that take or commit to climate action.

Offset (in climate policy): A unit of CO2e emissions that 
is reduced, avoided, or sequestered to compensate for 
emissions occurring elsewhere.
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Recovery-type measure: Fiscal, monetary or regulatory 
intervention by a government to reinvigorate economic 
activity in response to a crisis. 

Rescue-type measure: Immediate fiscal, monetary or 
regulatory intervention by a government to protect citizens’ 
lives and socioeconomic well-being and/or to provide 
emergency support to businesses and the economy in 
response to a crisis. 

Scenario: A description of how the future may unfold based 
on ‘if-then’ propositions. Scenarios typically include an initial 
socioeconomic situation and a description of the key driving 
forces and future changes in emissions, temperature or other 
climate change-related variables.

Shared Socioeconomic Pathways (SSP): Scenarios of 
projected socioeconomic global changes up to 2100. They 
are used to derive greenhouse gas emissions scenarios 
associated with different climate policies scenarios.

Short-lived climate forcer: Compounds in the atmosphere 
that cause warming and have lifetimes roughly below 20 
years, including black carbon, ozone, methane and many 
hydrofluorocarbons. 

Source: Any process, activity or mechanism that releases a 
greenhouse gas, an aerosol or a precursor of a greenhouse 
gas or aerosol into the atmosphere.
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As the world deals with the ongoing impacts of the COVID-19 
pandemic, the climate crisis has not gone away. Greenhouse 
gas (GHG) emissions hit a new high in 2019. The year 2020 
is on course to be the warmest on record. Wildfires, storms 
and droughts continue to wreak havoc while glaciers melt at 
unprecedented rates.

The pandemic-linked economic slowdown is expected to 
cause a drop of up to 7 per cent in carbon dioxide emissions 
this year. However, as the UNEP Emissions Gap Report 2020 
shows, this dip will have an insignificant impact on the Paris 
Agreement goal of limiting global warming to well below 
2°C, and pursuing 1.5°C, unless the international community 
prioritizes a green recovery. The report says that the expected 
2020 fall in emissions translates to a 0.01°C reduction of 
global warming by 2050. Overall, we are heading for a world 
that is 3.2°C warmer by the end of this century, even with 
full implementation of unconditional nationally determined 
contributions (NDCs) under the Paris Agreement.

There is good news in the finding that a green pandemic 
recovery could shave up to 25 per cent off the emissions 
we would expect to see in 2030 with implementation of 
unconditional NDCs – bringing the world close to the 2°C 
pathway. The report identifies recovery measures to deliver 
these cuts while supporting other environmental, social 
and economic goals. These include direct support for 
zero-emissions technologies and infrastructure, reducing 
fossil fuel subsidies, and backing nature-based solutions – 
including large-scale landscape restoration and reforestation.

Some G20 members have already announced green recovery 
measures. Yet COVID-19 fiscal spending, as at October 2020, 
had overwhelmingly supported the status quo or fostered 
new high-carbon investments. While there have also been 
stronger pledges on climate – including China targeting 

carbon neutrality by 2060, South Africa by 2050, and the 
Japanese and European Union net-zero GHG target of mid-
century – they are yet to be reflected in updated NDCs. 
Governments must go greener in the next stage of COVID-19 
fiscal interventions and increase their NDC ambitions in 2021.

The report finds that stronger action must include facilitating, 
encouraging and mandating changes in consumption 
behaviour by individuals and the private sector – enabling 
consumers to avoid high-carbon consumption by, for 
example, redesigning cities, making housing more efficient 
and promoting better, less wasteful diets. The wealthy 
bear the greatest responsibility in this area. The combined 
emissions of the richest 1 per cent of the global population 
account for more than twice the combined emissions of 
the poorest 50 per cent. This elite will need to reduce their 
footprint by a factor of 30 to stay in line with the Paris 
Agreement targets. 

The pandemic is a warning that we must urgently shift from 
our destructive development path, which is driving the three 
planetary crises of climate change, nature loss and pollution. 
But it is clearly also a major opportunity. I urge governments, 
businesses and individuals – particularly those with the 
greatest climate footprint – to take this opportunity to 
protect our climate and nature for decades to come. 

Inger Andersen

Executive Director 
United Nations Environment Programme

327  



XIV

Emissions Gap Report 2020

Executive summary –
Emissions Gap Report 2020

Introduction

This eleventh edition of the United Nations Environment 
Programme (UNEP) Emissions Gap Report has been 
produced in a year where the COVID-19 crisis has dominated 
the news and policymaking and has caused immense 
suffering and economic and social disruption worldwide. 
This economic disruption has briefly slowed – but far 
from eliminated – the historic and ever-increasing burden 
of human activity on the Earth’s climate. This burden is 
observable in the continuing rise in extreme weather events, 
including wildfires and hurricanes, and in the melting of 
glaciers and ice at both poles. The year 2020 has set new 
records – they will not be the last.

As in previous years, this report assesses the gap between 
estimated future global greenhouse gas (GHG) emissions if 
countries implement their climate mitigation pledges and 
the global emission levels from least-cost pathways that are 
aligned with achieving the temperature goals of the Paris 
Agreement. This difference between “where we are likely to 
be and where we need to be” is known as the ‘emissions gap’. 

The report also examines two areas that are highly relevant 
for bridging the gap and which have become even more 
relevant in the wake of the COVID-19 pandemic: the shipping 
and aviation sectors, where international emissions are not 
covered by nationally determined contributions (NDCs), and 
lifestyle change. 

Reflecting the unusual circumstances, the 2020 report 
deviates from its usual approach of exclusively considering 
consolidated data from previous years as the basis for 
assessment. To maximize its policy relevance, preliminary 
assessments of the implications of the pandemic and 
associated rescue and recovery measures are included 
throughout the report. 

Are we on track to bridging the gap? Absolutely not. 

Although 2020 emissions will be lower than in 2019 due 
to the COVID-19 crisis and associated responses, GHG 
concentrations in the atmosphere continue to rise, with 
the immediate reduction in emissions expected to have a 
negligible long-term impact on climate change. However, 
the unprecedented scale of COVID-19 economic recovery 
measures presents the opening for a low-carbon transition 
that creates the structural changes required for sustained 
emissions reductions. Seizing this opening will be critical to 
bridging the emissions gap.

The United Nations Secretary-General is calling on 
governments to use COVID-19 recovery as an opportunity 
to create more sustainable, resilient and inclusive 
societies. Aligned with this, the United Nations Framework 
Convention on Climate Change (UNFCCC) has stressed 
that governments could integrate and specify some of their 
post-COVID-19 recovery plans and policies in their new or 
updated NDCs and long-term mitigation strategies, both of 
which countries are requested to submit in 2020.

The most significant and encouraging development in terms 
of climate policy in 2020 is the growing number of countries 
that have committed to achieving net-zero emissions goals 
by around mid-century. These commitments are broadly 
consistent with the Paris Agreement temperature goal, 
provided they are achieved globally. The litmus test of 
these announcements will be the extent to which they are 
reflected in near-term policy action and in significantly more 
ambitious NDCs for the period to 2030.

As in previous years, the 2020 Emissions Gap Report has 
been guided by a distinguished steering committee and 
prepared by an international team of leading scientists, 
assessing all available information, including that published 
in the context of the Intergovernmental Panel on Climate 
Change (IPCC) reports, as well as in other recent scientific 
studies. The assessment process has been transparent and 
participatory. The assessment methodology and preliminary 
findings were made available to the governments of the 
countries specifically mentioned in the report to provide 
them with the opportunity to comment on the findings.

1. GHG emissions continued to increase 
in 2019.

 ▶ Global GHG emissions continued to grow for the 
third consecutive year in 2019, reaching a record 
high of 52.4 GtCO2e (range: ±5.2) without land-use 
change (LUC) emissions and 59.1 GtCO2e (range: 
±5.9) when including LUC. 

 ▶ Fossil carbon dioxide (CO2) emissions (from 
fossil fuels and carbonates) dominate total 
GHG emissions including LUC (65 per cent) and 
consequently the growth in GHG emissions. 
Preliminary data suggest that fossil CO2 emissions 
reached a record 38.0 GtCO2 (range: ±1.9) in 2019.

 ▶ Since 2010, GHG emissions without LUC have 
grown at 1.3 per cent per year on average, with 

Executive summary
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preliminary data suggesting a 1.1 per cent increase 
in 2019. When including the more uncertain and 
variable LUC emissions, global GHG emissions 
have grown 1.4 per cent per year since 2010 on 
average, with a more rapid increase of 2.6 per 
cent in 2019 due to a large increase in vegetation 
forest fires. LUC emissions account for around 
11 per cent of the global total, with the bulk of the 
emissions occurring in relatively few countries. 

 ▶ Over the last decade, the top four emitters (China, 
the United States of America, EU27+UK and India) 
have contributed to 55 per cent of the total GHG 
emissions without LUC. The top seven emitters 
(including the Russian Federation, Japan and 
international transport) have contributed to 65 
per cent, with G20 members accounting for 
78 per cent. The ranking of countries changes 
dramatically when considering per capita 
emissions (figure ES.2). 

 ▶ There is some indication that the growth in global 
GHG emissions is slowing. However, GHG emissions 
are declining in Organisation of Economic Co-
operation and Development (OECD) economies and 

increasing in non-OECD economies. Many OECD 
economies have had a peak in GHG emissions, with 
efficiency improvements and growth in low-carbon 
energy sources more than offsetting the growth 
in economic activity. Despite improving energy 
efficiency and increasing low-carbon sources, 
emissions continue to rise in countries with strong 
growth in energy use to meet development needs.

 ▶ There is a general tendency that rich countries have 
higher consumption-based emissions (emissions 
allocated to the country where goods are 
purchased and consumed, rather than where they 
are produced) than territorial-based emissions, as 
they typically have cleaner production, relatively 
more services and more imports of primary and 
secondary products. In the 2000s, the gap between 
consumption and production was growing in rich 
countries but stabilized following the 2007–2008 
global financial crisis. Even though rich countries 
have had higher consumption-based emissions 
than territorial-based emissions over the last 
decade, both emission types have declined at 
similar rates.

Figure ES.1. Global GHG emissions from all sources
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2. CO2 emissions could decrease by about 
7 per cent in 2020 (range: 2–12 per cent) 
compared with 2019 emission levels due 
to COVID-19, with a smaller drop expected 
in GHG emissions as non-CO2 is likely to 
be less affected. However, atmospheric 
concentrations of GHGs continue to rise.

 ▶ The reduction in GHG emissions in 2020 due to 
COVID-19 is likely to be significantly larger than the 
1.2 per cent reduction during the global financial 
crisis in the late 2000s. Studies indicate that the 
biggest changes have occurred in transport, 

as COVID-19 restrictions were targeted to limit 
mobility, though reductions have also occurred in 
other sectors (figure ES.3).

 ▶ Although CO2 emissions will decrease in 2020, the 
resulting atmospheric concentrations of major 
GHGs (CO2, methane (CH4) and nitrous oxide (N2O)) 
continued to increase in both 2019 and 2020. 
Sustained reductions in emissions to reach net-
zero CO2 are required to stabilize global warming, 
while achieving net-zero GHG emissions will result 
in a peak then decline in global warming.

329  



XVI

Emissions Gap Report 2020

Figure ES.2. Absolute GHG emissions of the top six emitters (excluding LUC emissions) and international transport (left) 
and per capita emissions of the top six emitters and the global average (right) 

20191990 2000 2010 20191990 2000 2010
0

3

6

9

12

15

0

5

10

15

20

25

ChinaChina

RussiaRussia

USAUSA

Int. transportInt. transport
JapanJapan

IndiaIndia
EU27+UKEU27+UK

GlobalGlobal

G
re

en
ho

us
e 

ga
s 

em
is

si
on

s 
(G

tC
O

2e
)

Pe
r c

ap
ita

 e
m

is
si

on
s 

(tC
O2

e/
ca

pi
ta

)

3. The COVID-19 crisis offers only a short-
term reduction in global emissions and will 
not contribute significantly to emissions 
reductions by 2030 unless countries pursue 
an economic recovery that incorporates 
strong decarbonization. 

 ▶ Assessments of the implications of the COVID-19 
pandemic and associated recovery measures 
on emissions by 2030 are still few and highly 
uncertain. However, this report provides explorative 
projections based on available studies (figure ES.4). 

 ▶ The impact of the general slowdown of the economy 
due to the COVID-19 pandemic and associated 
rescue and recovery responses is expected to 
reduce global GHG emissions by about 2–4 GtCO2e 
by 2030 compared with the pre-COVID-19 current 
policies scenario (figure ES.4 – current trends 
scenario). This assumes a pronounced short-term 
dip in CO2 emissions, after which emissions follow 
pre-2020 growth trends. 

 ▶ If the initial short-term dip in CO2 emissions 
is followed by growth trends with lower 
decarbonization rates due to countries’ potential 
rollback of climate policies as part of COVID-19 
responses, the decrease in global emissions by 
2030 is projected to be significantly smaller at 
around 1.5 GtCO2e and may actually increase 

by around 1 GtCO2e (figure ES.4 – rebound to 
fossil fuels second-hit and single-hit scenarios, 
respectively) compared with the pre-COVID-19 
current policies scenario.

 ▶ Global GHG emissions are only projected to be 
significantly reduced by 2030 if COVID-19 economic 
recovery is used as an opening to pursue strong 
decarbonization (figure ES.4 – IEA sustainable 
recovery scenario). This could result in global GHG 
emissions of 44 GtCO2e by 2030, a reduction of 15 
GtCO2e ( just over 25 per cent) by 2030 compared 
with the pre-COVID-19 current policies scenario. 

 ▶ There is a significant opportunity for countries 
to integrate low-carbon development in their 
COVID-19 rescue and recovery measures, and to 
incorporate these into new or updated NDCs and 
long-term mitigation strategies that are scheduled 
to be available in time for the reconvened twenty-
sixth session of the Conference of the Parties 
(COP 26) in 2021.
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4. The growing number of countries that are 
committing to net-zero emissions goals by 
around mid-century is the most significant 
and encouraging climate policy development 
of 2020. To remain feasible and credible, it 
is imperative that these commitments are 
urgently translated into strong near-term 
policies and action, and are reflected in 
the NDCs.

 ▶ At the time of completing this report, 126 countries 
covering 51 per cent of global GHG emissions 
have net-zero goals that are formally adopted, 
announced or under consideration. If the United 
States of America adopts a net-zero GHG target 
by 2050, as suggested in the Biden-Harris climate 
plan, the share would increase to 63 per cent. 

 ▶ The following G20 members have net-zero 
emissions goals: France and the United Kingdom, 
which have legally enshrined their 2050 net-zero 
GHG emissions goals; the European Union, which 
aims to achieve net-zero GHG emissions by 2050; 
China, which announced plans to achieve carbon 
neutrality before 2060; Japan, which announced 
a goal of net-zero GHG emissions by 2050; 
the Republic of Korea , the president of which 
committed the country to becoming carbon neutral 
by 2050 in a speech to parliament; Canada, which 
has indicated its intention to legislate a goal of net-
zero emissions (though it is unclear if this refers 
to just CO2 or all GHGs) by 2050; South Africa , 
which aims to achieve net-zero carbon emissions 
by 2050; and Argentina and Mexico, which are 
both part of the UNFCCC Climate Ambition Alliance 
working towards net-zero emissions by 2050. 

Figure ES.3. Reduction in emissions in 2020 relative to 2019 levels due to COVID-19 lockdowns
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 ▶ There has been limited progress of G20 members 
in terms of providing formal submissions to the 
UNFCCC by 2020 of mid-century, long-term low 
GHG emission development strategies and new 
or updated NDCs. As at mid-November 2020, 
nine G20 members (Canada, the European Union, 
France, Germany, Japan, Mexico, South Africa, the 
United Kingdom and the United States of America) 
have submitted long-term low GHG development 
strategies to the UNFCCC, all of which were 
submitted before net-zero emissions goals were 
adopted. No G20 member has officially submitted 
a new or updated NDC target. 

 ▶ Although the recent announcements of net-
zero emissions goals are very encouraging, 
they highlight the vast discrepancy between 
the ambitiousness of these goals and the 
inadequate level of ambition in the NDCs for 2030. 
Furthermore, there is inconsistency between the 
emission levels implied by current policies and 
those projected under current NDCs by 2030, and, 
more importantly, those necessary for achieving 
net-zero emissions by 2050. 

 ▶ To make significant progress towards achieving the 
long-term temperature goal of the Paris Agreement 
by 2030, two steps are urgently required. First, more 
countries need to develop long-term strategies 
that are consistent with the Paris Agreement, and 
second, new and updated NDCs need to become 
consistent with the net-zero emissions goals.

331  



XVIII

Emissions Gap Report 2020

5. Collectively, G20 members are projected 
to overachieve their modest 2020 Cancun 
Pledges, but they are not on track to achieve 
their NDC commitments. Nine G20 members 
are on track to achieve their 2030 NDC 
commitments, five members are not on 
track, and for two members there is a lack of 
sufficient information to determine this. 

 ▶ In line with previous Emissions Gap Reports, this 
report pays close attention to G20 members, as 
they account for around 78 per cent of global GHG 
emissions and thereby largely determine global 
emission trends and the extent to which the 2030 
emissions gap will be closed. 

 ▶ Collectively, the G20 members are projected to 
overachieve their 2020 Cancun Pledges, even 
without considering the expected impact of 
COVID-19. According to the latest pre-COVID-19 
scenario studies, South Africa is now projected 
to likely achieve its Cancun Pledge. The United 
States of America is also projected to achieve its 
Cancun Pledge, though only when the expected 

impact of COVID-19 is considered. It is still 
unlikely or uncertain whether Canada, Indonesia, 
Mexico and the Republic of Korea will achieve their 
Cancun Pledges, even when COVID-19 implications 
are considered.

 ▶ Collectively, the G20 members are not on track 
to achieve their unconditional NDC commitments 
based on pre-COVID-19 projections. Nine of the 16 
G20 members (counting the EU27+UK as one), are 
on track (Argentina, China, EU27+UK, India, Japan, 
Mexico, the Russian Federation, South Africa 
and Turkey). Five G20 members are projected 
to fall short and therefore require further action 
(Australia, Brazil, Canada, the Republic of Korea 
and the United States of America). Projections for 
Indonesia and Saudi Arabia are inconclusive.

 ▶ The impacts of COVID-19 and economic recovery 
measures on 2030 emissions of individual G20 
members may be significant, although estimates 
are still highly uncertain and vary across the few 
studies available.

Figure ES.4. Global total GHG emissions by 2030 under the original current policies scenario based on pre-COVID-19 studies 
and various ‘what if’ scenarios using explorative calculations (post-COVID-19) (median and 10th to 90th percentile range)
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ES.1). Each scenario considers a least-cost climate 
change mitigation pathway that starts long-term 
reductions from 2020. These are calculated from 
the scenarios that were compiled as part of the 
mitigation pathway assessment of the IPCC 
Special Report on Global Warming of 1.5°C.

 ▶ The NDC and current policies scenarios are based 
on updated data provided by 10 modelling groups. 
As at mid-November 2020, none of the major 
emitters have submitted new or updated NDCs 
with stronger targets for 2030. Overall, NDC target 
updates from 2019 are expected to reduce total 
emissions by less than 1 per cent by 2030.

 ▶ Collectively, 2030 emission levels fall short of 
what the NDCs imply: the deficit is about 3 GtCO2e 
under the unconditional NDC scenario, and about 5 
GtCO2e under the conditional NDC scenario.

 ▶ The emissions gap between estimated global total 
emissions by 2030 under the NDC scenarios and 

6. The emissions gap has not been narrowed 
compared with 2019 and is, as yet, unaffected 
by COVID-19. By 2030, annual emissions 
need to be 15 GtCO2e (range: 12–19 GtCO2e) 
lower than current unconditional NDCs imply 
for a 2°C goal, and 32 GtCO2e (range: 29–36 
GtCO2e) lower for the 1.5°C goal. Collectively, 
current policies fall short 3 GtCO2e of meeting 
the level associated with full implementation 
of the unconditional NDCs.

 ▶ The emissions gap for 2030 is defined as the 
difference between global total GHG emissions 
from least-cost scenarios that keep global 
warming to 2°C, 1.8°C or 1.5°C with varying levels 
of likelihood and the estimated global total GHG 
emissions resulting from a full implementation of 
the NDCs. 

 ▶ The three temperature scenarios allow for various 
interpretations of ‘well below 2°C’, by covering the 
entire range of below 2°C to below 1.5°C (table 

Table ES.1. Global total GHG emissions in 2030 under different scenarios (median and 10 th to 90 th percentile range), 
temperature implications, and the resulting emissions gap (based on the pre-COVID-19 current policies scenario)

Scenario 
(rounded to the 
nearest gigaton)

Number 
of scenarios 
in set

Global total 
emissions 
in 2030 
[GtCO2e]

Estimated 
temperature outcomes 

Closest 
corresponding 
IPCC SR1.5 
scenario class

Emissions Gap in 2030 
[GtCO2e] 

50% 
probability

66% 
probability

90% 
probability

Below 
2.0°C 

Below 
1.8°C

Below 
1.5°C 

in 2100

2010 policies 6 64 (60–68)

Current policies 8 59 (56–65)
17 

(15–22)
24 

(21–28)
34 

(31–39)

Unconditional 
NDCs

11 56 (54–60)
15 

(12–19)
21 

(18–25)
32 

(29–36)

Conditional 
NDCs

12 53 (51–56)
12 

(9–15)
18 

(15–21)
29 

(26–31)

Below 2.0°C 
(66% probability)

29 41 (39–46)

Peak: 

1.7–1.8°C

In 2100: 

1.6–1.7°C

Peak: 

1.9–2.1°C

In 2100: 

1.8–1.9°C

Peak: 

2.4–2.6°C

In 2100: 

2.3–2.5°C

Higher 
2°C pathways

Below 1.8°C 
(66% probability) 

43 35 (31–41)

Peak: 

1.6–1.7°C

In 2100: 

1.3–1.6°C

Peak: 

1.7–1.8°C

In 2100: 

1.5–1.7°C

Peak: 

2.1–2.3°C

In 2100: 

1.9–2.2°C

Lower 
2°C pathways

Below 1.5°C 
in 2100 and 
peak below 
1.7°C (both with 
66% probability) 

13 25 (22–31)

Peak: 

1.5–1.6°C

In 2100: 

1.2–1.3°C

Peak: 

1.6–1.7°C

In 2100: 

1.4–1.5°C

Peak: 

2.0–2.1°C

In 2100: 

1.8–1.9°C

1.5°C with 
no or limited 

overshoot
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under pathways limiting warming to below 2°C and 
1.5°C is large (see figure ES.5). Full implementation 
of unconditional NDCs is estimated to still result 
in a gap of 15 GtCO2e (range: 12–19 GtCO2e) by 
2030 compared with the below 2°C scenario. 
The emissions gap between implementing the 
unconditional NDCs and the below 1.5°C pathway 
is about 32 GtCO 2e (range: 29–36 GtCO2e). 
Full implementation of both unconditional and 
conditional NDCs would reduce each of these gaps 
by around 3 GtCO2e. 

 ▶ Since there have been no updates to the 
temperature scenarios and only minor updates to 
the NDC scenarios, the estimated emissions gap 

remains unchanged from 2019. Similarly, the gap 
is as yet unaffected by COVID-19.

 ▶ However, the current policies scenario is likely 
to be affected by COVID-19. As shown in figure 
ES.4, current projections imply effects on 2030 
emissions ranging from +1 GtCO2e to -15 GtCO2e 
compared with the pre-COVID-19 current policies 
scenario shown in figure ES.5. This could bring 
emissions by 2030 to below the levels associated 
with the NDC scenarios. A reduction in global 
GHG emissions of 15 GtCO2e would bring 2030 
emissions within the range consistent with least-
cost scenarios that keep global warming to below 
2°C, but not in line with 1.5°C.

Figure ES.5. Global GHG emissions under different scenarios and the emissions gap in 2030 (median and 10th to 90th 
percentile range; based on the pre-COVID-19 current policies scenario)
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7. Current NDCs remain seriously inadequate 
to achieve the climate goals of the Paris 
Agreement and would lead to a temperature 
increase of at least 3oC by the end of the 
century. Recently announced net-zero 
emissions goals could reduce this by about 
0.5oC, provided that short-term NDCs and 
corresponding policies are made consistent 
with the net-zero goals.

 ▶ A dramatic strengthening of ambition is needed if 
the Paris Agreement goals are to be achieved. In 
line with the findings of previous editions of the 
Emissions Gap Report, countries must collectively 
increase their NDC ambitions threefold to get on 
track to a 2°C goal and more than fivefold to get on 
track to the 1.5°C goal. 

 ▶ The lack of sufficient mitigation action to date has 
added significantly to the challenge of meeting the 
Paris Agreement goals. Global average emissions 
reductions required per year to meet emission 
levels by 2030 that are consistent with the 2°C and 
1.5°C scenarios have increased remarkably. By 
now, they are approximately more than double and 
four times what they would have been respectively 
had serious collective climate action started 
in 2010. Failure to significantly reduce global 
emissions by 2030 will make it impossible to keep 
global warming below 1.5°C.

 ▶ Unconditional NDCs are consistent with limiting 
warming to 3.2°C by the end of the century (66 
per cent probability). If both conditional and 
unconditional NDCs are fully implemented, 
this estimate is 0.2°C lower. The pre-COVID-19 
current policies scenario, on the other hand, 
results in higher emissions by 2030, which unless 
strengthened would result in an average global 
temperature rise of 3.5°C by 2100.

 ▶ COVID-19 containment measures have significantly 
reduced global GHG emissions in 2020. However, 
unless these are followed by economic rescue 
and recovery measures that support a low-carbon 
transition, this dip in global GHG emissions is 
estimated to result in no more than a 0.01°C 
reduction of global warming by 2050, which by then 
is expected to have exceeded 1.5°C. 

 ▶ The temperature projections change when 
considering the potential effects of the recently 
announced net-zero emissions goals. Preliminary 
estimates suggest that, collectively, these goals 
could further lower the temperature projections 
consistent with unconditional NDCs by about half a 
degree Celsius to around 2.7°C. If the United States 
of America also adopts a net-zero GHG target by 
2050, as suggested in the Biden-Harris climate 

plan, projections until the end of the century are 
estimated to be 0.6°C–0.7°C lower in aggregate 
compared with the global warming estimate for 
current unconditional NDCs, i.e. around 2.5–2.6°C.

8. COVID-19-related fiscal spending by 
governments is of unprecedented scale, 
currently amounting to roughly US$12 trillion 
globally, or 12 per cent of global gross 
domestic product (GDP) in 2020. For G20 
members, fiscal spending amounts to around 
15 per cent of GDP on average for 2020.  

 ▶ To date, most governments have focused on 
funding rescue measures to protect lives and 
businesses in their immediate economic response 
to COVID-19, with some including conditions that 
encourage businesses to decarbonize. Given the 
varied COVID-19 impacts and response timelines, 
some governments are also starting to fund 
recovery measures to reinvigorate their economies. 

 ▶ There are large disparities in fiscal spending 
around the world. Average fiscal spending of G20 
members currently hovers around 15 per cent, 
reaching as high as 40 per cent for some members. 
For middle-income and developing countries, 
however, this figure is much lower at less than 6 
per cent of GDP.

9. So far, the opening for using fiscal rescue and 
recovery measures to stimulate the economy 
while simultaneously accelerating a low-
carbon transition has largely been missed. It 
is not too late to seize future opportunities, 
without which achieving the Paris Agreement 
goals is likely to slip further out of reach.

 ▶ As at October 2020, COVID-19 fiscal spending has 
primarily supported the global status quo of high-
carbon economic production or had neutral effects 
on GHG emissions. While it is understandable 
that immediate rescue measures were directed 
to incumbent industry, later rescue and recovery 
measures could have supported low-carbon 
development, without forsaking opportunities for 
economic gain. 

 ▶ Based on four main trackers of COVID-19 fiscal 
investments, few G20 members have put words into 
action in terms of low-carbon rescue and recovery 
measures (i.e. those resulting in reduced GHG 
emissions). Around one-quarter of G20 members 
have dedicated shares of their spending (up to 3 
per cent of GDP) explicitly to low-carbon measures. 
For most, spending has been predominantly high-
carbon (implying net negative effects on GHG 
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Figure ES.6. Non-exhaustive overview of total fiscal rescue and recovery measures of G20 members with high-carbon, 
neutral and low-carbon effects as a share of 2019 GDP 
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emissions) or neutral (having no discernible effects 
on GHG emissions). In a number of cases, it is still 
unclear what effect countries’ measures will have 
on GHG emissions (figure ES.6).

 ▶ Policies with positive impacts on reducing GHG 
emissions have been slightly more prevalent in 
fiscal recovery measures than rescue measures. 
This is noteworthy, as the next stages of COVID-19 
fiscal interventions are likely to shift a greater 
proportion of capital towards recovery measures, 
indicating that there is potential for increased 
implementation of low-carbon measures.

 ▶ It is still in the hands of policymakers whether 
global economic rescue and recovery responses 
to the COVID-19 pandemic will lead to decreased 
or increased global GHG emissions in the longer 
term. The future can still be shaped through 
decisions yet to be made on the composition and 
implementation of announced recovery packages 
and future recovery actions. 

10. Early COVID-19 fiscal rescue and recovery 
measures provide valuable insight for

policymakers designing measures for the
immediate future.

 ▶ Many fiscal rescue and recovery measures can 
simultaneously suppor t rapid, employment-
intensive and cost-effective economic recovery and 
a low-carbon transition. Broad categories include:

 ● support for zero-emissions technologies and 
infrastructure, for example, low-carbon and 
renewable energy, low-carbon transport, zero-
energy buildings and low-carbon industry

 ● support for research and development of zero-
emissions technologies

 ● fossil fuel subsidies through fiscal reform

 ● nature-based solutions, including large-scale 
landscape restoration and reforestation.

 ▶ Conversely, some fiscal rescue and recovery 
measures are likely to perpetuate high-carbon 
and environmentally damaging development. 
These include:

 ● fossil fuel-based infrastructure investments or fiscal 
incentives for high-carbon technologies and projects

 ● waivers or rollbacks of environmental regulations

 ● bailouts of fossil fuel-intensive companies without 
conditions for low-carbon transition or environmental 

sustainability (such as airlines, internal combustion 
automotive companies, industrial industries and 
fossil energy companies).

11. Domestic and international shipping and 
aviation currently account for around

5 per cent of global CO2 emissions and are
projected to increase significantly.
International emissions from shipping and
aviation are not covered under the NDCs and,
based on current trends, are projected to
consume between 60 and 220 per cent of
allowable CO2 emissions by 2050 under IPCC
illustrative 1.5°C scenarios (figure ES.7). 

 ▶ Combined, the shipping and aviation sectors 
currently account for approximately 2 GtCO2 per 
year (distributed evenly across the two sectors) 
and emissions have increased in the past decades. 
About 71 per cent of the CO2 emissions from 
shipping and 65 per cent of emissions from aviation 
are international and are not included in national 
totals reported to the UNFCCC but are instead 
added as memo items. International emissions are 
not covered under the NDCs of most signatories 
to the Paris Agreement. However, because ships 
and aircraft are often active on both domestic 
and international routes, there are synergies in 
addressing domestic and international shipping 
and aviation emissions.

12. Current policy frameworks to address 
emissions are weak and additional

policies are required to bridge the gap
between the current trajectories of shipping
and aviation and GHG emissions pathways
consistent with the Paris Agreement
temperature goals. Changes in technology,
operations, fuel use and demand all need to
be driven by new policies. 

 ▶ International aviation currently intends to meet 
its International Civil Aviation Organization (ICAO) 
goals through heavily relying on carbon offsets, 
which do not represent absolute reductions, but at 
best provide time to transition to low-carbon fuels 
and implement energy efficiency improvements. At 
worst, offsets create a disincentive for investment 
in sector decarbonization and delay the necessary 
transition. Current carbon offsetting is therefore 
not a long-term solution and its role should only 
be temporary.

 ▶ Improvements in technology and operations can 
improve the fuel efficiency of transport if policies 
incentivize them, but projected increases in 
demand (even considering potential impacts of 
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the current global COVID-19 pandemic) mean that 
the improvements will not result in decarbonization 
and absolute reductions of CO2 for either the 
aviation or shipping sectors. 

 ▶ Both sectors, will therefore need to maximize their 
energy efficiency while rapidly transitioning away 
from fossil fuels. Although there are technologically 
mature production processes for non-fossil fuels, 
rapid scale-up of new production and supply chains 
is required and hinges on policies to mandate the 
use of these fuels, as their costs are much higher.

 ▶ Biofuels and synthetic kerosene from biomass or 
CO2 and hydrogen have lower carbon footprints than 
fossil hydrocarbon fuels, provided the biomass is 
sourced sustainably. These are probably the most 
realistic fuel alternatives for aviation and shipping 
in the short to medium term, but will compete with 
other uses, such as road transport. 

 ▶ For ships, CO2-free ammonia is an option, given 
that a ship’s design is less constrained than that of 
a plane in terms of volume, fuel mass and safety.

 ▶ The hydrogen feedstock used in ammonia and 
synthetic hydrocarbon fuel will only present net 
benefits if the production is powered by renewable 
electricity, CO 2 is produced from non-fossil 
sources, or CO2 is removed from the atmosphere. 

 ▶ Long-term fuel alternatives, such as electricity or 
(CO2-free) hydrogen will require different aircraft 
and ship designs and will likely only be applicable 
for certain purposes.

 ▶ Regardless of the feedstock and process, the cost 
of fuel will increase severalfold, raising the overall 
cost of both aviation and shipping. This will likely 
supress demand, especially for aviation, which may 
ultimately be the most effective means to manage 
the sector’s emissions.

13. Lifestyle changes are a prerequisite for 
sustaining reductions in GHG emissions

and for bridging the emissions gap. Around
two thirds of global emissions are linked
to the private household activities according
to consumption-based accounting. Reducing
emissions through lifestyle changes requires
changing both broader systemic conditions
and individual actions.

 ▶ Lifestyle emissions are influenced by social and 
cultural conventions, the built environment and 
financial and policy frameworks. Governments 
have a major role in setting the conditions under 
which lifestyle changes can occur, through shaping 
policy, regulations and infrastructure investments. 
At the same time, it is necessary for citizens to 
be active participants in changing their lifestyles 
through taking steps to reduce personal emissions 

Figure ES.7. Global CO2 emissions pathways limiting global warming to 1.5°C and CO2 emissions from international shipping 
and aviation 
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and fostering societal change as consumers, 
citizens, owners of assets and members of 
communities. The participation of civil society 
is necessary to bring about wider changes in the 
social, cultural, political and economic systems in 
which people live.

 ▶ Lifestyle emissions are linked to many sources 
and sectors. Foremost among these are mobility, 
residential and food, each of which contributes 
close to 20 per cent of lifestyle emissions, thus 
implying strong mitigation potential in these 
areas. For example, foregoing one long-haul return 
flight has the potential to reduce annual personal 
emissions by 1.9 tCO2e per capita on average. 
Home energy emissions can be tackled through 
improving existing and new housing stock. The 
use of renewable electricity by households could 
also reduce emissions by approximately 1.5 tCO2e 
per capita per year for those on higher incomes. 
In terms of food, shifting consumption towards 
low-carbon diets has strong emissions reduction 
potential. Moving to a vegetarian diet, for example, 
could reduce emissions by an average of 0.5 tCO2e 
per capita per year.

 ▶ There are numerous examples of good practices in 
both the developing and developed world that show 
it is possible to lead more sustainable lifestyles. 
Such examples include: replacing domestic 
short-haul flights with rail journeys and providing 
incentives and the infrastructure necessary for 
cycling and car-sharing, while restricting petrol 
cars; improving the energy efficiency of housing 
and renewable energy defaults from grid providers; 

ensuring the provision of low-carbon food in the 
public sector and developing policies to reduce 
food waste.

14. Equity is central to addressing lifestyles. 
The emissions of the richest 1 per cent

of the global population account for more
than twice the combined share of the poorest
50 per cent. 

 ▶ Compliance with the 1.5°C goal of the Paris 
Agreement will require reducing consumption 
emissions to a per capita lifestyle footprint of 
around 2–2.5 tCO2e by 2030. This means that 
the richest 1 per cent would need to reduce their 
current emissions by at least a factor of 30, while 
per capita emissions of the poorest 50 per cent 
could increase by around three times their current 
levels on average (figure ES.8). 

 ▶ COVID-19 has provided insight into how rapid 
lifestyle changes can be brought about by 
governments (who must create conditions that 
make lifestyle changes possible), civil society 
actors (who must encourage positive social norms 
and a sense of collective agency for lifestyle 
changes) and infrastructure (which must support 
behaviour changes). The lockdown period in 
many countries may be long enough to establish 
new, lasting routines if supported by longer-
term measures. In planning the recovery from 
COVID-19, governments have an opportunity to 
catalyse low-carbon lifestyle changes by disrupting 
entrenched practices. 

Figure ES.8. Per capita and absolute CO2 consumption emissions by four global income groups for 2015 
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1

1.1 Context of the Emissions Gap Report 
2020

This eleventh edition of the United Nations Environment 
Programme (UNEP) Emissions Gap Report has been 
produced in a year in which the COVID-19 crisis has 
dominated both the news and policymaking, causing 
immense suffering and economic and social disruption. 
The economic disruption has briefly slowed – but far from 
eliminated – the historic and ever-increasing burden of our 
activity on the Earth’s climate. This burden is manifested 
in the continuing rise in extreme weather events, including 
wildfires and hurricanes, and in the melting of glaciers 
and of ice at both the poles. This year, Arctic sea ice cover 
shrank to its second lowest extent since the beginning of 
modern record-keeping (National Aeronautics and Space 
Administration [NASA] 2020), the USA is about to break 
the record on climate-related weather events costing more 
than US$1billion each (National Oceanic and Atmospheric 
Administration [NOAA] 2020) and 2020 is on course to 
become the warmest year on record globally (CarbonBrief 
2020). The year 2020 has set new records: they will not 
be the last.

It is clear that global carbon dioxide (CO2) and greenhouse 
gas (GHG) emissions in 2020 will experience a sizeable 
drop compared with 2019 levels as a result of the COVID-19 
crisis. Yet, enhanced climate ambition and action remain as 
urgent as ever. Although 2020 GHG emissions will decline, 
GHG concentrations in the atmosphere continue to rise 
(World Meteorological Organization (WMO) 2020) and the 
immediate reduction in emissions caused by COVID-19 
lockdown measures is assessed to have a negligible long-
term impact on climate change (Forster et al. 2020). 

How governments around the world respond to COVID-19 
and post-COVID-19 recovery will be critical to achieving the 
goals of the Paris Agreement. The unprecedented scale of 
COVID-19 economic recovery measures offers an opening 
for a low-carbon transition that creates the structural 
changes required for sustained emission reductions. Seizing 
this opening will be essential to bridging the emissions gap.

The United Nations Secretary-General is calling on 
governments to use COVID-19 recovery as an opportunity 

to create more sustainable, resilient and inclusive societies 
(United Nations 2020). Aligned with this, the United Nations 
Framework Convention on Climate Change (UNFCCC) 
has stressed that governments can integrate and specify 
some of their post-COVID-19 recovery plans and policies in 
their new or updated nationally determined contributions 
(NDCs) as well as in their long-term mitigation strategies 
– both of which countries are requested to submit this year 
(United Nations Framework Convention on Climate Change 
[UNFCCC] 2020).

The most significant and encouraging climate policy 
development of 2020 is the growing number of countries 
that have announced net-zero emissions goals around the 
middle of this century. These commitments are broadly 
consistent with the Paris Agreement temperature goal, 
provided they are achieved globally. The litmus test of 
these announcements will be the extent to which they are 
reflected in near-term policy action and in significantly more 
ambitious NDCs for the period to 2030.

1.2 Focus and approach of the report

Each year, the Emissions Gap Report provides an updated 
assessment of the gap between estimated future global 
GHG emissions if countries implement their climate 
mitigation pledges, and the global emission levels from 
least-cost pathways that are aligned with achieving the Paris 
Agreement goal of limiting global warming to well below 
2°C and pursuing 1.5°C. This difference between where 
we will likely be and where we need to be is known as the 
‘emissions gap’. 

The reports also look at opportunities for bridging the 
emissions gap. This year, the report focuses on three areas 
that are highly relevant for our ability to bridge the gap 
and that have become even more pertinent in the wake of 
COVID-19: i) the role of COVID-19 fiscal rescue and recovery 
measures in the global transition to decarbonization; ii) 
the role and opportunities for reducing emissions from the 
shipping and aviation sectors, where international emissions 
are not covered by the NDCs; and iii) the role of lifestyle 
change in decarbonization. 
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Reflecting the unusual circumstances of 2020, this year's 
report deviates from its usual approach of exclusively 
considering consolidated data from previous years as the 
basis for assessment. To maximize its policy relevance, 
preliminary assessments of the implications of the COVID-19 
pandemic and associated rescue and recovery measures 
are included throughout the report. 

As in previous years, this Emissions Gap Report has been 
prepared by an international team consisting of 51 leading 
scientists from 35 expert institutions across 18 countries, 
assessing all available information, including that published 
in the context of the Intergovernmental Panel on Climate 
Change (IPCC) reports, as well as in other recent scientific 
studies. The assessment process has been overseen by a 
distinguished steering committee and has been transparent 
and participatory. All chapters have undergone an extensive 
external review process. In addition, the assessment 
methodology and preliminary findings were made available 
to the governments of the countries specifically mentioned 
in the report in order to provide them with the opportunity to 
comment on the findings.

1.3 Structure of the report

The report is organized into six chapters, including this 
introduction. Chapter 2 assesses the trends in global GHG 
emissions and G20 member progress towards their Cancun 

Pledges in 2020 and their NDCs in 2030. In addition, it 
considers the potential implications of COVID-19 on G20 
emissions projections. Chapter 3 updates the assessment 
of the likely emissions gap in 2030. Furthermore, the chapter 
provides a preliminary assessment of how COVID-19 and 
associated rescue and recovery measures may impact 
global GHG emissions in 2030 under various scenarios. 
The chapter then looks at the implications of the emissions 
gap on the feasibility of achieving the long-term temperature 
goal of the Paris Agreement.

Chapter 4 assesses the size and extent to which COVID-19 
fiscal rescue and recovery measures to date can be said 
to support low-carbon or high-carbon development. It also 
outlines emerging lessons for governments in the pursuit of 
a low-carbon economic recovery.  

The two final chapters of this year's report cover areas 
that have received limited attention in previous Emissions 
Gap Reports, but that receive much international attention 
and have been particularly affected by COVID-19. Chapter 
5 looks at the trends and opportunities for decarbonizing 
the shipping and aviation sectors, with a particular focus 
on international transport. Finally, chapter 6 assesses the 
role and opportunities for reducing GHG emissions through 
lifestyle and behavioural change, paying particular attention 
to inequalities in per capita emissions within and across 
countries and the systemic changes necessary to support 
and induce lifestyle change.
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Lead authors: 
Takeshi Kuramochi (NewClimate Institute, Germany), Michel den Elzen (PBL Netherlands Environmental Assessment 
Agency, the Netherlands) and Glen P. Peters (Center for International Climate Research – CICERO, Norway)

Contributing authors:
Caitlin Bergh (University of Cape Town, South Africa), Monica Crippa (Joint Research Centre/European Commission, 
European Union (EU)), Andreas Geiges (Climate Analytics, Germany), Catrina Godinho (HUMBOLDT-VIADRINA Governance 
Platform, Germany), Sofia Gonzales-Zuñiga (NewClimate Institute, Germany), Ursula Fuentes Hutfilter (Climate Analytics, 
Germany), Kimon Keramidas (Joint Research Centre/European Commission, EU), Yong Gun Kim (Korea Environment 
Institute, the Republic of Korea), Swithin Lui (NewClimate Institute, Germany), Zhu Liu (Tsinghua University, China), Jos 
Olivier (PBL Netherlands Environmental Assessment Agency, the Netherlands), Leonardo Nascimento (NewClimate Institute, 
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2

2.1 Introduction

This chapter assesses the latest trends in greenhouse gas 
(GHG) emissions and the progress of G20 members towards 
both the Cancun Pledges for 2020 and nationally determined 
contributions (NDCs) for 2025 and 2030. Throughout the 
chapter, the implications of the COVID-19 pandemic on 
emissions in 2020 and by 2030 are considered. 

The chapter is organized as follows: section 2.2 takes stock 
of the current trends in total global GHG and carbon dioxide 
(CO2) emissions from fossil fuel use and industry-related 
sources. These trends are discussed in the context of 
global peaking of emissions and general economic trends. 
Sections 2.3 and 2.4 assess G20 members’ progress, both 
collectively and individually, towards their Cancun Pledges 
and NDCs.1 The assessment covers all individual G20 
members and regions, including the European Union and 
its three individual Member States (France, Germany and 
Italy), as well as the United Kingdom (hereafter EU27+UK) 
as one member.2 Section 2.5 provides an update of 
announced net-zero emissions goals and the implications 
for short- to medium-term action in the context of new and 
updated NDCs.

1 Turkey has not ratified the Paris Agreement, so its 2030 target remains an intended nationally determined contribution (INDC). Hereinafter, both 
INDCs and NDCs are referred to as NDCs, except when specifically referring to Turkey’s INDC.

2 The United Kingdom has left the European Union but is in a transition period until the end of 2020, during which the NDC submitted by the European 
Union still applies to it.

3 This change was made to be more in line with the decisions made at the twenty-fourth session of the Conference of the Parties (COP 24) in 
Katowice, where Parties agreed to use GWPs from the IPCC Fifth Assessment Report (AR5) for reporting reasons. However, a full switch to using 
AR5 GWPs in this report is not yet possible as the literature is still not up to date on this decision. 

All GHG emission figures in this report are expressed 
using the 100-year global warming potentials (GWPs) from 
the Intergovernmental Panel on Climate Change (IPCC) 
Fourth Assessment Report (AR4),3 unless otherwise noted. 
With regard to historical emissions data, section 2.2 uses 
globally consistent and independent data sets rather than 
officially reported United Nations Framework Convention 
on Climate Change (UNFCCC) inventory reports, whereas 
sections 2.3 and 2.4 use UNFCCC inventory reports when 
comparing historical emissions to individual G20 members’ 
NDC targets. Please see Annex I for more information 
about the definitions of scenarios, GWPs and land use, 
land-use change and forestry (LULUCF) accounting used in 
the chapter.

The methodology and preliminary findings of this chapter 
were made available to the governments of the countries 
specifically mentioned to provide them with the opportunity 
to comment on the findings.
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4

2.2 Current global emissions: status and 
trends

2.2.1 GHG emissions up to 2019

Global trends
GHG emissions grew in 2019 for the third consecutive year, 
indicating that the slowdown in emissions growth during 
2015 and 2016 was short-lived (figure 2.1). Since 2010, GHG 
emissions (excluding land-use change (LUC)) have grown 
1.4 per cent per year on average, with preliminary data 
suggesting a 1.1 per cent increase in 2019. When including 
the more uncertain and variable emissions from LUC, global 
GHG emissions also grew 1.4 per cent per year since 2010 
on average, but increased a more rapid 2.6 per cent in 2019 

4 Emissions data used in this report are based on analysis from EDGAR (Crippa et al. 2020), PBL (Olivier and Peters 2020, in preparation) and the 
Global Carbon Project (GCP) for LUC. These data sets are used in order to provide globally consistent and updated emissions estimates, which 
means that there may be minor differences to officially reported UNFCCC inventory reports. Fossil CO2, CH4 and N2O emissions are based on the 
methods used in previous Emissions Gap Reports (Olivier and Peters 2019), with updates based on the most recently available data. In this 2020 
report, LUC emissions from the GCP are used, which takes the average of two bookkeeping data sets (Hansis, Davis and Pongratz 2015; Houghton 
and Nassikas 2017). Previous Emissions Gap Reports only used one bookkeeping model (Houghton and Nassikas 2017), which means that total 
GHG emissions are higher than in previous reports, with LUC emissions exhibiting no significant trend over time. For the first time, this year’s report 
includes CH4 and N2O emissions from LUC (Olivier, Schure and Peters 2017), though these are small in comparison to LUC CO2 emissions. The 
report also includes uncertainties with one standard deviation of ±5 per cent for CO2, ±30 per cent for CH4, ±50 per cent for N2O and ±100 per cent 
for fluorinated gases (Olivier et al. 2017), and 2.6 GtCO2 for LUC (Friedlingstein et al. 2019). The presented uncertainty ranges are consistent with 
IPCC AR5 (Blanco et al. 2014). GWPs are from the IPCC AR4. All estimates for 2019 emissions should be considered preliminary. Uncertainties are 
added in quadrature and assumed independent.

5 Fossil CO2 emissions include CO2 emissions from fossil fuels and from carbonates.
6 In this report, CO2 emissions from fossil fuels and industry grew 0.9 per cent in 2019 (Crippa et al. 2020). The updated Global Carbon Budget 

estimates that fossil fuel emissions grew 0.1 per cent in 2019 (Friedlingstein et al. in review). Most other estimates do not include process 
emissions from cement manufacturing. EDGAR estimates that process emissions from cement manufacturing grew 5.1 per cent in 2019, while the 
GCP estimates 3.3 per cent in 2019. For combustion-related emissions only, BP estimated a 0.5 per cent growth in emissions (BP 2020), with the 
IEA and GCP both estimating no change (IEA 2020b), which differs to the EDGAR estimate of 0.6 per cent. The differences in these estimates for 
2019 (EDGAR and BP versus GCP and IEA) are primarily due to uncertainty in the growth of Chinese coal use in 2019.

due to a significant increase in forest fires, particularly in 
Asia and the Amazon. GHG emissions4 reached a record 
high of 52.4 GtCO2e (range: ±5.2) in 2019 without LUC 
emissions and increased by 5.5 GtCO2 (range: ±2.6) when 
including the more uncertain LUC, which pushes the total 
to 59.1 GtCO2e (range: ±5.9) (fi gure 2.1). Land-use emission 
estimates used in this report are based on the average of 
two separate models (leading to higher overall emissions) 
(Friedlingstein et al. 2019) and included CO2 and nitrous 
oxide (N2O) emissions from LUC (Olivier and Peters 2020, in 
preparation). If the same data set was used as in previous 
years (Houghton and Nassikas 2017; blue dotted line in 
figure 2.1), global 2019 emissions would have been lower at 
57.1 GtCO2e or 56.7 GtCO2e if excluding methane (CH4) and 
N2O emissions from LUC.

Figure 2.1. Global GHG emissions from all sources
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Sources: Crippa et al. (2020); Olivier and Peters (2020, in preparation); Friedlingstein et al. (2019)

Each GHG contributes differently to total GHG emissions 
(fi gure 2.1 and table 2.1). Fossil CO2 emissions5 account 
for most GHG emissions, including LUC, as well as the 
growth in GHG emissions. Preliminary data suggest that 

fossil CO2 emissions reached a record 38.0 GtCO2 (range: 
±1.9) in 2019, with some differences among data sets due 
to uncertainty in Chinese coal use in 2019.6 Fossil CO2 has 
grown 1.3 per cent per year on average since 2010 and grew 
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0.9 per cent in 2019. The growth in fossil CO2 emissions 
in 2019 was due to a modest increase in energy use (~1.3 
per cent in 2019), offset by favourable weather patterns 
reducing heating and cooling needs (International Energy 
Agency [IEA] 2020a). CO2 emissions from LUC significantly 
change from year-to-year due to climatic conditions. 
Over the last decade, CO2 emissions from LUC have had 
a downward trend according to Houghton and Nassikas 
(2017) and upward trend according to Hansis, Davis and 
Pongratz (2015). The average of these two data sets for 
the last decade is 5.5 GtCO2 (range: ±2.6, one standard 
deviation) and shows little change in trend given the large 
uncertainties7  (Friedlingstein et al. 2019; Shukla et al. 

7 The Houghton and Nassikas (2017) and Hansis, Davis and Pongratz (2015) data sets are both updated for 2019 in Friedlingstein et al. (2019).

2019). In this report, the average of these two data sets are 
used as there is currently no scientific justification to use 
one data set over the other. CH4 emissions, the next most 
significant GHG, have grown 1.2 per cent per year on average 
since 2010 and grew 1.3 per cent in 2019. N2O emissions 
have grown 1.1 per cent per year on average from 2010 to 
2019, while fluorinated gases (sulphur hexafluoride (SF6), 
hydrofluorocarbons (HFCs) and perfluorochemicals (PFCs)) 
have grown 4.7 per cent per year on average since 2010 and 
grew 3.8 per cent in 2019. All GHGs continue to increase in 
line with trends over the last decade, with only fossil CO2 
emissions showing a significant change in trend since the 
2000s (2000–2009).

Table 2.1. Key statistics for GHG emissions shares and trends and highest emitting countries and regions

GHG emissions 
2019 (GtCO2e)

GHG emissions 
2019 (tCO2e/

person)

Emissions share 
2010–2019 (%)

Emissions growth 
2010–2019 (%/yr)

Growth in 
2019 (%)

Fossil CO2 38 65 1.3 0.9

Methane (CH4) 9.8 17 1.2 1.3

Nitrous oxide (N2O) 2.8 4.9 1.1 0.8

Fluorinated gases 1.7 2.6 4.7 3.8

GHGs without LUC 52.4 (range: ±5.2) 89 1.4 1.1

LUC CO2 6.3 10 1.3 13.3

LUC CH4 & N2O 0.5 0.5 3.7 84.6

GHGs with LUC 59.1 (range: ±5.9) 100 1.4 2.6

Countries (GHGs 
without LUC)

China 14 9.7 26 2.3 3.1

United States of 
America

6.6 20.0 13 -0.1 -1.7

EU27+UK 4.3 8.6 9.3 -1.1 -3.1

India 3.7 2.7 6.6 3.3 1.3

Russian Federation 2.5 17.4 4.8 1 0.8

Japan 1.4 10.7 2.8 0.1 -1.6

International transport 1.4 2.5 2.3 2.9

GHGs without LUC 52.4 (range: ±5.2) 6.8 65 1.4 1.1
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Regional trends excluding LUC
While global emissions data provide important information 
on collective progress, they mask the dynamics at the 
country level (fi gure 2.2 – left: absolute; right: per capita). 
This section focuses on trends excluding LUC emissions, 
which are discussed later. The top four emitters (China, 

United States of America, EU27+UK and India) contributed 
to 55 per cent of total GHG emissions without LUC over the 
last decade. The top seven emitters (including the Russian 
Federation, Japan and international transport) account for 
65 per cent, while G20 members account for 78 per cent. 

Figure 2.2. Absolute GHG emissions of the top six emitters (excluding LUC emissions) and international transport (left) 
and per capita emissions of the top six emitters and the global average (right)
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Source: Crippa et al. (2020)

China emits more than one-quarter of global GHG emissions 
and has per capita emissions that are around 40 per cent 
above the global average. Despite rapid growth during the 
2000s, the increase in GHG emissions has slowed in China 
over the last decade. From 2014 to 2016 GHG emissions 
showed little to no growth due to a reduction in coal use, but 
started to grow again from 2016. In the last decade, GHG 
emissions have grown 2.4 per cent on average, growing 
3.1 per cent in 2019 to reach a record high 14.0 GtCO2e. 
Chinese coal use may have peaked in 2013, but that peak 
may be crossed given its growth from 2016 onwards. The 
United States of America emits 13 per cent of global GHG 
emissions and has per capita emissions that are three 
times the global average. However, over the last decade, the 
country’s GHG emissions have been in decline (0.4 per cent 
per year), decreasing by 1.7 per cent in 2019, which partially 
offsets the increase of 3.0 per cent in 2018 that was due to 
greater energy demand in response to an unusually warm 
summer and cold winter. Changes in the United States of 
America’s emissions continue to be driven by the shift away 
from coal towards gas and renewables. The EU27+UK emits 
8.6 per cent of global GHG emissions and has per capita 
emissions that are 25 per cent above the global average. 
Emissions have steadily declined by 1.5 per cent per year 
in the last decade, with a steeper decline of 3.0 per cent 
observed in 2019. Europe had a stronger decline in coal use 

in 2019, following the European Union Emissions Trading 
System’s (EU ETS) higher allowance prices. India emits 
7.1 per cent of global emissions and has per capita 
emissions that are 60 per cent lower than the global average. 
Emissions grew just 1.4 per cent in 2019, which is much 
lower than the average of 3.3 per cent per year over the last 
decade. This slower-than-expected growth was primarily 
due to increased hydropower from a record monsoon 
and weaker economic growth, along with the country’s 
continued growth in renewables. The Russian Federation 
(4.9 per cent) and Japan (2.7 per cent) are the next largest 
emitters, followed by international transport (aviation and 
shipping), which represents around 2.6 per cent of GHG 
emissions that are growing strongly at a rate of 2.3 per cent 
per year (fi gure 2.2).

In today’s globalized world there is a weakened connection 
between where goods and services are purchased 
(consumed) and where emissions occur. Consumption-
based emissions are allocated to countries where goods and 
services are consumed, which differs to territorial-based 
emissions, as they exclude national emissions required to 
produce exported products, instead including emissions 
from other countries to import products (consumption ~ 
territorial – exports + imports). Rich countries generally tend 
to have higher consumption-based emissions (fi gure 2.3), 
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as they have cleaner production, relatively more services 
and more imports of primary and secondary products. In 
the 2000s, the gap between consumption and production 
was growing in rich countries but stabilized following 
the 2007–2008 global financial crisis (Pan et al. 2017). 
Despite rich countries having greater consumption-based 
emissions than territorial-based emissions, both have 

declined at similar rates in the last decade (Le Quéré et al. 
2019). Consumption-based emissions can also be used 
to allocate emissions to the products purchased (food, 
clothing, electronic products), and not the sectors emitting 
(agriculture, electricity, industry). Although consumption-
based emissions are more uncertain, they provide additional 
information to help refine climate policies (see chapter 6).

Figure 2.3. Consumption-based CO2 emissions (dotted line) compared with territorial-based CO2 emissions (solid line) for 
the top six emitters
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Source: Friedlingstein et al. (2019)

Sector trends in GHG emissions
The distribution of GHG emissions across sectors is an 
important consideration for policymaking (figure 2.4). 
Many studies primarily focus on fossil CO2 emissions 
(65 per cent of total global GHG emissions), which are 
primarily associated with energy use. The inclusion of 
CH4 and N2O emissions highlights the importance of the 
agriculture sector in emission trends. This section considers 
the sector distribution of all GHG emissions, including non-
CO2 emissions.

Energy transformation dominates GHG emissions, with 
electricity and heat generation accounting for 24 per cent 
of total GHG emissions in the last decade and other energy 
transformation and fugitive emissions adding another 
10 per cent. Emissions from energy use in buildings and 
other sectors, such as agriculture and fishing, are around 
7 per cent. The industry sector has significant emissions 
from energy use (11 per cent of total GHG emissions), in 
additional to industrial processes (9 per cent) from mineral 

products (such as cement) and other chemical reactions. 
The transport sector has contributed to around 14 per cent 
of global GHG emissions on average over the last decade, 
with road transport – a sector that continues to have strong 
growth – primarily responsible. Shipping and aviation 
are relatively smaller than road transport, with emissions 
in international territory comprising 2.2 per cent of total 
GHG emissions. Agriculture and waste are 15 per cent of 
total GHG emissions, with most emissions from enteric 
fermentation (ruminant animals, such as cattle), nitrogen 
fertilizers on agricultural soils, and municipal waste. LUC, 
primarily associated with agricultural activities, is around 
11 per cent of the total and has larger inter-annual variations. 

Emissions are growing in all sectors, though there are signs 
that growth is slowing for electricity and heat generation, 
due to a stronger growth in renewables and decline in coal.
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Figure 2.4. GHG emissions at the sectoral level
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Regional LUC trends 
Emissions from LUC are around 11 per cent of the global 
total, but the bulk of these emissions are from relatively few 
countries. Unfortunately, there is no globally consistent and 
widely accepted country-level data set of LUC emissions. This 
is due to two main reasons: data availability and definitions. 
First, the two land-use models used in this report (Hansis, 
Davis and Pongratz 2015; Houghton and Nassikas 2017) 
have country-level estimates, but they are not sufficiently 
robust at the country level to conduct a reliable assessment 
(Friedlingstein et al. 2019). Similarly, data from the Food and 
Agriculture Organization of the United Nations (FAO) cover 
all countries, but do not fully capture carbon dynamics and 
only report five- or ten-year averages due to the relatively 
simple method used (Tubiello et al. in review). Furthermore, 
country-reported UNFCCC emission inventories only 
cover Annex I countries. Second, LUC is defined in several 
different manners. For example, the scientific community 
often only considers direct influences on land use, while FAO 
and UNFCCC emission inventories include a more expansive 
definition of ‘managed lands’, which captures a much larger 
component of the carbon sink (Grassi et al. 2018). Estimates 
using these different definitions should not be compared as 
they report quite different emissions.

Emissions from LUC predominantly originate from several 
key countries (Tubiello et al. in review). The largest emitters 
from land conversions (for example, forests converted 
to cropland or pastures) are Brazil, Indonesia and the 
Democratic Republic of the Congo. The largest managed 
sinks (for example, forests remaining forests) are in China, 
the Russian Federation, the United States of America and 
Brazil. When combining the conversions (sources) and 
managed sinks (Grassi et al. 2018), the countries with the 
biggest net LUC emissions are the Democratic Republic of 
the Congo, Brazil and Indonesia, while China, the Russian 
Federation and the United States of America have the 
largest net sinks. Reducing deforestation and enhancing 

carbon sinks can lead to significant emissions reductions 
and benefits for biodiversity conservation and ecosystem 
services in key countries, while also greatly contributing to 
global mitigation efforts. 

How close are peak GHG emissions?
Growth in global GHG emissions has averaged 1.4 per cent 
per year since 2010, which is lower than the growth rate of 
2.4 per cent per year from 2000 to 2009. In the past decade, 
two years (2015 and 2016) have had almost zero growth 
(after removing inter-annual variations from LUC), indicating 
to some extent that the growth in global GHG emissions 
is slowing. From 2010 to 2015, GHG emissions without the 
variable LUC data grew at a rate of 2.2 per cent per year, 
which slowed to 1.2 per cent per year from 2015 to 2019. 
Despite the indication that global GHG emissions growth 
is slowing, dynamics at the country level are significantly 
different, with GHG emissions declining in Organisation 
of Economic Co-operation and Development (OECD) 
economies and increasing in non-OECD economies.

Many OECD economies have had a peak in GHG emissions, 
as efficiency improvements, structural change and growth in 
low-carbon energy sources have been enough to overcome 
the growth in economic activity. Despite improving energy 
efficiency and increasing low-carbon sources, emissions 
continue to rise in countries with strong growth in energy use 
to meet development needs (Le Quéré et al. 2019). Globally, 
emissions from coal may have peaked, with rapid declines 
observed in Europe and the United States of America, and 
slower growth in China, despite an increase in other regions. 
Oil and particularly gas are increasingly driving the growth 
in global emissions, with gas now the largest contributor to 
fossil CO2 emissions (Peters et al. 2020). Non-fossil energy 
sources continue to grow rapidly and now exceed that of 
fossil sources in electricity generation. However, whether 
these factors have been sufficient to cause global GHG 
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emissions to peak is unknown, due to the rapidly unfolding 
and tragic consequences of COVID-19.

2.2.2 How might COVID-19 affect GHG emissions in 
2020?

In response to the health crises created by COVID-19, most 
countries have implemented various measures to help avoid 
its spread. These measures have had unprecedented effects 
on many aspects of the global economy, and consequently 
emissions. This section provides a synthesis of the estimated 
effects of the COVID-19 crisis on emissions in 2020 based 
on available studies. Most studies have focused on changes 
in energy use and CO2 emissions, with less attention given 
to how non-CO2 emissions may have changed.

CO2 emissions are generally estimated based on reported 
energy use, but these data are not available in real time. To 
estimate emissions during 2020, studies have used various 
proxy data, such as information on mobility from Google, 
Apple and TomTom, real-time data on electricity generation 
and other similar statistics that indicate activity levels. Some 
studies have estimated emissions for the year to date (Liu et 

al. 2020), while others have additionally estimated emissions 
for the full year (Le Quéré et al. 2020). For the year to date, 
Liu et al. found that emissions have declined 7.1 per cent 
cumulatively to 1 November 2020, including both the effects 
of COVID-19 restrictions and underlying changes in the global 
energy system (figure 2.5). Le Quéré et al. (2020) focused 
only on changes due to the COVID-19 restrictions, finding 
that global daily emissions decreased a maximum of 17 per 
cent in April 2020, with emissions reductions for the full year 
estimated at 7 per cent (range: 2–12 per cent, updated to 
mid-June) if some restrictions remain to the end of 2020, 
which is now the case. A key driver for the uncertainty is the 
extent of COVID-19 restrictions for the remainder of 2020. 
Recent full-year estimates for 2020 emissions compared 
with 2019 include a decrease of 7 per cent (IEA 2020b) and 
8.5 per cent (Enerdata 2020) in CO2 emissions. Based on 
this, emissions reductions in 2020 are likely to fall within the 
range of 2–12 per cent per cent as suggested by Le Quéré 
et al. (2020). All studies indicate that the biggest changes 
have occurred in transport, as COVID-19 restrictions were 
targeted to limit mobility, though small reductions have also 
occurred in other sectors (fi gure 2.5). 

Figure 2.5. Reduction in emissions in 2020 relative to 2019 levels due to COVID-19 lockdowns
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Based on these studies, the expected reduction in CO2 
emissions is 7 per cent in 2020 (range: 2–12 per cent), 
with a smaller drop in GHG emissions as non-CO2 is likely 
to be less affected (Forster et al. 2020). The reduction is 
unprecedented and significantly larger than the reduction of 
0.9 per cent in CO2 emissions during the 2007–2008 global 
financial crisis (0.6 per cent for all GHGs). 

Most relevant for climate, is how countries respond in 
the years beyond 2020. Previous analysis has shown that 
emissions often rebound after crises (Peters et al. 2012), 
though the nature of the rebound depends on the crisis 

(Hanna, Xu and Victor 2019). As the COVID-19 crisis eases 
emissions will rebound, but how far and how fast is highly 
uncertain (IEA 2020d) and depends primarily on the choices 
made by governments. If COVID-19 recovery packages focus 
on accelerating the ongoing renewable energy transition, 
then emissions may continue to decline depending on 
how large and long-term the recovery packages are (see 
chapter 4).
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2.3 Achievement of Cancun Pledges 
by G20 members, considering the 
potential impact of COVID-19

Collectively, G20 members are projected to overachieve 
their Cancun Pledges.8 Even without consideration of the 
potential impacts of COVID-19, Australia, Brazil, China, 
EU27+UK, India, Japan, the Russian Federation, and this 
year, also South Africa, are projected to meet their 2020 
pledges with currently implemented policies. For South 
Africa, the change compared with the 2019 assessment 
reflects revised (lower) historical emissions data as well as 
lower projections from the new Integrated Resource Plan 
(Climate Action Tracker 2019; Keramidas et al. 2020). For 
Australia, the Government projected in December 2019 
that they would miss its “point in time” 2020 target, but will 
overachieve its carbon budget target for the 2013–2020 
period (Commonwealth of Australia 2019). Several individual 
members (Canada, Indonesia, Mexico, the Republic of Korea 
and the United States of America) are still projected to miss 
their pledges or are not expected to achieve them with 
great certainty. 

Consideration of the potential impacts of COVID-19 is 
only likely to change this conclusion for the United States 
of America, where available assessments suggest that 
the country will achieve its Cancun Pledge (reducing GHG 
emissions to 17 per cent below 2005 levels) when accounting 
for the expected impact of COVID-19. The latest analysis 
by the U.S. Energy Information Administration projects 
a 10 per cent decrease in energy-related CO2 emissions 
in 2020 compared with 2019 (U.S. Energy Information 
Administration [EIA] 2020), partly due to the effects of 
fuel switching. The Rhodium Group (Larsen et al. 2020) 
and Climate Action Tracker (2020b) estimate reductions 
of 10–16 per cent and 10–11 per cent (excluding LULUCF), 
respectively, for all GHGs. 

Few country-specific estimates are available for other 
countries. If it is assumed that the 2–12 per cent reduction in 
CO2 emissions in 2020 (referred to earlier in this chapter; Le 
Quéré et al. 2020) applies to all GHG emissions of individual 
G20 members, Canada, Mexico and the Republic of Korea 
are still unlikely to achieve their pledges based on latest GHG 
inventory data (2017 for Mexico and the Republic of Korea, 
2018 for Canada) and emission trends in recent years. For 
Indonesia, it remains uncertain whether 2020 emissions 
would meet their Cancun Pledge, due to the uncertainty on 
LULUCF emissions.

8  European Union Member States are not assessed individually. Argentina, Saudi Arabia and Turkey have not made 2020 pledges.
9 Current policy scenario projections assume that no additional mitigation action is taken beyond current policies, even if it results in NDC targets 

not being achieved or being overachieved (United Nations Environment Programme [UNEP] 2015; den Elzen et al. 2019). Current policy projections 
reflect all adopted and implemented policies, which for the purpose of this report are defined as legislative decisions, executive orders or their 
equivalent. This implies that officially announced plans or strategies alone would not qualify, while individual executive orders to implement such 
plans or strategies would qualify.

10 As Turkey has not ratified the Paris Agreement, its submission to the UNFCCC remains an INDC. Acknowledging this, the report refers to NDCs for 
simplicity in the rest of the chapter.

2.4 Assessment of G20 members’ 
progress towards NDC targets

This section assesses the progress of G20 members 
towards their NDC targets based on emissions projections 
published before the COVID-19 pandemic (section 4.2.1), 
and also provides some preliminary findings regarding the 
potential impact of COVID-19 and related policy responses 
on G20 emissions by 2030 (section 4.2.2). 

Projections of GHG emissions were compiled and reviewed 
to assess the emission levels expected for G20 members 
under existing policies (the ‘current policies scenario’)9 and 
whether the members are likely to meet their respective 
emissions reduction targets for 2030. Projections of 
the current policies scenario assume that no additional 
mitigation policies and measures are taken beyond those 
adopted and/or implemented as of a certain cut-off date 
(den Elzen et al. 2019).

The progress assessment is based on the first NDCs 
(INDC for Turkey).10 As at mid-November 2020, no G20 
member has officially submitted a new or updated NDC 
to reflect a revised NDC target (Japan resubmitted its 
original NDC target in March 2020) (United Framework 
Convention on Climate Change [UNFCCC] undated a). This 
report follows the methodology of den Elzen et al. (2019) to 
enable a robust comparison of projections from different 
data sources, including both official sources published by 
G20 governments and sources published by independent 
research institutions. European Union Member States 
are not assessed individually, and all projections for the 
European Union include the United Kingdom. 

The most important caveat for the 2020 assessment 
is the impact of the COVID-19 pandemic on the current 
policies scenario projections. As most projections to date 
were published or prepared before the pandemic was 
declared, they do not account for its potentially significant 
impact not only for emission trends in 2020 and 2021, 
but also until 2030. As previously mentioned, the impact 
of the pandemic on 2030 emissions projections for some 
individual G20 members is discussed in section 2.4.2. 
Other important caveats are similar to those of previous 
Emissions Gap Reports (adapted from den Elzen et al. 
2019). First, whether a country is projected to achieve or 
miss its Cancun Pledge or NDC targets with existing policies 
depends on both the strength and stringency of the existing 
climate policy packages and the ambition level of the 
targets given structural factors (such as demographic and 
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macroeconomic trends) that shape how easy or difficult a 
target is to achieve. Although targets have been assessed 
as diverging in ambition, this report does not assess the 
degree of each country’s efforts to achieve a certain 
mitigation projection, and does not assess the ambition of 
the targets in the context of equity principles. Countries that 
are projected to achieve their NDCs with existing policies 
are therefore not necessarily undertaking more mitigation 
actions than countries that are projected to miss them, and 
vice versa. Second, current policies scenario projections are 
subject to the uncertainty associated with macroeconomic 
trends, such as gross domestic product (GDP), population 
growth and technology developments, as well as the impact 
of policies. Some Cancun Pledges and NDCs are also subject 
to the uncertainty of future GDP growth and other underlying 
assumptions. These all add to the fundamental uncertainty 
resulting from COVID-19.

Up-to-date emissions projections published since November 
2019 were collected from official documents, namely 

11 Japan’s ‘with measures’ scenario is excluded as it also considers the expected impact of planned policy measures (Government of Japan 2019a) 
and is therefore not considered a current policy scenario under the definition used in the UNEP Emissions Gap Report series.

countries’ recently published National Communications 
and fourth biennial reports of five G20 members (‘with 
measures’ scenarios).11 Estimates were also collected for 
the current policies scenario and NDC scenario projections 
from independent studies and several new national models 
and integrated assessment model studies for China, India, 
Japan, the Russian Federation and the United States of 
America through the Linking Climate and Development 
Policies – Leveraging International Networks and Knowledge 
Sharing (CD-LINKS) project (Roelfsema et al. 2020), as well 
as independent global studies, such as the Climate Action 
Tracker (2019), Joint Research Centre of the European 
Commission (Keramidas et al. 2020) and PBL Netherlands 
Environmental Assessment Agency (Kuramochi et al. 2019; 
PBL 2020; Roelfsema et al. 2020). All data sources, including 
the updated studies, are presented in table 2.2. Policy cut-
off dates ranged from 2017 to 2019 across studies. The 
emissions figures include LULUCF, unless otherwise stated. 

Table 2.2. Official and independent sources used to estimate emissions in the target year under the NDC and current 
policies scenarios for G20 members

Country NDC scenario: 
Official data 
sources1

Current policies scenario: 
Official data sources

Current policies scenario and NDC scenario:2 
Independent sources (1. global models and  
2. national models) 

Argentina Revised NDC 
(Government of 
Argentina 2016)

N/A 1. Climate Action Tracker (2019), Joint 
Research Centre (Keramidas et al. 2020), 
University of Melbourne (Meinshausen 
and Alexander 2017) (NDC only)

2. Keesler, Orifici and Blanco (2019)

Australia N/A Commonwealth of Australia 
(2019), UNFCCC Biennial 
Reports data portal (BR4) 
(UNFCCC undated b)

1. Climate Action Tracker, Joint Research 
Centre, PBL (Kuramochi et al. 2019; PBL 
2020; Roelfsema et al. 2020), University of 
Melbourne (NDC only)

2. Climate Works Australia (ClimateWorks 
Australia 2018)

Brazil NDC (UNFCCC 
undated a)

N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL, University of Melbourne (NDC 
only)

2. Graduate School of Engineering (COPPE) 
(Rochedo et al. 2018) 

Canada NDC, Environment 
and Climate Change 
Canada (2020a) 

UNFCCC Biennial Reports 
data portal (BR4) 

1. Climate Action Tracker, Joint Research 
Centre, PBL, University of Melbourne (NDC 
only)
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China N/A N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL, CD-LINKS (Roelfsema et al. 
2020), University of Melbourne (NDC only), 
Pacific Northwest National Laboratory 
(PNNL) (NDC only) (Fawcett et al. 2015)

2. National Center for Climate Change 
Strategy and International Cooperation 
(NCSC) (Fu, Zou and Liu 2017),3 Energy 
Research Institute (ERI) – Integrated 
Policy Assessment Model for China 
(IPAC) (Roelfsema et al. 2020), Tsinghua 
University – The Integrated MARKAL-
EFOM System (TIMES) (Roelfsema et al. 
2020)

EU27+UK European 
Environment 
Agency (EEA) (2019)

EEA (2019), European 
Commission (2018; 2020b)

UNFCCC Biennial Reports 
data portal (BR4, ‘with 
measures’ scenario only)

1. Climate Action Tracker, Joint Research 
Centre, PBL, University of Melbourne (NDC 
only)

India N/A N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL, CD-LINKS (Roelfsema et al. 
2020), University of Melbourne (NDC only), 
PNNL (NDC only)

2. Mitra et al. (2017), Dubash et al. (2018), 
The Energy and Resources Institute 
(TERI) – MARKAL (Roelfsema et al. 2020), 
Indian Institute of Management (IIM) – 
Asian-Pacific Integrated Model (AIM) India 
(Roelfsema et al. 2020) 

Indonesia NDC N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL, University of Melbourne (NDC 
only)

Japan NDC N/A4 1. Climate Action Tracker, Joint Research 
Centre, PBL, CD-LINKS (Roelfsema et al. 
2020), University of Melbourne (NDC only)

2. National Institute for Environmental 
Studies (NIES) – AIM/Enduse model 
(Roelfsema et al. 2020), Research Institute 
of Innovative Technology for the Earth 
(RITE) – DNE model (Roelfsema et al. 
2020)

Mexico NDC, Government of 
Mexico (2015)

N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL

Russian 
Federation

NDC (UNFCCC 
2017)

UNFCCC Biennial Reports 
data portal (BR4)

1. Climate Action Tracker, Joint Research 
Centre, PBL, CD-LINKS (Roelfsema et al. 
2020), PNNL (NDC only)

2. HSE – TIMES model (Roelfsema et al. 
2020)
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Saudi 
Arabia

N/A: Saudi Arabia 
did not formulate 
a post-2020 GHG 
target (UNFCCC 
undated a) 

N/A 1. Climate Action Tracker (based on 
King Abdullah University of Science 
and Technology [KAUST] 2014), Joint 
Research Centre 

South 
Africa

NDC N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL

Republic of 
Korea

NDC N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL

Turkey INDC (UNFCCC 
2017)

UNFCCC Biennial Reports 
data portal (BR4)

1. Climate Action Tracker, Joint Research 
Centre, PBL

United 
States of 
America

NDC, United States 
Department of State 
(2016) 

N/A 1. Climate Action Tracker, Joint Research 
Centre, PBL, CD-LINKS (Roelfsema et al. 
2020) 

2. PNNL – GCAM model (Roelfsema et al. 
2020), Chai et al. (2017), Rhodium Group 
(Larsen et al. 2020)

Notes:
1. References provided only when the NDC emission levels are available in absolute terms. 
2. Data collected when NDC target emission levels in absolute terms were not available in official documents.
3. Augmented with historical non-CO2 GHG emissions data from China’s First Biennial Update Report on Climate Change (People’s 

Republic of China 2016), combined with the median estimate of the 2010–2030 non-CO2 emissions growth rates for China from 
five integrated assessment models (Tavoni et al. 2014), to produce economy-wide figures.

4. The ‘with measures’ scenario from the latest biennial report is not included because it is an NDC achievement scenario, which 
includes planned policies. 

Source: Updated from den Elzen et al. (2019) 

12 All emissions projections for the European Union reviewed in this report include the United Kingdom. 

2.4.1 Progress assessment based on pre-COVID-19 
studies

This section assesses progress of G20 members towards 
their NDC targets based on emissions projections published 
before the COVID-19 pandemic, as few updates considering 
the potential impact of COVID-19 and related policy 
responses were available as at October 2020. An assessment 
of the potential impact of the pandemic on emissions by 
2030 based on a limited set of studies is provided in section 
2.4.2. Although, the emissions projections reviewed here do 
not consider the implications of COVID-19 on future GHG 
emissions, they provide important information about the 
impact of recent policy developments in respective G20 
member countries and regions. 

Collectively, G20 members are not on track to achieve their 
unconditional NDCs based on current policies. Nine of the 16 
G20 members, counting the EU27+UK as one member, are 
likely to achieve their unconditional NDC targets (INDC for 
Turkey) under current policies (fi gure 2.6). These members 
are Argentina (new compared with the 2019 assessment), 

China, EU27+UK,12 India, Japan (back in this group since 
the 2018 assessment), Mexico, the Russian Federation, 
South Africa (new) and Turkey (see table 2.3). Among them, 
four countries (Argentina, India, the Russian Federation 
and Turkey) are projected to reach emission levels that are 
14–34 per cent lower than their respective NDC emissions 
target levels (fi gure 2.6). 

The assessment has changed compared with the 2019 
assessment for the following three countries: 

 ▶ Argentina is now expected to achieve its 
unconditional NDC target with current policies. The 
median projection from independent analyses has 
been revised downward, partially due to downward-
revised economic growth and LULUCF projections 
(see table 2.4 for recent developments). 

 ▶ For Japan, current policies scenario projections 
for 2030 have been close to the NDC target for the 
past several years. The country’s GHG emissions 
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have been decreasing continually since 2013 due to 
increased renewable electricity generation, reduced 
electricity consumption and reduced total end-use 
energy consumption. 

 ▶ For South Africa , the central estimate from 
independent analyses (see table 2.2) has been 
revised significantly downward. This is mainly due to 
the consideration of the recently updated Integrated 
Resource Plan (see table 2.4 for details) (Republic 
of South Africa, Department of Energy 2019) and 
the likelihood of its implementation, as well as the 
most recent national GHG inventory report that noted 
flattened emission trends between 2010 and 2015. 

Substantial changes in the current policies projections 
compared with the 2019 assessment are also observed for 
other G20 members projected to achieve their unconditional 
NDC targets: 

 ▶ The central estimate for the EU27+UK was 
revised downward, meaning it is now projected 
to overachieve its 40 per cent GHG reduction 
target for 2030. The change in assessment mainly 
reflects that the underlying studies now account 
for the full implementation of directives, regulations 
and legislation adopted in 2018 and 2019 that 
comprise the Clean Planet for All policy package. 
According to a baseline scenario that assumes 

full implementation of adopted policies in climate, 
energy and transport, emissions for the EU27 could 
reduce around 45 per cent below 1990 levels by 2030 
(European Commission 2020b). If the status of policy 
implementation is considered at the level of European 
Union Member States, studies indicate that additional 
collective effort is required both by Member States 
and the European Union to meet its energy efficiency 
target as part of the NDC (EEA 2019). Additional 
Member State measures are in preparation, as 
indicated by the national energy and climate plans 
submitted in 2020, which have been assessed by the 
European Commission as being consistent with a 
41 per cent reduction (European Commission 2020a) . 

 ▶ The central estimate for the Russian Federation’s 
2030 emissions projections decreased by about 
300 MtCO2e due to the independent analyses’ 
consideration of the 2019 national GHG inventory 
report, which made significant downward revisions on 
the historical emissions data compared with previous 
inventory reports. 

For other G20 members that are projected to meet their NDC 
targets, India’s 2030 emissions projections show a small 
decrease, partly due to a strong growth in renewable energy 
deployment, while the projections for China, Mexico and 
Turkey have not changed substantially compared with the 
2019 assessment.

Figure 2.6. GHG emission projections (all gases and sectors, including LULUCF) for individual G20 members by 2030 
under different scenarios published before the COVID-19 outbreak and compared with historical emissions from national 
GHG inventories

Figure 2.6a.
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For five G20 members, GHG emissions by 2030 are projected 
to fall short of their unconditional NDC target and require 
further action of varying degree: Australia, Brazil, Canada, 
the Republic of Korea and the United States of America.

 ▶ For Australia and the Republic of Korea, the central 
estimates of independent analyses remain consistent 
with those of the 2019 assessment. 

 ▶ For Brazil, the central estimates of independent 
analyses have increased from the 2019 assessment 
due to an upward revision of emissions projections in 
the land-use sector. 

 ▶ For Canada, the emissions projections are revised 
downward compared with their previous assessments 
in both official (Environment and Climate Change 
Canada 2020b) and independent analyses (in part due 
to a large downward revision by the Joint Research 
Centre (Keramidas et al. 2020)). However, overall, the 
nation is still projected to miss its NDC target, unless 
policies are strengthened. Canada has acknowledged 
this and in September 2020 it committed to bring 
forward enhanced measures that will allow the 
country to meet and exceed its target.

 ▶ For the United States of America, the government 
has revised, rescinded and/or replaced regulations, 
but the GHG emissions projections remain similar 

to previous projections. The central estimate for 
2025 under current policies scenario projections is 
still far from the NDC target level (central estimate: 
5.8 GtCO2e compared with 4.7 GtCO2e). As the 
withdrawal of the United States of America from the 
Paris Agreement took effect on 4 November 2020, the 
country no longer has an official NDC. However, its 
former NDC for 2025 is still included as a reference. 
In November 2020, Joe Biden won the presidential 
election (NBC News 2020). President-elect Biden 
intends an immediate return to the Paris Agreement 
(Biden 2020). This can be achieved in 2021, without 
the intervention of Congress. 

 ▶ For the Republic of Korea, it should be noted that the 
current policies scenario projections could be revised 
downward significantly, when the total amount of 
emissions allowances (caps) under Korean Emissions 
Trading Scheme (K-ETS) are set for years towards 
2030 and reflected in the emissions projections. 
According to the third Master Plan for the K-ETS 
established in December 2019, the emissions caps 
for Phase III (2021–2025) will be strictly set to be 
consistent with the annual target emissions from the 
2030 Greenhouse Gas Reduction Roadmap, while the 
emission caps for Phase IV will be set to achieve the 
NDC target for 2030. The emissions cap for Phase III 
has recently been set (see table 2.4). 

Figure 2.6b.
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Notes: i) The data sources of the scenarios are described in table 2.2. ii) For reporting reasons, the emission projections for China, 
the EU27+UK, India and the United States of America are shown in figure 2.6a, and the other countries shown in figure 2.6b, using two 
different vertical axes. iii) For the United States of America, which withdrew from the Paris Agreement on 4 November 2020, the former 
NDC for 2025 is presented for reference (hatched).
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Table 2.3. Assessment of G20 member’s progress towards achieving unconditional NDC targets under current policies 
based on independent studies published before the COVID-19 outbreak

Projected to meet the unconditional 
NDC target with currently 
implemented policies

Expected to meet the unconditional NDC target 
with additional policy measures and/or stricter 
enforcement of existing policies

Uncertain or 
insufficient 
information

Overachievement 
of the target by 
more than 15 per 
cent

Overachievement 
of the target by 
less than 15 per 
cent* 

Projected emissions 
0–15 per cent above 
the NDC target

Projected emissions 15 
per cent or more above 
the NDC target

 • Argentina (2 of 
3 studies, one 
within reach)

 • Russian 
Federation (5 
of 5 studies)1

 • Turkey (INDC; 3 
of 3 studies)

 • China (2 of 6 
studies, one 
within reach)

 • EU27+UK (1 
of 3 studies, 
one within 
reach)1, 2, 3

 • India (6 of 
7 studies)

 • Japan (2 of 4 
studies, one 
within reach)

 • Mexico (2 of 
3 studies)

 • South Africa (2 
of 3 studies)4

 • Australia (4 of 
4 studies)1

 • Brazil (4 of 4 studies)

 • Canada (3 of 3 studies)1

 • Republic of Korea (3 of 
3 studies)5

 • United States of 
America (2025; 7 of 
7 studies. Withdrawn 
from the Paris 
Agreement) 

 • Indonesia (1 of 3 
studies projects 
meeting the target, 
1 study projects 
target within reach)

 • Saudi Arabia (1 of 
2 studies projects 
meeting the target, 
one within reach)

Notes: The assessment is based on the number of independent studies (table 2.2) that support the findings. These are compared to 
the available studies, as indicated in brackets, and the average estimate (median for countries with five studies or more) of the current 
policies scenario projections across all studies with the average 2030 NDC target.

1. Current policies scenario projections from official publications were also examined. The number of scenarios that support 
the above findings out of the total number of official scenarios are: Australia: 1 of 1; Canada: 1 of 1; Russian Federation: 1 of 1; 
European Union: 2 of 4 (see chapter footnote 4).

2. Climate Action Tracker indicates that upper-end projections would miss the NDC target range. Joint Research Centre analysis 
projected that the European Union would almost reach the target, with less than 10 MtCO2e difference by 2030. 

3. Three official studies for EU27+UK (European Commission 2018; EEA 2019; UNFCCC undated b (BR4, ‘with measures scenario’)) 
and one official study for EU27 (European Commission 2020b) were assessed in addition to three independent studies. The 
evaluation was made based on an independent analysis by PBL that took into account the best recently adopted policy packages 
(Kuramochi et al. 2019) and official projections that considered full implementation of current European Union-wide policies 
(European Commission 2018; European Commission 2020b).

4. South Africa’s current policies scenario projections were compared with the upper-bound estimate of the NDC range.

5. The Korean Emissions Trading Scheme (K-ETS) is an instrument to fully achieve the country’s NDC target and covers about 
70 per cent of its GHG emissions. At the time when three studies containing emissions projections for the Republic of Korea were 
conducted, a Master Plan for K-ETS Phase III (2021–2025) and IV (2026–2030) and a National Emission Allowance Allocation 
Plan for Phase III were not established. Thus, the three independent studies do not explicitly assume an implementation of the 
emissions caps consistent with the NDC target for the phases after 2020, which partially explains why they project the Republic of 
Korea to miss its NDC target under current policies. 

Studies do not agree on whether Indonesia and Saudi 
Arabia are on track to meet their unconditional NDCs. 
For Indonesia, this mainly results from the uncertainty 
surrounding LULUCF emissions due to peat fires. The 
projection this year is considerably lower than the previous 
assessment due to updated GHG inventory data and 
the upward revision of renewable electricity generation 

projections (Kuramochi et al. 2019). For Saudi Arabia, the 
limited information about its NDC target and policies to 
achieve this target prevented a detailed assessment of the 
country’s progress. 

Collectively, G20 members are not on track to achieve their 
unconditional NDCs based on current policies. The aggregate 
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emissions of G20 members by 2030 are projected to be 40.1 
GtCO2e13 (range: 35.8–42.6 GtCO2e), which is 0.9 GtCO2e 
lower than projected in the 2019 report and about 26 per cent 
above 2010 levels (range: 7–48 per cent). These estimates 
do not consider the potential implications of the COVID-19 
pandemic and related economic responses, but instead 
reflect various factors, including the impact of policies 
adopted in recent years, as well as revisions in GHG inventory 
data, changes in emissions scenario methodologies and 
underlying assumptions on macroeconomic drivers. Current 
policies imply increased 2030 emissions compared with 
2010 levels for several G20 members (Argentina, Brazil, 
China, India, Indonesia, Mexico, the Republic of Korea, 
Russia, Saudi Arabia and South Africa).

Collectively, G20 members need to reduce their GHG 
emissions further by about 0.3 GtCO2e per year by 2030 to 
achieve unconditional NDC target emission levels and by 
about 2.4 GtCO2e per year to achieve conditional NDC target 
emission levels. If the 1.7 GtCO2e per year overachievement 
of unconditional NDCs by India, the Russian Federation and 
Turkey are excluded, and it is assumed that these countries 
will follow their current policies trajectory rather than that 

13 Central estimate of three studies that cover all G20 members (Climate Action Tracker 2019a; Kuramochi et al. 2019; Keramidas et al. 2020).
14 The values presented here are smaller than those reported in the 2019 report, though this is largely due to the 2019 report using an extrapolated 

2030 estimate for the NDC of the United States of America, which was for 2024, whereas this year’s report uses the former NDC emission levels for 
2025 as they are. 

implied by their unconditional NDCs (as done in many 
NDC scenario projections from global models presented in 
chapter 3), then the G20 members will be collectively short of 
achieving both unconditional and conditional NDCs by about 
2.1 GtCO2e per year and 3.4 GtCO2e per year, respectively, by 
2030. The estimated difference between the current policies 
scenario and NDC scenario projections for G20 members 
remains similar to 2019 Emissions Gap Report projections.14 

A sizeable number of policies adopted by G20 members 
over the past year have the potential to positively and 
negatively affect progress towards NDC targets (table 2.4). 
Many of these policies were adopted after the publication 
of the scenario studies reviewed in this section and were 
therefore not taken into account. Although several policies 
are expected to have positive mitigation outcomes, there 
are many that have negative implications for emissions, 
such as fossil fuel extraction projects, coal-fired power 
plant construction plans, and rollbacks of environmental 
regulations during the COVID-19 pandemic, as table 2.4 
illustrates (for COVID-19 implications, see section 2.4.2 
and chapter 4). 
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Table 2.4. Overview of key policy measures adopted by G20 members in 2019 and 2020 that would significantly affect the 
achievement of NDC targets, including selected COVID-19 measures

Country/
region

Key policy measures adopted in 2019 and 2020 

Argentina  • In November 2019, the National Climate Change Law on Adaptation and Mitigation was approved in 
Congress by consensus. 

 • The future of ‘Vaca Muerta’ (large reserve of shale oil and gas) remains highly uncertain. Its economic 
viability and attractiveness are at stake due to a plunge in oil prices and reduced demand. The 
Government is renegotiating its foreign debt with the International Monetary Fund (IMF), with the 
future of Vaca Muerta dependent on the results of these negotiations.

Australia  • No new renewable energy targets for post-2020 have been put forward (the 2020 target was achieved 
a year early).

 • The Government has announced plans to support investment in natural gas, in a gas-led recovery to 
the pandemic, including through government investment in gas infrastructure.

 • The Technology Investment Roadmap Discussion Paper, published in May 2020, proposes changing 
the remit of two renewable energy government agencies and advocates for natural gas and carbon 
capture and storage (CCS).

 • The First Low Emissions Technology Statement, published in September 2020, outlines the five 
technologies requiring investment for emissions reduction: clean hydrogen, energy storage, low-
carbon materials, CCS and soil carbon sequestration. A new AUD 1.9 billion investment package was 
also announced in September 2020 to support the above activities and energy productivity, excluding 
support for renewable energy technologies.

Brazil  • The Government has recently approved the Forest+ project, which will fund environmental services 
linked with conservation efforts. However, rollbacks continue to hinder efforts to stop deforestation.

 • Three-quarters of the latest energy auction (October 2019) went to renewable energy, with the 
remainder going to natural gas. Solar (18 per cent) had the lowest cost of all technologies. Despite 
this, investments in fossil fuel energy infrastructure still dominate the current 10-year energy plan. The 
spring 2020 auction was postponed due the pandemic.

Canada  • The Minister of Environment and Climate Change reversed his 2019 decision not to subject a coal 
mine expansion project to a federal environmental impact assessment after claims that such action 
was inconsistent with Canada’s founding member status of the Powering Past Coal Alliance.

 • Canada has announced that it will establish a Clean Power Fund to help finance the development and 
linking of clean energy to transmission systems, including support for an Atlantic Loop that will help 
the country’s most eastern provinces transition away from coal-fired electricity generation.

 • Regulations regarding fugitive and venting CH4 emissions from upstream oil and gas production came 
into effect at the beginning of 2020. These regulations are part of Canada’s commitment to reduce 
CH4 emissions in the sector by 40–45 per cent below 2012 levels by 2025. 

 • Canada continues to invest in electric vehicle (EV) charging infrastructure and has provided funding 
to support EV purchase incentives as part of its sales targets for EVs of 10 per cent by 2025, 30 per 
cent by 2030 and 100 per cent by 2040. Further support measures are anticipated as part of COVID-19 
economic recovery measures.
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 • Mandatory carbon pricing has been in effect across Canada since 2019. Provinces and territories 
may implement their own pricing systems, provided that they meet certain criteria, or apply the 
federal system. The federal carbon pricing system consists of a charge on fossil fuels and a regulated 
emissions trading system for heavy industry. For direct pricing systems in Canada, the carbon price is 
CAD 30/tCO2e in 2020, which will rise to CAD 10/year to CAD 50/tCO2e in 2022. Some provinces have 
challenged the constitutionality of the carbon pricing legislation, with lower courts split on the issue. 
Canada’s top court heard the case in September 2020 and reserved judgment. 

China  • The new coal-fired power monitor up to 2023 allows or restricts provinces to permit construction of 
new coal-fired power plants. Restrictions were rolled back compared with the 2019 monitor, with more 
provinces permitted to construct new plants.

 • The target for the new energy vehicles (NEVs) market share in total car sales was raised from 20 
per cent to 25 per cent by 2025, with the Government extending the NEV purchase tax exemption 
programme and subsidies programme until 2022.

 • Partly in response to COVID-19, the Government will prioritize acceleration of its New Infrastructure 
Plan. In 2020, China added 200,000 EV charging facilities nationwide, which is an increase of 
about 16.5 per cent compared with 2019. As at October 2020, 21 ultra-high voltage (UHV) power 
transmission projects have been commissioned, six of which are under construction. Infrastructure 
to connect large-scale rural renewable projects to densely populated areas, along with new inter-city 
high-speed rail networks will also be promoted. 

 • China will scale up its NDC by adopting more vigorous policies and measures. China aims to peak CO2 
emissions before 2030 and achieve carbon neutrality before 2060 (Ministry of Foreign Affairs of the 
People’s Republic of China 2020).

European 
Union

 • The European Union adopted the European Green Deal to become climate neutral by 2050 in 
December 2019. The European Green Deal includes the development of a climate law, which was 
proposed by the European Commission in March 2020 and is in discussion between the European 
Council and European Parliament.

 • In July 2020, the European Council (European Union Heads of State and government) agreed on 
the main elements of a proposed recovery package known as NextGenerationEU. This package is 
additional to the European Union’s 2021–2027 budget and would total EUR 750 billion in grants and 
loans. Thirty per cent of NextGenerationEU funds and the European Union’s long-term budget for 
2021–2027 have been earmarked for climate action. All funds will support the 2030 climate target and 
2050 climate neutrality objective.

 • In September 2020, the European Commission proposed that the European Union increase its 
domestic emissions target to at least 55 per cent below 1990 levels by 2030 (including LULUCF). 
In October 2020, the European Parliament voted for a reduction of 60 per cent. Considerations are 
ongoing in the European Council on how to revise the target.

India  • No new coal-fired power plants were built in the first half of 2020 and the country’s coal fleet shrank 
by 0.3 GW. However, there are still plans to expand coal-fired power generation in the future. Domestic 
coal production could reach record levels in 2020. 

 • India plans to expand solar investments in its agriculture sector to develop 25 GW of capacity by 2022 
through the Pradhan Mantri-Kisan Urja Suraksha evam Utthan (PM-KUSUM) scheme. (At the national 
level, India has a renewable energy capacity target of 175 GW by 2022).

 • The second phase of the Faster Adoption and Manufacturing of Electric Vehicles (FAME II) project, 
which came into effect in April 2019, provides support to EV purchases and charging infrastructure.

 • Indian railways aims to completely electrify the network by 2023 and in July 2020 announced its plans 
to achieve net-zero emissions by 2030.
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Indonesia  • In January 2020, the Government put a cap on domestic coal below market value to boost 
consumption. It also plans to subsidize fuel for industries and businesses using roughly 14 per cent of 
the budget reserved for its National Economic Recovery programme.

 • Indonesia has postponed the 2020 geothermal auctions, with the demand for solar photovoltaic 
(PV) panels dropping 70 per cent during the pandemic, due to reduced household and government 
spending for rooftop installations.

Japan  • The Government aims to establish a concrete plan to phase out the country’s inefficient coal-fired 
power plants. 

 • According to Japan’s new strategy on coal-fired power plant finance overseas, the Government 
will not, in principle, support the installation of projects in countries whose energy issues and 
decarbonization policies have not been deeply accounted for in a bilateral context (the strategy does 
not apply to ongoing projects). 

 • The new midterm deployment plan for offshore wind power will be proposed by the end of 2020 
through the Public-Private Council on Enhancement of Industrial Competitiveness for Offshore Wind 
Power Generation. 

Mexico  • Mexico passed a bill on fiscal support to its state-owned petroleum company (Pemex), which would 
allow Pemex to continue its investments in oil exploration and extraction. 

 • The Government established a policy to strengthen energy security in the country, which effectively 
halts private renewable energy investment in Mexico and prioritizes state-owned fossil fuel-fired 
power plants supplied with coal, heavy oil and natural gas. However, as the judiciary processes 
against this policy are still ongoing, the renewable electricity dispatch continues and its use has not 
been affected. No significant renewable power capacity has been added in 2020, with the dispatch of 
renewables in the country’s electricity matrix (excluding large hydropower) reaching just 13 per cent in 
September 2020.

Republic of 
Korea

 • The Ninth Electricity Plan is currently in development, but its draft already includes electricity 
generation targets that are lower for coal and nuclear and higher for renewables and natural gas, 
compared with the Eighth Electricity Plan. The new plan’s targets for 2034 are 17 per cent for nuclear, 
15 per cent for coal, 32.3 per cent for natural gas and 40 per cent for renewables.

 • The Government’s Green New Deal includes a plan to boost renewable energy deployment (with the 
focus on offshore wind farms and building installations) and low-carbon infrastructure, as well as 
support to build a smart grid for efficient energy management and put 1.13 million EVs and 200,000 
hydrogen vehicles on the roads by 2025.

 • In October 2020, the National Emission Allowance Allocation Plan for Phase III (2021–2025) was 
established. The plan sets the total emission allowances (caps) for Phase III. According to the plan, the 
portion of allowances allocated through an auction is being increased to 10 per cent, with the number 
of industries that have a benchmark methodology applied for free allocation also set to increase 
compared with Phase II.

Russian 
Federation

 • The long-delayed 2035 Energy Strategy was adopted in June 2020, which focuses on expanding fossil 
fuel production, exports and domestic consumption. Plans for expanding renewable energy generation 
are absent. 

 • A draft energy efficiency plan, published in August 2020, sets a 2030 target of reducing total energy 
intensity of GDP by 20 per cent below 2017 levels. 
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Saudi 
Arabia

 • The Government launched the third round of its National Renewable Energy Program, tendering 1.2 
GW of solar PV. Rounds 1 and 2 tendered around 2.2 GW of solar PV in total. 

 • As part of the economic recovery response to the pandemic, the Government has temporarily 
increased consumers’ electricity subsidies in commercial, industrial and agriculture sectors. These 
subsidies provide additional support to the electricity system, powered almost exclusively by 
fossil fuels.

South 
Africa

 • South Africa has revised its 2011 Integrated Resource Plan. The 2019 Integrated Resource Plan aims 
to decommission over 35 GW (of 42 GW currently operating) of Eskom’s coal generation capacity by 
2050 (5.4 GW by 2022 and 10.5 GW by 2030). The plan also includes the construction of 7.2 GW of new 
coal capacity, 15.8 GW of wind capacity and 7.4 GW of solar capacity by 2030.

 • In 2020, the chemicals and energy group Sasol announced the launch of a 2030 emissions road map 
for its South African operations. The road map details its path to at least a 10 per cent reduction in 
GHG emissions by 2030 compared with a 2017 baseline, and was developed with a long-term view.

Turkey  • Turkey continues to expand its coal-fired power generation with almost 32 GW of planned capacity in 
various stages of planning; 1.3 GW of this is currently under construction.

 • Turkey announced that it would seek tenders for small-scale renewable projects of 1 GW in total in 
early 2021. Some renewable energy auctions have already taken place, such as the 1 GW solar PV 
auction in 2017 and two 1 GW onshore wind auctions in 2017 and 2019, respectively.

 • Since 2019, Turkey has had the energy saving target of 15 per cent for public buildings, which it aims to 
achieve by 2023 as part of its National Energy Efficiency Action Plan 2017–2023. 

United 
Kingdom

 • The United Kingdom will phase out coal-fired power generation earlier than originally planned after 
bringing forward the phase-out date by one year to 2024. In the first half of 2020, the country went 67 
days without coal-fired power, the longest period since the Industrial Revolution began.

 • GBP 70 million has been allocated to support hydrogen developments, including two production 
plants. However, a comprehensive strategy for the sector has not yet been developed.

 • The United Kingdom was considering moving its ban on new petrol and diesel cars forward by five 
years from 2040 to 2035 and held public consultations at the beginning of 2020. In November 2020, 
the Government announced it was considering more ambitious plans to bring the ban forward by 10 
years to 2030. A decarbonization plan for the entire transport sector is expected by the end of the year.

United 
States of 
America

 • The United States of America withdrew from the Paris Agreement on 4 November 2020.

 • The Clean Power Plan, which aimed to reduce emissions from the power sector by 32 per cent below 
2005 levels by 2030, is being replaced with the Affordable Clean Energy (ACE) plan. ACE limits the 
scope of the plan to efficiency measures or CCS technologies. It is currently under at least two legal 
challenges.

 • The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule revised fuel efficiency standards set by the 
previous Administration to less stricter ones. The SAFE rule now requires automakers to improve the 
fuel efficiency of their light duty vehicles by 1.5 per cent annually (previously 5 per cent) and to reach 
40 miles per gallon by 2025 (previously set at 54 miles per gallon). The rule also revokes California’s 
waiver to set its own emission standards for cars and trucks that are stricter than the federal 
standards.

Note: See chapter 4 for an overview of COVID-19 fiscal rescue and recovery measures.

Sources: Based on Climate Action Tracker (2020c); Climate Transparency (2020); Moisio et al. (2020)

To supplement these findings presented, figure 2.7 shows 
projected per capita GHG emissions for the 16 G20 
members, counting the European Union, its three Member 

States and the United Kingdom as one (EU27+UK), under 
the current policies and unconditional NDC scenarios 
based on independent studies and 2010 historical data 
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from national GHG inventories.15 G20 members are shown 
in decreasing order of NDC emissions projections. Overall, 
average G20 annual emissions per capita by 2030 are 
projected to decline compared with 2010 levels under the 
unconditional NDC scenario. The figure illustrates that 
there are large differences in per capita emission levels 
across G20 members. For example, the projected per 
capita emissions of India are about half of the G20 average, 
whereas Saudi Arabia’s per capita emissions are projected 
to reach three times the G20 average by 2030. All but five 
G20 members (the European Union, India, Indonesia, Mexico 
and Turkey) are projected to still emit more than the 2010 

15 Note that the 2010 estimates are not the same as those in the bottom panel of figure 2.2 due to the differences in data sources and the 
consideration of land-use sector emissions. 

16 Australia, Canada, the European Union, Japan, Mexico, the Republic of Korea, Turkey and the United States of America. 

G20 average (7 tCO2e per capita) by 2030 under current 
policies. For comparison, the G20 average per capita 
emissions consistent with 2°C warming would roughly 
be around 5 tCO2e per capita by 2030 (authors’ estimate 
based on den Elzen et al. 2019). Among OECD members,16 
the EU27+UK performs well in terms of both absolute and 
per capita emission levels by 2030 and their change rates 
compared with 2010 levels, although it should be noted that 
their consumption-based emissions are considerably higher 
as shown in figure 2.3. Mexico also performs well in terms 
of the projected development of per capita emissions under 
both current policies and NDC scenarios. 

Figure 2.7. Per capita GHG emissions (including LULUCF) of the G20 and its individual members by 2030 (2025 for the 
United States of America) under NDC and current policies scenarios (central estimates) published before the COVID-19 
outbreak and compared with 2010 historical emissions

Pe
r c

ap
ita

 e
m

is
si

on
s 

(tC
O2

e/
ca

pi
ta

)

30

25

20

15

10

5

0

Turkey Republic
of Korea

South
Africa

Saudi
Arabia

Russia MexicoJapan IndonesiaCanada BrazilAustralia G20
average

Argentina EUChinaUSA India

Notes: i) For the United States of America, which withdrew from the Paris Agreement on 4 November 2020, the former NDC for 2025 
is presented for reference (hatched). ii) Data on historical and projected (medium fertility variant) population per country is taken 
from the 2019 Revision of the World Population Prospects (United Nations Department of Economic and Social Affairs [UN DESA] 
2019). iii) The figures presented here may not exactly match official data due to the differences in data sources. iv) G20 members 
are sorted in decreasing order of NDC emissions projections. v) To estimate G20 total emissions for NDC scenarios, current policies 
scenario projections (central estimates) were used for India, Russia and Turkey. vi) The G20 average for NDCs used the United States of 
America’s 2025 NDC target estimates, while the G20 average for the current policies scenario used the United States of America’s 2030 
emission estimates. 

2.4.2 Estimated impact of COVID-19 and associated 
policy responses on 2030 emissions for 
individual G20 members 

This section summarizes preliminary findings on the 
potential impacts of COVID-19 and associated policy 
responses by G20 members on GHG emissions by 2030. 
By nature, these findings are highly uncertain. First, the 

literature assessing these potential impacts is sparse and 
based on very limited information about how COVID-19 has 
affected the economy and subsequently GHG emissions 
across G20 members in 2020. Second, the literature adopts 
simplistic and speculative assumptions about the longer-
term impacts of COVID-19 and associated responses. 
Third, a comparison of pre- and post-COVID-19 projections 
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requires distinguishing the impact of COVID-19 and 
associated responses from the impact of other factors, 
such as recently adopted policies unrelated to COVID-19, the 
use of updated national GHG inventory data for years 2019 
and earlier, and methodological changes. A synthesis of the 
literature on COVID-19 stimulus measures implemented in 
key emitting economies is presented in chapter 4. 

Looking at individual G20 members, multiple CO2 and/or 
GHG emissions scenario studies are available for seven 

G20 members (table 2.5). Note that the studies included in 
table 2.5 are not fully comparable due to differences in the 
coverage of GHGs and sectors, the scenarios examined and 
scenario definitions across studies. That said, studies on the 
United States of America seem to agree on the magnitude of 
the COVID-19 impact on 2030 emissions projections, noting 
a reduction of around 5–10 per cent compared with pre-
COVID-19 projections. Two studies (Climate Action Tracker 
2020c; IEA 2020e) also indicate that India may see larger 
reductions by 2030 compared with other major emitters. 

Table 2.5. Comparison of 2030 emissions projections post-COVID-19 compared with pre-COVID-19

Country and region IEA World Energy Outlook 
2020 (stated policies 
scenario, energy-related 
CO2 emissions only)1

Climate Action Tracker3 Other studies

Brazil -2.4% -5.2% to -4.4% N/A

China -1.2% -6.0% to -0.5% N/A

EU27 N/A2 -6.6% to -0.1% -0.2% (NDC implementation 
scenario)4

India -18.6% -11.8% to -8.5% N/A

Japan -3.3% -13.2% to -5.5% N/A

Russian Federation -2.4% -6.2% to -1.9% N/A

United States of America -9.6% -9.8% to -5.1% -6.4% to -5.1%5 

Notes: The comparison is based on current policy scenario projections for all GHG emissions excluding LULUCF, unless otherwise noted. 
N/A: not available.

1. IEA (2020e). The stated policies scenario “incorporates our assessment of all the policy ambitions and targets that have been 
legislated for or announced by governments around the world” (IEA 2020e) and “assumes that significant risks to public health are 
brought under control over the course of 2021, allowing for a steady recovery in economic activity”. 

2. Comparison was not possible because World Energy Outlook 2019 included the United Kingdom as part of the European Union, 
whereas World Energy Outlook 2020 excluded the United Kingdom. 

3. Climate Action Tracker (2020c) 

4. European Commission (2020b)

5. Larsen et al. (2020)

2.5 The need to translate long-term net-
zero emissions goals into near-term 
ambition and action 

The message of this chapter is clear: all countries urgently 
need to strengthen their mitigation ambition and accelerate 
action to change current emission trends and get on track 
to achieving the long-term temperature goals of the Paris 

Agreement. This is especially the case for G20 members, 
who account for about 78 per cent of global emissions. 
Most G20 major emitters have only made marginal progress 
in shifting their future emissions trajectories downward 
(Höhne et al. 2020), with several others not even on track 
to meet their NDCs. The most significant and encouraging 
development in 2020 is the growing number of countries that 
are committing to various net-zero emissions goals by 2050. 
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As at November 2020, 126 countries covering 51 per cent 
of global GHG emissions are covered by net-zero goals that 
are formally adopted, announced or under consideration 
(Climate Action Tracker 2020a, based on Energy and Climate 
Intelligence Unit 2020).17 If the United States of America 
were to also adopt a net-zero GHG target by 2050, as 
suggested in the Biden-Harris climate plan (Biden 2020), the 
share could increase up to 63 per cent. Of the G20 members, 
the following have net-zero emissions goals:

 ▶ France legally enshrined its goal to achieve net-
zero GHG emissions by 2050 (Journal officiel de la 
République Française 2019).

 ▶ The United Kingdom legally enshrined its 2050 net-
zero GHG emissions goal (United Kingdom 2019).

 ▶ The European Union aims to be climate neutral 
through achieving net-zero GHG emissions by 2050 
(Croatian Presidency of the Council of the European 
Union and the European Commission 2020).

 ▶ At the United Nations General Assembly, China 
announced its aim for a CO2 emissions peak before 
2030 and to achieve carbon neutrality before 2060 
(Ministry of Foreign Affairs of the People’s Republic 
of China 2020).

 ▶ In October 2020, Japan announced a goal of net-zero 
GHG emissions by 2050 (Ministry of Foreign Affairs 
of Japan 2020), strengthening their previous goal of 
achieving a decarbonized society as early as possible 
in the second half of this century (Government of 
Japan 2019b).

 ▶ The President of the Republic of Korea committed to 
carbon neutrality by 2050 in his speech to parliament 
(Cheong Wa Dae 2020).

 ▶ Canada has indicated its intention to legislate a goal 
of net-zero emissions18 by 2050 (Governor General of 
Canada 2020).

 ▶ South Africa aspires to net-zero carbon emissions by 
2050 (Republic of South Africa 2020).

 ▶ Argentina and Mexico are part of the UNFCCC 
Climate Ambition Alliance working towards net-zero 
carbon emissions by 2050 (UNFCCC 2019). 

Progress is significantly slower when considering the formal 
submissions of mid-century, long-term low GHG emission 
development strategies and new or updated NDCs that 

17 Countries with proposed legislation or targets under discussion include those that have signed up to the UNFCCC’s Climate Ambition Alliance 
(UNFCCC 2019).

18 It is not clear if ‘net zero’ refers to CO2 emissions only or all GHG emissions.
19 The government of the United States of America has removed the mid-century strategy from all its websites following the country’s withdrawal 

from the Paris Agreement (Climate Action Tracker 2020b).

countries are invited or requested, respectively, to submit to 
the UNFCCC by 2020. As at mid-November 2020, nine G20 
members (Canada, the European Union, France, Germany, 
Japan, Mexico, South Africa, United Kingdom and the United 
States of America)19 have submitted long-term low GHG 
development strategies to the UNFCCC, though no G20 
member has officially submitted a new or updated NDC 
target (Japan resubmitted its original NDC target in March 
2020) (UNFCCC undated a). 

Although the recent announcements of net-zero emissions 
goals are very encouraging, they highlight the vast 
discrepancy between the ambitiousness of these goals 
and the inadequate level of ambition in the NDCs for 2030. 
Furthermore, there is inconsistency between the emission 
levels implied by current policies and those projected under 
current NDCs by 2030 (of 2.1–3.5 GtCO2e per year), and, 
more importantly, those necessary for achieving net-zero 
emissions by 2050.

To make significant progress towards achieving the long-
term temperature goals of the Paris Agreement by 2030, two 
next steps are urgently required. First, more countries need 
to develop long-term strategies that are consistent with the 
Paris Agreement, in particular, by setting time frames for 
net-zero emissions. Second, new and updated NDCs need 
to become consistent with the net-zero emission goals 
(Levin et al. 2020). It will therefore be particularly important 
to ensure coordination between the development of the 
next NDCs and the long-term strategies in order to enable 
a seamless transition to a decarbonization pathway that is 
consistent with the Paris Agreement (Levin and Fransen 
2019), and to transform the announced net-zero emissions 
goals into detailed shorter-term implementation plans and 
mitigation targets that are reflected in the NDCs for 2030. 

Previous Emissions Gap Reports have highlighted the large 
menu of options and opportunities to strengthen mitigation 
ambition and action (Fransen and Höhne 2018; Höhne et al. 
2019). Model-based, multidisciplinary assessments could 
also be a key aspect when informing policymakers and 
engaging stakeholders in the process of developing updated 
NDCs and long-term strategies (Weitzel et al. 2019). 

As the world deals with the COVID-19 pandemic, the 
implementation of sustainable recovery packages that 
boost economic growth and create jobs while building 
more resilient and cleaner energy systems is essential to 
ensuring that significant mitigation progress is made by 
2030 (IEA 2020c). 
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3.1 Introduction

This chapter updates the assessment of the emissions gap 
for 2030. Consistent with previous Emissions Gap Reports, 
the emissions gap is defined as the difference between 
projected global greenhouse gas (GHG) emissions under 
full implementation of nationally determined contributions 
(NDCs) and emissions under least-cost pathways consistent 
with the Paris Agreement long-term goal of limiting global 
average temperature increase to well below 2oC and pursing 
efforts to limiting it to 1.5oC compared with pre-industrial 
levels (section 3.2). This chapter assesses up-to-date 
emissions scenarios that underlie the quantification of the 
emissions gap (section 3.3). 

The emissions projections for the current policies and 
NDC scenarios published in the literature mainly predate 
the COVID-19 outbreak. Potential implications of COVID-19 
on 2030 emissions are therefore explored based on expert 
knowledge and indicative calculations (section 3.4), which 
is consistent with the approach used in chapter 2. The 
implications of failing to bridge the emissions gap by 2030 
and the feasibility of achieving the long-term temperature 
goals of the Paris Agreement are also discussed (section 3.5). 

The key questions assessed in this chapter are: What is the 
likely emissions gap for 2030? What is the impact of the 
COVID-19 pandemic and associated recovery measures on 
emissions by 2030? What are the temperature implications? 
What does the 2030 emissions gap imply in a longer-term, 
mid-century context? 

3.2 The 2030 emissions gap

In line with previous reports, the emissions gap for 2030 
is defined as the difference between global total GHG 

emissions from least-cost scenarios that keep global 
warming to below 2°C, 1.8°C or 1.5°C with varying levels 
of likelihood, and the estimated global GHG emissions 
resulting from a full implementation of the NDCs. This 
section updates the gap based on estimated levels of GHG 
emissions in 2030 for the seven scenarios considered in this 
assessment and further described in section 3.3. Table 3.1 
provides a full overview of 2030 emission levels for these 
scenarios, as well as the resulting emissions gap, while 
Figure 3.1 illustrates the emissions gap for 2030. 

365  



26

Emissions Gap Report 2020

Table 3.1. Global total GHG emissions in 2030 under different scenarios (median and 10 th to 90 th percentile range), 
temperature implications, and the resulting emissions gap (based on the pre-COVID-19 current policies scenario)

Scenario 
(rounded to the 
nearest gigaton)

Number 
of scenarios 
in set

Global total 
emissions 
in 2030 
[GtCO2e]

Estimated 
temperature outcomes 

Closest 
corresponding 
IPCC SR1.5 
scenario class

Emissions Gap in 2030 
[GtCO2e] 

50% 
probability

66% 
probability

90% 
probability

Below 
2.0°C 

Below 
1.8°C

Below 
1.5°C 

in 2100

2010 policies 6 64 (60–68)

Current policies 8 59 (56–65)
17 

(15–22)
24 

(21–28)
34 

(31–39)

Unconditional 
NDCs

11 56 (54–60)
15 

(12–19)
21 

(18–25)
32 

(29–36)

Conditional 
NDCs

12 53 (51–56)
12 

(9–15)
18 

(15–21)
29 

(26–31)

Below 2.0°C 
(66% probability)

29 41 (39–46)

Peak: 

1.7–1.8°C

In 2100: 

1.6–1.7°C

Peak: 

1.9–2.1°C

In 2100: 

1.8–1.9°C

Peak: 

2.4–2.6°C

In 2100: 

2.3–2.5°C

Higher 
2°C pathways

Below 1.8°C 
(66% probability) 

43 35 (31–41)

Peak: 

1.6–1.7°C

In 2100: 

1.3–1.6°C

Peak: 

1.7–1.8°C

In 2100: 

1.5–1.7°C

Peak: 

2.1–2.3°C

In 2100: 

1.9–2.2°C

Lower 
2°C pathways

Below 1.5°C 
in 2100 and 
peak below 
1.7°C (both with 
66% probability) 

13 25 (22–31)

Peak: 

1.5–1.6°C

In 2100: 

1.2–1.3°C

Peak: 

1.6–1.7°C

In 2100: 

1.4–1.5°C

Peak: 

2.0–2.1°C

In 2100: 

1.8–1.9°C

1.5°C with 
no or limited 

overshoot

Note: The gap numbers and ranges are calculated based on the original numbers (without rounding), which may differ from the rounded 
numbers (third column) in the table. Numbers are rounded to full GtCO2e. GHG emissions have been aggregated with 100-year global 
warming potentials (GWP) values of the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) (to be 
consistent with table 2.4 of the IPCC Special Report on Global Warming of 1.5°C (SR1.5), whereas the United Nations Environment 
Programme (UNEP) Emissions Gap Report 2018 used GWP values of the IPCC Second Assessment Report (SAR)). The NDC and 
current policies emissions projections are updated from the presented numbers in cross-chapter box 11 of the IPCC SR1.5 (Bertoldi 
et al. 2018), with new studies that were published after the IPCC literature cut-off date. Pathways were grouped in three categories 
depending on whether their maximum cumulative CO2 emissions were less than 600 GtCO2, between 600 and 900 GtCO2, or between 
900 and 1,300 GtCO2, respectively, from 2018 onwards until net-zero CO2 emissions are reached, or until the end of the century if 
the net-zero point is not reached before. The estimated temperature outcomes represent estimates of global average surface air 
temperature (GSAT), most consistent with the impact assessment of the IPCC Fifth Assessment Report (AR5). Pathways assume 
limited action until 2020 and cost-optimal mitigation thereafter. Estimated temperature outcomes are based on the IPCC AR5 method 
(Meinshausen et al. 2011; Clarke et al. 2014). 
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Figure 3.1. Global GHG emissions under different scenarios and the emissions gap in 2030 (median and 10 th to 90 th 

percentile range; based on the pre-COVID-19 current policies scenario) 
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Note: This figure shows total GHG emissions. The inset shows how 1.5°C, 1.8°C and 2.0°C scenarios continue to 2050. In contrast to CO2 
emissions, total GHG emissions do not reach net zero by 2050 in the 1.5°C scenario, but about 10–20 years later (table 2.4 in Rogelj et 
al. 2018 and section 3.5).

As figure 3.1 shows, the gap between the unconditional 
NDC scenario (56 GtCO2e in 2030) and least-cost pathways 
limiting warming to below 2°C in 2100 with limited overshoot 
(41 GtCO2e in 2030) is 15 GtCO2e (range: 12–19 GtCO2e), 
whereas the gap between the unconditional NDCs scenario 

and least-cost pathways limiting warming to below 1.5°C 
in 2100 with limited overshoot (25 GtCO2e in 2030) is 
32 GtCO2e (range: 29–36 GtCO2e). The full implementation 
of both unconditional and conditional NDCs would reduce 
each of these gaps by around 3 GtCO2e. 
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The emissions gap is unchanged compared with 2019, 
meaning that countries need to strengthen their NDC 
ambitions dramatically, specifically threefold to achieve a 
2°C goal and more than fivefold to achieve the 1.5°C goal.

There are two reasons why the gap has not changed. First, 
adjustments to the NDC scenarios have been very minor: as 
at November 2020, none of the major emitters had submitted 
new or updated NDCs with stronger NDC targets for 2030. 
Overall, any NDC target updates from 2019 are expected to 
reduce total 2030 emissions by less than 1 per cent (section 
3.2.2). Second, no new 1.5°C, 1.8°C and 2.0°C scenarios 
have been added to the assessment since 2019. 

Furthermore, the 2020 gap assessment is unaffected 
by the COVID-19 pandemic. As noted in figure 3.1, this 
gap assessment is still based on scenarios that do not 
specifically consider the implications of COVID-19 and 
related rescue and recovery measures. COVID-19 will only 
affect the gap assessment if the NDC scenarios and/or the 
1.5°C, 1.8°C and 2.0°C long-term scenarios are affected. In 
turn, NDC estimates will only be affected by COVID-19 and 
related measures if NDCs are updated in response to the 
pandemic or if projections of NDC emissions from countries 
with intensity targets are revised. At present, there are no 
studies available that quantify this, but at the global scale 
it is expected to be only a second-order effect. Similarly, 
COVID-19 and associated rescue and recovery measures 
will only affect long-term pathways to keep global warming 
to 1.5°C or well below 2°C if they result in a structural shift 
of the economy. Although COVID-19 lockdown measures 
have resulted in a sharp temporary decline in global fossil 
fuel carbon dioxide (CO2) emissions in 2020 (see chapter 
2), there is currently no firm scientific evidence to confirm 
a structural shift of the economy towards higher or lower 
emissions in the long term. The gap assessment between 
NDCs and least-cost pathways thus remains unaffected by 
the COVID-19 pandemic, although current policy projections 
could be impacted (section 3.3). 

3.3 Scenarios considered for the 2030 
gap assessment

This section updates the scenarios considered for the 2030 
emissions gap assessment. These scenarios comprise 
reference scenarios, NDC scenarios and least-cost 
mitigation scenarios starting in 2020 and consistent with 
specific temperature targets.

3.3.1 Reference scenarios and updates
Reference scenarios are used as benchmarks to track 
progress in emission reductions. Two reference scenarios 
are considered: the 2010 policies scenario and the current 
policies scenario. 

The 2010 policies scenario projects global GHG emissions 
assuming no new climate policies have been put in place 
from 2010 onwards. Similar to the Emissions Gap Report 

2019, the data for this scenario are based on the baseline 
projections of Shared Socioeconomic Pathway (SSP2: 
middle of the road) scenarios from six modelling studies 
that also underpin the current policies scenario projections 
as of 2019 (the CD-LINKS Scenario Database, version 1.0) 
(McCollum et al. 2018; Roelfsema et al. 2020). This scenario 
database has not changed for SSP2 compared with 2019.

The current policies scenario projects global GHG emissions 
assuming all currently adopted and implemented policies 
(defined as legislative decisions, executive orders, or 
equivalent) are realized and that no additional measures are 
undertaken. The data for this scenario are updated and based 
on the current policies projections (cut-off year for policies: 
2019) of the Climate Action Tracker (2019), International 
Energy Agency (IEA 2019) World Energy Outlook 2019, Joint 
Research Centre (Prospective Outlook on Long-term Energy 
Systems (POLES) model) (Keramidas et al. 2020), and PBL 
Netherlands Environmental Assessment Agency (Integrated 
Model to Assess the Global Environment (IMAGE)) (den 
Elzen et al. 2019; Kuramochi et al. 2019; PBL 2020). Four 
international modelling groups that were also included in 
the 2019 report provided updated projections in Roelfsema 
et al. (2020): the International Institute for Applied Systems 
Analysis (IIASA, using the MESSAGE–GLOBIOM model) 
(Fricko et al. 2017); the National Institute for Environmental 
Studies (NIES, using the AIM model) (Fujimori et al. 2017); 
the Potsdam Institute for Climate Impact Research (PIK, 
using the REMIND–MAgPIE model) (Luderer et al. 2015); 
Resources for the Future Euro-Mediterranean Center 
on Climate Change (RFF-CMCC) European Institute on 
Economics and the Environment (using the World Induced 
Technical Change Hybrid (WITCH) model) (Emmerling 
et al. 2016). One additional modelling group was also 
included from Roelfsema et al., the Computable Framework 
for Energy and the Environment (COFFEE) model of the 
Graduate School of Engineering (COPPE) of Universidade 
Federal do Rio de Janeiro (Rochedo et al. 2018). It should 
be noted that the latter five current policy projections 
from Roelfsema et al. (2020) originally use 31 December 
2016 as their cut-off date for current policies. Post-2016 
policies, rollback of policies since 2017, or planned policies 
to be implemented are not included. Policies are also 
assumed to be realized (Roelfsema et al. 2020). To ensure 
comparability, these latter five current policy projections 
have been adjusted to reflect changes to 2019. The influence 
of moving the policy cut-off date from 2016 to 2019 was 
analysed by comparing the results of the four modelling 
studies that provide estimates for both cut-off dates (United 
Nations Environment Programme [UNEP] 2017), which gave 
an estimated reduction of 1.5 GtCO2e (range: -0.4 to -3.0). 
The emissions projections of the last five modelling studies 
are adjusted accordingly to reflect the best estimate of the 
most recent current policies. Overall, this only has a small 
impact on the globally aggregated emissions projections 
for which the uncertainty ranges are large. The median 
estimate of global GHG emissions by 2030 for the current 
policies scenario is 59 GtCO2e (range: 56–65 GtCO2e) (for 
comparison, 2019 emissions were 54 GtCO2e), which is 
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1 GtCO2e lower than the median estimate of the Emissions 
Gap Report 2019 of 60 GtCO2e (range: 58–64 GtCO2e). The 
change in projections varies across model studies, ranging 
from -0.5 to -3 GtCO2e. 

The current policies scenario does not take implications of 
COVID-19 and related rescue and recovery measures into 
account. These are explored in section 3.4.

Box 3.1. Comparing emission estimates across chapters

The historical estimates in chapter 2 are independent 
and should not be directly compared to the estimates in 
chapter 3. Under the current policies scenario used to 
assess the emissions gap, global 2019 GHG emissions 
are estimated to be about 53.6 GtCO2e, which is lower than 
the 2019 estimate of 59.1 GtCO2e reported in chapter 2. 
The estimate provided in chapter  2 is derived from 
land-use change (LUC) emissions of 6.8 GtCO2e, which 
differs to LUC emissions of 3.8 GtCO2e as calculated 
by most models used in chapter 3 (similar to Houghton 
and Nassikas 2017). The difference to be considered 
is therefore 56.7 GtCO2e against 53.6 GtCO2e, which 
is relatively small and well within the certainty range of 
the emissions estimates. Both estimates show a similar 

increase of around 12 per cent compared with 2010 
levels. There could be multiple reasons why the median 
emissions projections of the models (used in chapter 3) 
are lower than the independent historical emission 
estimates (used in chapter 2). For example, models 
may be calibrated to an earlier database (in contrast to 
the yearly updates of historical data), calibrations may 
be based on other emissions databases (such as IEA, 
PRIMAP or earlier versions of EDGAR), or models may 
not include all emission sources. The nine global models 
used for the current policies scenario cover a wide range 
of global GHG emissions for 2010 (47–50  GtCO2e), 
whereas the historical emissions database has an 
estimate of 50 GtCO2e. 

3.3.2 NDC scenarios and updates
The NDC scenarios estimate the levels of GHG emissions 
projected as a result of the implementation of the mitigation 
actions pledged by countries in their NDCs. In line with 
previous Emissions Gap Reports, two NDC scenarios 
are considered: the unconditional and conditional NDC 
scenarios. The NDC scenarios of the 2020 report are based 
on the same data sources as the current policies scenario 
and are provided by the same 10 modelling groups as 
cited above, with updates for the Joint Research Centre, 
PBL and the Climate Action Tracker. PBL and the Climate 
Action Tracker have also analysed the impact of NDC 
target updates on global emissions by 2030 (last update 
20  September 2020), which is estimated to be limited, 
resulting in reductions in total emissions by 2030 of less 
than 1 per cent compared with NDC scenarios without target 
updates reported since the Emissions Gap Report 2019. 

The effect of the COVID-19 pandemic on projected emissions 
under the NDC scenarios is limited so far, as NDC targets of 
major emitting countries, such as the G20 economies, have 
not changed at this point. For countries, whose reduction 
targets are defined per unit of gross domestic product 
(GDP), in particular China and India with intensity targets, the 
pandemic may likely affect the NDC emissions projections 
due to its impact on GDP growth, though information at this 
level is not yet available. 

3.3.3 Mitigation scenarios consistent with the Paris 
Agreement

GHG emissions by 2030 that are consistent with a least-
cost pathway towards limiting global warming below 2°C, 
1.8°C and 1.5°C are estimated in the same way as for the 
2019 report and calculated from the scenarios underlying 
the IPCC Special Report on Global Warming of 1.5°C (SR1.5) 
(Huppmann et al. 2018a; Huppmann et al. 2018b; Rogelj et 
al. 2018). Maximum cumulative CO2 emissions from 2018 
onwards are used to classify scenario groups, which is 
consistent with the approach of the IPCC SR1.5, which 
groups scenarios based on their maximum temperature 
outcome (Intergovernmental Panel on Climate Change 
[IPCC] 2018; Rogelj et al. 2018). This approach enables a 
close mapping of scenarios to the maximum temperature 
increase they would cause and thus informs various 
possible interpretations of the Paris Agreement long-term 
temperature goal (United Nations Framework Convention 
on Climate Change [UNFCCC] 2015; Schleussner et al. 2016). 
A comparison with the IPCC SR1.5 approach is provided 
in box 3.2. 

The three temperature scenario groups represent various 
degrees of ambition that range from limiting warming to 
around 2°C, to interpretations of limiting warming to well 
below 2°C, to pursuing to limit warming to 1.5°C (see table 
3.1). Each scenario considers a least-cost climate change 
mitigation pathway that starts long-term reductions 
from 2020. 

369  



30

Emissions Gap Report 2020

 ▶ Below 2.0°C scenario: This scenario limits maximum 
cumulative CO2 emissions from 2018 until the time 
net-zero CO2 emissions are reached (or until 2100 
if net-zero emissions are not reached before)1 to 
between 900 and 1,300 GtCO2, and cumulative 
2018–2100 emissions to at most 1,200 GtCO2, 
when net negative CO2 emissions in the second 
half of the century are included. It is consistent with 
limiting warming below 2.0°C with about 66 per cent 
probability, both at the time of peak global warming 
and at the end of the century. The median estimate of 
2030 GHG emissions for this scenario is 41 GtCO2e, 
which falls in the middle of the 36–45 GtCO2e range 
estimated for the lower 2°C scenario category of the 
IPCC SR1.5 (see table 2.4 in Rogelj et al. 2018). 

 ▶ Below 1.8°C scenario: This scenario limits maximum 
cumulative CO2 emissions from 2018 until the time 
net-zero CO2 emissions are reached (or until 2100 
if net-zero emissions are not reached before) to 
between 600 and 900 GtCO2, and cumulative 2018–
2100 emissions to at most 900 GtCO2. It is consistent 
with limiting warming over the course and at the end 
of the century to below 1.8°C with about 66 per cent 
or greater probability. The median estimate of 2030 

1 Potential net negative emissions that some scenarios achieve in the second half of the century are not counted towards the maximum cumulative 
CO2 emissions used here. If a scenario does not achieve net-zero CO2 emissions before 2100 but still limits warming to below a specific 
temperature threshold, it is assumed that global CO2 emissions reach net zero immediately or shortly after 2100. 

2 The 380 GtCO2 value represents the highest value of cumulative CO2 emissions over the 2018–2100 period found in the scenarios available for this 
report’s analysis. In theory, a 420 GtCO2 cut-off would suffice for a scenario to be included in this category based on the IPCC SR1.5 (Rogelj et al. 
2018).

emissions for this scenario is 35 GtCO2e. This scenario 
is included to provide more granular information on 
how emissions reduction requirements for 2030 
change with gradually increasing stringency of global 
mitigation action. 

 ▶ Below 1.5°C in 2100 scenario: This scenario limits 
maximum cumulative CO2 emissions from 2018 until 
the time net-zero CO2 emissions are reached (or until 
2100 if net-zero emissions are not reached before) to 
600 GtCO2, and cumulative 2018–2100 to at most 380 
GtCO2, when net negative CO2 emissions in the second 
half of the century are included.2 It is consistent with 
limiting global warming to below 1.5°C in 2100 with 
about 66 per cent probability, while limiting peak 
global warming during the twenty-first century to 
about 1.6–1.7°C with about 66 per cent or greater 
probability. This class of scenarios is consistent with 
the scenarios in IPCC SR1.5°C that limit warming to 
1.5°C with no or limited overshoot (explained in box 
3.2; see also characteristics in table 3.1). The median 
estimate of 2030 emissions of 25 GtCO2e falls well 
within the range of 22–28 GtCO2e of the IPCC SR1.5 
1.5°C scenarios with no or limited overshoot (see 
table 2.4 in Rogelj et al. 2018).
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Box 3.2. Technical comparison with the IPCC Special Report on Global Warming of 1.5°C 

The analysis included in this chapter is consistent with 
the latest assessment of the IPCC SR1.5 (2018). The 
range of Kyoto-GHG emissions in 2030 consistent with 
limiting warming to 1.5°C used in this report (24 GtCO2e/
year with a range of 22–30 GtCO2e/year) closely 
matches the 25–30 GtCO2e/year range reported in 
IPCC SR1.5 (2018) for scenarios limiting global warming 
to 1.5°C with no or limited overshoot. Differences are 
attributed to the exclusive use of scenarios that start 
emissions reductions from 2020 onwards in this report, 
compared with the wider set used in IPCC SR1.5. Overall, 
these minor changes do not affect the assessment of 
the adequacy of current NDCs for limiting warming to 
1.5°C or well below 2°C. 

Cumulative CO2 emissions from 2018 onward never 
exceed 600 GtCO2 in the below 1.5°C by 2100 scenario. 
This broadly corresponds to the remaining carbon 
budget for limiting warming to 1.5°C with 50 per 
cent probability (580 GtCO2 from 2018 until net-zero 
emissions are reached) of IPCC SR1.5, suggesting that 
temperature overshoot is limited to less than 0.1°C 

with 50 per cent probability, and to 1.6–1.7°C with 66 
per cent probability. Cumulative CO2 emissions from 
2018 until the end of the century are at most 380 
GtCO2 in the available scenarios, which is less than the 
IPCC SR1.5 remaining carbon budget of 420 GtCO2 for 
limiting warming to 1.5°C with 66 per cent probability. 
Cumulative CO2 emissions from 2018 onward never 
exceed 900 GtCO2 in the below 1.8°C scenario. Using 
the IPCC SR1.5 assessment, this 900 GtCO2 equates to 
a 66 per cent probability of limiting warming to about 
1.8°C, and also corresponds to about a 50 per cent 
probability of limiting warming to 1.7°C. For the below 
2°C scenario, maximum cumulative CO2 emissions 
from 2018 never exceed 1,300 GtCO2 and from 2018 to 
2100 are 1,200 GtCO2 when accounting for net negative 
emissions in the second half of the century. Using the 
IPCC SR1.5 assessment, this 1,200 GtCO2 equates to 
limiting warming to below 2°C with at least 66 per cent 
probability by 2100, though there is a slightly lower 
probability at peak warming during the century. This 
suggest that the probability of limiting warming to 1.9°C 
is about 50 per cent.

Source: Adapted based on box 3.2 of the Emissions Gap Report 2018 (Luderer et al. 2018)

3 The projected GDP growth rates for 2020 and 2021 are -6 per cent and 5.2 per cent in the OECD single-hit scenario and -7.6 per cent and 2.8 per 
cent in the OECD second-hit scenario.

3.4 Implications of the COVID-19 
pandemic and associated rescue 
and recovery measures on GHG 
emissions by 2030 

The COVID-19 pandemic and associated rescue and 
recovery measures impact global GHG emissions. This 
section analyses how they impact current policy projections 
under different assumptions. Due to the high uncertainty 
surrounding how the pandemic will develop and impact 
CO2 emissions in particular, only explorative calculations 
are presented. As indicated in chapter 2, 2020 global CO2 
emissions may drop 7 per cent (range: 2–12 per cent) 
below 2019 levels depending on how national epidemics 
and lockdowns develop over time. Almost all the emissions 
reductions are due to a temporary drop in activity resulting 
from lockdown measures, which include, for example, 
the transport sector, with people requested to stay home 
and halt travelling, as well as economic activity. Since 
these emissions reductions are not the result of structural 
changes, they may quickly reverse once lockdown measures 
are lifted (Forster et al. 2020; Le Quéré et al. 2020). This 
means that a pronounced short-term dip in energy- and 

industry-related CO2 emissions is anticipated, after which 
emissions may follow the pre-2020 growth trend. 

Implications of the COVID-19 pandemic and associated 
rescue and recovery measures on 2030 emissions 
and global emissions pathways towards meeting the 
temperature goals of the Paris Agreement were assessed in 
a recent study (Dafnomilis et al. 2020), which presents ‘what 
if’ scenarios based on explorative calculations and using 
sources available before June 2020. This methodology is 
used here, with some adjustments made to the GDP data. 
Using the short-term GDP projections of the Organisation for 
Economic Co-operation and Development (OECD) single-hit 
and second-hit scenarios for 2020 and 20213 (Organisation 
for Economic Co-operation and Development [OECD] 
2020a; OECD 2020b), two post-COVID-19 economic growth 
scenarios are calculated. These economic projections are 
combined with two scenarios for future decarbonization 
rates (i.e. change in fossil CO2 emissions per unit of GDP): 
one based on the pre-COVID-19 current policies scenario 
from the original model studies (labelled current trends), 
and one based on a post-COVID-19 scenario with lower 
decarbonization rates due to the rollback of current policies 
in countries (see chapter 2) and possible delays in climate 
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policy implementation (labelled rebound to fossil fuels). 
The rationale behind the second scenario is that several 
countries have announced emissions-intensive policies 
to stimulate economic recovery, therefore putting climate 
policies at risk of being rolled back (Climate Action Tracker 
2020a; Miosio et al. 2020; Vivid Economics 2020). This 
impact is quantified by applying a decarbonization rate that 
is 50 per cent lower than the rate of the original model study 
for 2021–2024 (Dafnomilis et al. 2020). 

The total energy and industry CO2 emissions for 2021–2024 
are calculated using a Kaya decomposition (Kaya 1990). For 
2025–2030, fossil CO2 emissions follow the same growth 
trend as suggested by the original model projections. The 

4 No directly comparable figures could be obtained for the IEA World Energy Outlook 2020 (2020c) because the 2020 edition does not provide 
current policies scenario projections. The following are used instead: i) the stated policies scenario, in which COVID-19 is gradually brought under 
control and the global economy return to pre-crisis levels the same year (this scenario reflects all current announced policy intentions and targets); 
ii) the delayed recovery scenario, which is designed with the same policy assumptions as the stated policies scenario, but shows lasting damage to 
economic prospects following a prolonged pandemic (IEA 2020c).

non-CO2 GHG emissions and CO2 land-use-related emissions 
for 2020–2030 are identical to the original pre-COVID-19 
projections. However, preliminary data suggest that there 
may be an expansion of farming and livestock activities 
due to COVID-19-related consumption changes and market 
disruptions (Food and Agriculture Organization of the United 
Nations [FAO] 2020), which could lead to increased methane 
(CH4) and nitrous oxide (N2O) emissions. Deforestation rates 
in South American and Asian regions are also expected 
to increase due to a lack of regulatory measures, limited 
budgets and weak enforcement of adopted legislation to 
protect native ecosystems (Amador-Jimenez et al. 2020; 
Azevedo 2020; López-Feldman et al. 2020; Rondeau et 
al. 2020).

Figure 3.2. Global total GHG emissions by 2030 under the original current policies scenario based on pre-COVID-19 studies 
and various ‘what if’ scenarios using explorative calculations (post-COVID-19) (median and 10th to 90th percentile range)
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Figure 3.2 shows projected GHG emissions by 2030 under 
each of these scenarios. The impact of the general slowdown 
of the economy due to the COVID-19 pandemic and its 
associated policy responses (figure 3.2 – current trend) 
would lead to a reduction in global GHG emissions by 2030 
of about 2–4 GtCO2e (equivalent to 3–7 per cent) compared 
with the pre-COVID-19 estimates for OECD’s single-hit and 
second-hit scenarios. This assumes a pronounced short-

term dip in CO2 emissions, after which emissions follow 
pre-2020 growth trends. The Climate Action Tracker (2020a) 
finds a similar difference of about 2–4 GtCO2e between 
the post- and pre-COVID-19 current policies projections 
by 2030. Comparing the IEA’s World Energy Outlook 2020 
(IEA 2020b) post-COVID-19 global energy and industry CO2 
emissions projections for their stated policies scenario4 
(estimates published in 2019) suggests a similar difference 
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of about 1.5–4 GtCO2e between the post- and pre-COVID-19 
stated policies projections by 2030.

If the initial short-term dip in CO2 emissions is followed 
by growth trends with lower decarbonization rates due to 
countries’ potential rollback of climate policies as part of 
COVID-19 responses, the decrease in global emissions by 
2030 is projected to be significantly smaller at around 
1.5 GtCO2e (instead of 4 GtCO2e) and may actually increase 
by around 1 GtCO2e (instead of -2 GtCO2e) (figure 3.2 – 
rebound to fossil fuels second-hit and single-hit scenarios, 
respectively) compared with the pre-COVID-19 current 
policies scenario.

Around the world, countries are launching economic rescue 
and recovery measures to cushion the impacts of the 
COVID-19 pandemic. Future global GHG emissions depend 
critically on the extent to which recovery measures are 
green (low carbon), which at present is difficult to evaluate 
comprehensively (see chapter 4). At the global level, the 
impact of ‘green recovery’ responses can be estimated 
based on the IEA’s (2020a) Sustainable Recovery Plan and 
its associated global energy and industry CO2 emissions 
projections under the IEA (2020b) sustainable recovery 
scenario. For the GHG emissions projections in figure 3.2, the 
IEA’s energy and industry CO2 emissions were supplemented 
with land-use CO2 and non-CO2 emissions projections under 
current policies of the model studies underlying the original 
current policies scenario. The emissions projections in 
figure 3.2 also adopted the IEA’s (2020b) assumption of 
a 0.8  GtCO2e emissions reduction following investments 
to tackle CH4 leakages from oil and gas operations by 
2024, and kept this reduction constant to 2030. Figure 
3.2 shows that 2030 emissions are only projected to be 
significantly reduced if COVID-19 economic recovery is 
used as an opportunity to pursue strong decarbonization. 
The sustainable recovery scenario results in global GHG 
emissions of 44 GtCO2e by 2030, which is a reduction 
of 15 GtCO2e ( just over 25 per cent) compared with the 
original current policies scenario used for the emissions 
gap assessment, and would bring 2030 emissions within the 
range consistent with least-cost pathways that limit global 
warming to below 2°C (table 3.1). More dedicated attention 
would be required to reach levels consistent with limiting 
global warming to below 1.8°C or 1.5°C. 

As noted in the beginning of this section, the emissions 
projections for the post-COVID-19 policy scenarios are 
highly indicative. They are based on simple calculations 
compared to the model-based pre-COVID projections and 
are driven by a wide range of GDP estimates for 2020 and 
2021 from the OECD single-hit and second-hit scenarios 
published in June 2020 (OECD 2020a; OECD 2020b). The 
more recent GDP estimates of the IMF (2020) (June) and 
the OECD (2020c) Economic Outlook (September) are both 
within the projected GDP range of the OECD June estimates. 
Applying the more recent GDP estimates would result 
in GHG emissions projections for 2030 that are closer to 
those of the current trends scenario (figure 3.2 – single-

hit). It should be noted that the post-COVID-19 projections 
do not yet include information based on announcements 
of specific economic recovery measures (Miosio et al. 
2020; Vivid Economics 2020). GHG emissions projections 
greatly depend on the starting point of calculations, in this 
case, the impact of COVID-19 on 2020 CO2 emissions, and 
are therefore likely to change in the coming months as 
the pandemic evolves and a vaccine becomes available 
worldwide. At present, it is unclear how temporary changes 
in international trade, consumption and mobility in urban 
areas will evolve in the medium term. Once countries lift 
lockdown measures, patterns are expected to return to pre-
COVID-19 levels. Similarly, it is uncertain how oil market 
prices will evolve and how oil exporters and producers will 
adapt to price changes of fossil resources. The projections 
reported in this chapter are therefore highly preliminary and 
primarily provide an indication of the magnitude of the direct 
effect of COVID-19 and related measures.

3.5 Implications of the emissions gap for 
the feasibility of achieving the long-
term temperature goal of the Paris 
Agreement

The previous sections clearly show that current NDCs 
remain insufficient to bridge the emissions gap by 2030 and 
that the size of the gap is as large as the 2019 assessment’s 
estimate. They also indicate that emissions continue to rise 
under the (pre-COVID-19) current policies scenario and that 
COVID-19 is only likely to significantly reduce total GHG 
emissions by 2030 if used as an opening for economic 
recovery that fosters strong decarbonization. This section 
examines the implications of inadequate and delayed short-
term action in achieving the long-term temperature goals of 
the Paris Agreement. 

3.5.1 Implications of postponing action in the 
context of long-term zero emissions goals

Achieving the long-term temperature goals of the Paris 
Agreement to limit global warming to well below 2°C and 
pursue 1.5°C depends strongly on implementing mitigation 
action by 2030. Taking a longer-term perspective illustrates 
how the low-carbon transition challenge until 2050 depends 
critically on this near-term action.

The Paris Agreement aims to reach net-zero GHG emissions 
in the second half of this century, which means that any 
remaining CO2 and non-CO2 emissions are balanced with net 
CO2 removal or negative emissions. When calculated using 
the 100-year global warming potentials (GWPs) typically 
applied by the United Nations Framework Convention on 
Climate Change (UNFCCC) to compare different GHGs, global 
warming will peak and then gradually decline thereafter. The 
timing of global net-zero CO2 and GHG emissions provides 
milestones for pathways that are consistent with the Paris 
Agreement and can be estimated from long-term emissions 
scenarios. According to the IPCC SR1.5, limiting warming 
to 1.5°C with no or limited overshoot requires global CO2 
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and GHG emissions to reach net zero around 2050 (range: 
2046–2055) and 2067 (range: 2061–2084), respectively. For 
temperature limits higher than 1.5°C, the timing would be 
later (see table 2.4 in Rogelj et al. 2018). It should be noted 
that these net-zero target years are for the global pathways 
and therefore need to be achieved collectively. Setting net-
zero targets for individual countries involves considerations 
of equity and fairness, which means that national net-zero 
targets do not necessarily have to coincide with the net-zero 
years and global pathways. 

Previous Emissions Gap Reports have highlighted the key 
implications of postponing mitigation action and failing to 
bridge the 2030 emissions gap (Luderer et al. 2018), which 
are summarized in figure 3.3. Furthermore, the implications 
of postponed action are apparent when looking across 
the Emissions Gap Reports produced to date (UNEP 

5 Since most scenarios that are used to inform the extension of emissions after 2030 assume exponentially increasing carbon prices throughout the 
century, the method applied here also implicitly assumes that climate action continues to be strengthened until 2100. 

2019; Höhne et al. 2020). The global average emissions 
reductions required per year to meet 2030 emission levels 
that are consistent with the 2°C and 1.5°C scenarios are 
by now approximately quadruple and more than double, 
respectively, what they would have been had serious 
collective climate action started in 2010. This remarkable 
increase in annual emission reduction rates due to the lack 
of sufficient action add significantly to the challenge of 
meeting the Paris  Agreement. 

The conclusion is clear: postponing ambitious climate 
action, thereby delaying the path towards reaching net-
zero emissions, will make it impossible to achieve the Paris 
Agreement temperature goal of limiting global warming to 
1.5°C. Greater climate action is therefore needed by 2030 to 
make reducing global GHG emissions to levels consistent 
with 1.5°C pathways feasible. 

Figure 3.3. Long-term implications of not closing the emissions gap by 2030
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To illustrate, the six 1.5°C pathways available from the 
literature that limit the availability of biomass with carbon 
capture and storage (CCS) and that aim to maximize 
synergies with sustainable development all have GHG 
emission levels of at most 25 GtCO2e by 2030 (Bauer et 
al. 2018; Bertram et al. 2018; Grübler et al. 2018; Holz et al. 
2018; Huppmann et al. 2018b; Kriegler et al. 2018; Rogelj et 
al. 2018; van Vuuren et al. 2018). 

Similar insights can be drawn for limiting warming to well 
below 2°C. In the absence of significant climate action by 
2030, the daunting challenge that lies beyond 2030 suggests 
that limiting global warming to even slightly higher levels 

than 1.5°C would effectively be out of reach – a conclusion 
that is also highlighted in the IPCC SR1.5 (Rogelj et al. 2018). 

3.5.2 Global warming implications
Emissions until 2030 do not fully determine the levels 
of warming by the end of the century. However, the trend 
until 2030 can be used to estimate the projected warming 
based on the assumption that this trend will continue until 
2100. The method used in previous Emissions Gap Reports 
has been followed to link 2030 GHG emissions and their 
continuation until 21005 to projected warming throughout 
the twenty-first century (Rogelj et al. 2016). This approach 
results in global warming estimates that are consistent 
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with temperature outcomes found in the wider integrated 
scenario literature (Jeffery et al. 2018). 

Since current policies and NDC scenarios have not 
changed since the 2019 report, the estimated temperature 
implications remain the same. The unconditional NDCs are 
consistent with limiting warming to no more than 3.2°C 
(range: 3.0–3.5°C) by the end of the century (with 66 per cent 
probability). Full implementation of both conditional and 
unconditional NDCs would lower this estimate by about 
0.2°C. In contrast, the current policies scenario (pre-
COVID-19) results in greater emissions by 2030, which 
if continued until the end of the century would result in a 
global mean temperature rise of 3.5°C by 2100 (range: 3.4–
3.9°C, 66 per cent probability). In all cases, global warming 
would not be stabilized by 2100 and would continue to 
increase thereafter. 

These global warming ranges do not consider the growing 
number of announced net-zero emission goals, such as 
China’s 2060 announced net-zero carbon goal, the European 
Union’s 2050 net-zero GHG emissions goal, the United 
Kingdom’s legally enshrined 2050 net-zero GHG emissions 
goal, and South Africa’s aspirational 2050 net-zero carbon 
emissions goal. Japan and the Republic of Korea have 
also announced similar goals. Although detailed studies 
of the temperature outcomes of these targets are not yet 
available, a preliminary estimate carried out for this report 
suggests that, collectively, these targets could further lower 
the temperature projections consistent with unconditional 
NDCs by about half a degree Celsius to around 2.7°C. If the 
United States of America were to also adopt a net-zero GHG 
emissions target by 2050, as suggested in the Biden-Harris 
climate plan, the combined effect of all net-zero targets 
would be further strengthened. In that case, projections 
until the end of the century are estimated to be 2.5–2.6°C, 
which is 0.6–0.7°C lower than the global warming estimate 
for current unconditional NDCs. This is consistent with 

6 These values consider the impact of Earth system feedbacks such as permafrost thaw, as assessed in the IPCC SR1.5.

other preliminary analyses (Climate Action Tracker 2020c). 
Once countries submit their announced net-zero targets as 
long-term low GHG emission development strategies to the 
UNFCCC, temperature projections can more formally reflect 
these intentions. 

The 2020 analysis makes it clear that neither NDCs nor 
current policies are adequate to limit warming below the 
temperature limits included in the Paris Agreement. This 
inadequacy is even further emphasized when considering 
the cumulative CO2 emissions by 2030 as implied by current 
NDCs. Starting from the 2018 level of global CO2 emissions 
of 41.6 GtCO2 (Le Quéré et al. 2018) and assuming a straight 
trajectory to 2030, the current unconditional NDC scenario 
implies cumulative emissions of about 510 GtCO2 (range: 
495–528 GtCO2) until 2030. Meanwhile, the IPCC SR1.5 
estimated that the remaining carbon budget starting from 
2018 and consistent with limiting warming to 1.5°C (with 50–
66 per cent probability) amounts to around 320–480 GtCO2, 
which rises to 700 GtCO2 and 1,070 GtCO2 for limiting 
warming to 1.75°C and 2°C (with 66 per cent probability), 
respectively.6 Current NDCs therefore fully deplete the 
carbon budget consistent with limiting warming to 1.5°C and 
strongly reduce the remaining budgets for limiting warming 
to well below 2°C, without making any progress towards 
bringing global CO2 emissions closer to net zero. 

Finally, COVID-19 containment measures have resulted in a 
marked but temporary reduction in global GHG emissions 
in 2020. However, unless economic recovery is used as an 
opportunity to foster a low-carbon transition, this temporary 
blip in global GHG emissions is estimated to result in no 
more than a 0.01°C reduction of global warming by 2050, 
which by then is expected to have exceeded 1.5°C (IPCC 
2018; Forster et al. 2020). NDCs to date fail to reverse the 
long-term upward trend in emissions, which leaves no doubt 
that the current NDCs are completely inadequate to achieve 
the climate goals of the Paris Agreement.
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4

4.1 Introduction

The COVID-19 pandemic has brought unprecedented 
health and socioeconomic challenges – several of which 
will continue to have a profound effect on global society 
for many years to come. These new challenges compound 
many existing social and economic challenges, including 
widespread social inequality, rural/urban disparities and 
climate change. This confluence of challenges requires a 
considered response. 

At the same time, COVID-19 rescue and recovery measures 
present an opening to stimulate the economy, while 
simultaneously accelerating a transition towards a low-
carbon economy consistent with the temperature goals of 
the Paris Agreement. Unless this opening is pursued, the 
Paris Agreement goals are likely to slip further out of reach 
(chapter 3).

Against this background, this chapter assesses two main 
questions: 

 ▶ What can we say about the size and extent to which 
COVID-19 rescue and recovery measures to date 
support low-carbon or high-carbon development? 
(sections 4.2 and 4.3)

 ▶ What are the emerging lessons for governments in 
the pursuit of a low-carbon economic recovery? 
(section 4.4)

Global fiscal actions to address the impact of the COVID-19 
pandemic are of an unprecedented scale. As section 4.2 
shows, in September 2020, fiscal actions amounted 
to around US$12 trillion, or 12 per cent of global gross 
domestic product (GDP). Particularly for countries with 
capacity to cheaply borrow funds (high ‘ fiscal space’), 
governments have been willing to spend large sums of 
money, often drastically increasing public debt. For nations 

without this fiscal space (often developing countries), 
public spending has been significantly lower to date.

To date, most governments have rightly focused on funding 
economic rescue measures to protect lives and businesses 
in their immediate economic response to COVID-19. As 
competing objectives and varied COVID-19 impact and 
response timelines have emerged around the world, 
some governments have also started sharpening their 
fiscal focus to funding recovery measures to reinvigorate 
their economies.   

This chapter shows that so far, the opening to use rescue 
and recovery measures to support a low-carbon transition 
has largely been missed. Although there are examples of 
measures that support a transition towards a decarbonized 
world, most countries are currently adopting measures 
that support a high-carbon status quo of their economies 
– or even foster new high-carbon investments. This is 
particularly the case for rescue measures.

The jury is still out on whether COVID-19 rescue and 
recovery measures will lead to lower or higher global 
greenhouse gas (GHG) emissions in the longer run (see 
also chapter 3). However, this chapter illustrates that 
certain rescue and recovery measures can simultaneously 
support a rapid, employment-intensive and economically 
cost-effective economic recovery and a low-carbon 
transition. Such measures include i) support to low-carbon 
and renewable energy, low-carbon transport, zero-energy 
buildings and low-carbon industry; ii) support to research 
and development of zero-emissions technologies; iii) 
fiscal reforms of fossil fuel subsidies; and iv) nature-based 
solutions, including large-scale landscape restoration 
and reforestation. 

A detailed evaluation of the appropriateness of given 
measures in various country contexts is required to 
assess the scope for rolling them out across countries, 
as impacts vary across different political, environmental, 
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economic, business, legal, regulatory and social contexts. 
Well-designed spending can also tackle other pressing 
problems such as air pollution, natural capital deficit, 
wealth and income inequality, inadequate quality of life and 
rural/urban disparities.

The future can still be shaped in a way that helps bridge 
the emissions gap, through the decisions yet to be made 
on the composition and implementation of the announced 
recovery packages and on future recovery actions. 

4.2 Unprecedented global fiscal 
spending on economic rescue and 
recovery measures 

Fiscal actions to address the impact of the COVID-19 
pandemic are unprecedented in scale (see figure 4.1): 
around US$12 trillion, or 12 per cent of global GDP, had 
been spent by September 2020 (International Monetary 
Fund [IMF] 2020a, 2020b). For some G20 members, fiscal 
spending has been as high as 40 per cent of GDP. However, 

spending profiles have not been homogeneous around 
the world. While the average G20 spend currently hovers 
at approximately 15 per cent of GDP, the average for the 
middle- and low-income country categories used by the 
International Monetary Fund (IMF) is less than 6 per cent 
(IMF 2020a).

Fiscal responses to the COVID-19 crisis have included 
both new spending measures and changes to pre-existing 
revenue streams. Spending measures have included direct 
liquidity support for businesses and not-for-profits; direct 
provision of cash, resources and health services for citizens; 
new incentive measures (for instance to restart tourism); 
infrastructure investment and; investment in research and 
development (R&D). Revenue measures have included tax 
deferrals, tax cuts, and reductions in payments and rent for 
public services and resources. 

While the recorded size of fiscal action varies slightly by 
institution and tracker, overall spending trends are relatively 
consistent. The main difference is in the scope and 
timing of tracking fiscal measures, monetary measures, 

Sh
ar

e 
of

 G
DP

 (i
n 

%
)

35

30

25

20

15

10

5

0

Lo
w

-in
co

m
e

de
ve

lo
pi

ng
 c

ou
nt

rie
s

Em
er

gi
ng

 m
ar

ke
t a

nd
m

id
dl

e-
in

co
m

e 
ec

on
om

ie
s

G
20

  
ex

cl
. E

ur
op

ea
n 

Un
io

n*

Eu
ro

pe
an

 U
ni

on
*

 * European Union, excl. member state spending 

M
ex

ic
o

Sa
ud

i A
ra

bi
a

Ru
ss

ia
n

Fe
de

ra
tio

n

In
do

ne
si

a

Ch
in

a

Ar
ge

nt
in

a

In
di

a

So
ut

h 
Af

ric
a

Au
st

ra
lia

Tu
rk

ey

Re
pu

bl
ic

of
 K

or
ea

Un
ite

d
St

at
es

Br
az

il

Ca
na

da

Fr
an

ce

Un
ite

d
Ki

ng
do

m

Ja
pa

n

Ita
ly

G
er

m
an

y

Additional spending 
& forgone revenue

Equity, loans & 
guarantees

Figure 4.1. Discretionary fiscal response announced by G20 countries in response to the COVID-19 pandemic as at 
11 September 2020, expressed as a percentage of GDP

Note: Discretionary fiscal response by the European Union includes all (announced) fiscal actions at the European Union institutional level, 
excluding fiscal spending at the member state level. The average across all G20 members excluding the European Union represents the 
weighted average by country-specific GDP values. The classification according to emerging market and middle-income economies and 
low-income developing countries comes from the IMF's Fiscal Monitor: Policies for the Recovery of October 2020 (IMF 2020b).

Sources: IMF (2020a); IMF (2020b)
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and deregulation initiatives.1 For instance, the Overseas 
Development Institute (ODI) estimates the total fiscal 
stimulus of G20 countries, excluding fiscal actions at the 
European Union institutional level, at US$10.8 trillion as at 
August 2020 (Overseas Development Institute [ODI] 2020), 
compared with the US$10.3 trillion estimated by the IMF 
as at September 2020 (IMF 2020a) and the US$12.4 trillion 
estimated by the Oxford University Economic Recovery 
Project and the Green Fiscal Policy Network as at November 
2020 (O’Callaghan et al. 2020). 

If monetary liquidity stimulus provided by countries’ central 
banks is considered in addition to fiscal spending, the share 
of GDP spent on COVID-19 measures increases sharply: 
up to 70 per cent for some G20 members (ODI 2020). The 
range of fiscal and monetary interventions reflects the full 
policy space available to each country to respond to the 
COVID-19 pandemic.   

Since many developing countries entered the pandemic 
with pre-existing vulnerabilities and limited fiscal space, 
and given the immediate threat to lives due to the health 
and income impacts of COVID-19, spending in these nations 
has primarily targeted short-term rescue measures. Key 
vulnerabilities include high levels of public indebtedness, 
slowing economic growth rates due to subdued global 
demand, and trade tensions. To date, this has left little 
room to fund recovery strategies with a longer-term 
perspective. In view of this, regional development banks 
and the international donor community have increased their 
commitment of support. 

At the regional level, for example, the African Development 
Bank initially responded by raising US$3 billion for a ‘Fight 
COVID-19’ social bond in March 2020, the largest US-dollar-
denominated social bond transaction in the capital markets 
to date (African Development Bank [AfDB] 2020a). This was 
followed by its creation of a US$10 billion response facility 
to assist governments and the private sector, its approval 
of loans and grants to individual member countries, and 
its support for regional efforts to combat the pandemic 
(AfDB 2020b; AfDB 2020c). Meanwhile for most European 
and Central Asian countries, the European Bank for 
Reconstruction and Development (EBRD) plans to devote 
more than half of its total COVID-19 recovery investments 
to the green economy (Bennett 2020).

The IMF doubled its COVID-19-related funding capacity from 
US$50 billion to US$100 billion in April 2020, had reached 

1 For example, the IMF (2020a) includes both additional spending and forgone revenue as ‘above the line measures’ and equity injections, loans, 
asset purchase, debt assumptions and contingent liabilities as ‘liquidity support’. The ODI (2020) includes both ‘fiscal stimulus’ including aid, 
grants and guarantees and ‘monetary (liquidity) stimulus’ including central banks’ explicit monetary liquidity injection and expected impact from 
lowering policy interest rates. Vivid Economics includes deregulation measures in its Green Stimulus Index (Vivid Economics 2020a). The highest 
granularity pure-form fiscal spending tracker, from the Oxford University Economic Recovery Project, combines inputs from these sources with 
its own tracking to report and classify policies covering all fiscal stimulus measures announced by the largest 50 economies since March 2020 
(O’Callaghan et al. 2020).

2 See the World Bank Group’s Operational Response to COVID-19 (coronavirus) – Projects List (accessed on 11 September 2020) for a list of 
beneficiary countries: https://www.worldbank.org/en/about/what-we-do/brief/world-bank-group-operational-response-covid-19-coronavirus-
projects-list.

US$280 billion lending commitment by October 2020, and 
stands ready to deploy US$1 trillion in lending capacity to 
help its member countries to weather the impact of the 
pandemic (IMF 2020c; IMF 2020d; IMF 2020e). Meanwhile, 
the World Bank Group also significantly increased its 
commitment for COVID-19 projects from US$14 billion in 
March 2020 to US$160 billion in April 2020 (World Bank 
2020a; World Bank 2020b). The World Bank had allocated 
US$43 billion of this pool as at September 2020 (World Bank 
2020c). Reflecting global spending patterns, in the early 
stages of the COVID-19 outbreak, most World Bank projects 
supported emergency funding to address health priorities. 
More recently, the scope of funding has widened to include 
financial sector reform, education, governance, and market 
support.2 The international donor community is likely to 
play an important role in supporting and steering funding 
towards measures that support an inclusive, resilient and 
low-carbon economic recovery (UN Regional Commissions 
2020), especially in the least developed countries.

4.3 Fiscal COVID-19 spending has so 
far primarily supported the global 
status quo of high-carbon economic 
production 

This section provides a preliminary assessment 
of the extent to which COVID-19 fiscal rescue and 
recovery measures to date support low- or high-carbon 
development, and whether they have a positive net effect 
on GHG emissions. As at October 2020, COVID-19 fiscal 
spending had primarily supported the global status 
quo of high-carbon economic production. While it is 
understandable that immediate rescue measures were 
directed to incumbent industry, later rescue and recovery 
measures could have supported low-carbon development, 
without forsaking opportunities for economic gain 
(Hepburn et al. 2020). 

Only a few countries have transformed green rhetoric 
into low-carbon recovery measures (that is, measures 
that lead to a reduction in GHG emissions). For most, 
recovery spending has mostly been high-carbon (that is, 
implying negative net effects GHG emissions) or neutral 
(that is, having no discernible effects on GHG emissions). 
Furthermore, in a number of cases, the effect on GHG 
emissions is still unclear. Focusing on G20 members, 
figure 4.2 provides an overview of climate negative, 
neutral and positive fiscal rescue and recovery measures 
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Figure 4.2. Non-exhaustive overview of total fiscal rescue and recovery measures of G20 members with high-carbon, 
neutral and low-carbon effects as a share of 2019 GDP  

Note: Oxford Recovery Project refers to the Oxford University Recovery Project (OUERP).

All announcements by the European Council on the NextGenerationEU recovery fund and additional green climate change-related spending 
in the 2021–2027 Multiannual Financial Framework remain preliminary as at October 2020. 

Sources: Climate Action Tracker (2020); IMF (2020a); IMF (2020b); O’Callaghan et al. (2020); Vivid Economics (2020a). Climate Action 
Tracker data from August 2020, Vivid Economics from August 2020, IMF from September 2020 and Oxford from November 2020.
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to date, based on four main trackers of COVID-19 fiscal 
investments. Annex II provides an overview of the 
methodologies underlying these four COVID-19 trackers.

For G20 members, several preliminary findings are 
emerging regarding the extent to which fiscal rescue and 
recovery measures to date have been low-carbon, neutral 
or high-carbon (Carnell et al. 2020; Climate Action Tracker 
2020; Energy Policy Tracker 2020; IMF 2020a; Larsen et 
al. 2020; O’Callaghan et al. 2020; Tiftik et al. 2020; Vivid 
Economics 2020a):

 ▶ All G20 members have implemented several 
immediate rescue measures in response to the 
COVID-19 pandemic (Climate Action Tracker 2020; 
Energy Policy Tracker 2020; O’Callaghan et al. 2020; 
Vivid Economics 2020a). These are mostly considered 
neutral in terms of GHG emissions impact (for 
example, health-care-related spending) or supporting 
high-carbon industries without conditions for a low-
carbon transition attached.

 ▶ Around a quarter of G20 members have dedicated 
shares of their packages (accounting for up to 3 
per cent of GDP) explicitly to low-carbon measures as 
at October/November 2020 (Climate Action Tracker 
2020; Energy Policy Tracker 2020; O’Callaghan et al. 
2020; Vivid Economics 2020a). Several countries are 
spreading the announced sums across the years 
up to 2025.

 ▶ Most G20 members have brought forward measures 
and packages supporting a high-carbon status quo 
of their economies or are even fostering new high-
carbon investments (O’Callaghan et al. 2020; Vivid 
Economics 2020a). For some G20 members, no 
explicit low-carbon measures could be identified 
(O’Callaghan et al. 2020; Tiftik et al. 2020; Vivid 
Economics 2020a).

 ▶ Assessments of the effects on GHG emissions are 
preliminary (see chapter 3), but will become more 
robust as the composition and implementation details 
of rescue and recovery packages become clearer. 

Methodologies for identifying and quantifying the climate 
impacts of rescue and recovery measures and times 
of analysis vary slightly across institutions, bringing 
corresponding variance in results (figure 4.2, Annex II). 
However, for all trackers and across geographies, low-
carbon measures are significantly outweighed by neutral 
and high-carbon measures. 

Preliminary analysis3 indicates that low-carbon policies 
have been slightly more prevalent in recovery measures 
than in rescue measures (O’Callaghan et al. 2020). This 

3 As at October 2020.

is noteworthy, as the next stages of COVID-19 fiscal 
interventions are likely to shift a greater proportion of 
capital towards recovery measures, indicating prospects 
for increasing low-carbon measures in upcoming new 
recovery plans or in revisions to announced recovery plans. 

4.4 Emerging lessons and examples for 
governments in the pursuit of low-
carbon economic recovery

The previous sections show that the economic rescue and 
recovery measures announced by governments worldwide 
are unprecedented in scale. Although section 4.3 clearly 
shows that measures supporting a low-carbon transition 
have been limited to date, there is scope to adjust 
announced recovery measures to become more low-
carbon and to design future packages in a manner that 
supports an inclusive, resilient and low-carbon economic 
recovery (UN Regional Commissions 2020). 

As chapter 3 illustrates, global GHG emissions are 
projected to be significantly reduced by 2030 only if 
COVID-19 economic recovery is used as an opening to 
pursue decarbonization. Therefore, bridging the 2030 
emissions gap critically depends on the extent to which 
this opening is used and integrated into substantially 
more ambitious new or updated nationally determined 
contributions (NDCs). Previous editions of the Emissions 
Gap Report have highlighted the major long-term sectoral 
transformations that are needed to bridge the gap and 
reach net-zero GHG emissions globally and these are also 
relevant to consider in the context of recovery measures 
(box 4.1).

Governments evaluate fiscal rescue and recovery spending, 
taxation and regulatory options against a variety of criteria. 
In most instances, the ability to stabilize or stimulate the 
economy through a specific measure is likely the first 
criteria considered by policymakers. However, measures 
that have similar short-term economic characteristics may 
differ considerably in terms of their social, environmental 
and long-term economic impacts. Considering medium- to 
long-term economic, environmental and social indicators 
can therefore help governments maximize the long-term 
prosperity benefits of their recovery measures. Various 
studies discuss, in a global context, the benefits of aligning 
policy with different indicators. These are summarized in 
table 4.1 (Flyvbjerg 2020; Hepburn et al. 2020; International 
Energy Agency [IEA] 2020; Jotzo et al. 2020; O’Callaghan et 
al. 2020; Vivid Economics 2020b; World Bank 2020d). 

For country-specific cases, detailed evaluation is required 
to assess the appropriateness of each measure, as impacts 
vary across different political, environmental, economic, 
business, legal, regulatory and social domains. To design 
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Box 4.1. Major long-term sectoral transformations needed to reach net-zero GHG emissions globally

 ▶ Full decarbonization of the energy sector, 
based on renewable energy and electrification 
across sectors, including phasing out coal-fired 
power plants

 ▶ Decarbonization of the transport sector in parallel 
with modal shifts to public transportation, cycling 
and walking

 ▶ Shifts in industry processes towards electricity, 
(near-)zero carbon, substitution of carbon-
intensive products, circularity and material 
efficiency

 ▶ Decarbonization of the building sector, including 
electrification and greater efficiency

 ▶ Enhanced agricultural management as well as 
demand-side measures such as dietary shifts 
to more sustainable, plant-based diets and 
measures to reduce food waste

 ▶ Zero net deforestation and the adoption of policies 
to conserve and restore land carbon stocks and 
protect natural ecosystems, aiming for significant 
net CO2 uptake in this sector

Source: UNEP Emissions Gap Report 2019 – chapter 4 (Höhne et al. 2019)

optimal policy, it is important that results for each dimension 
are assessed and weighed against each other.

Some fiscal rescue and recovery measures are likely to 
perpetuate high-carbon and environmentally damaging 
development (see table 4.2 to table 4.7 for detailed COVID-19 
examples). These include:

 ▶ fossil fuel-based infrastructure investments or fiscal 
incentives for high-carbon technologies and projects

 ▶ waivers or rollbacks of environmental regulations

 ▶ bailouts of fossil fuel-intensive companies without 
conditions for low-carbon transition or environmental 
sustainability: relevant industries include airlines, 
internal combustion automotive companies, industrial 
industries and fossil energy companies.

Conversely, many fiscal rescue and recovery measures 
can simultaneously support rapid, employment-intensive 
and cost-effective economic recovery and a low-carbon 
transition (see table 4.2 to table 4.7 for detailed examples).
Broad categories include:

 ▶ support for zero-emissions technologies and 
infrastructure, for example, low-carbon and renewable 
energy, low-carbon transport, zero-energy buildings 
and low-carbon industry

 ▶ support to research and development of zero-
emissions technologies

 ▶ fossil fuel subsidies through fiscal reform

 ▶ nature-based solutions, including large-scale 
landscape restoration and reforestation.

Experience from early COVID-19 rescue and recovery 
measures can provide valuable insights for policymakers 
designing economic rescue and recovery measures for 
the immediate future. Based on an assessment of recently 
published literature and information from available rescue 
and recovery trackers, table 4.2 to table 4.7 provide case 
examples of low-carbon and high-carbon recovery measures 
organized by main sectors. All tables have been constructed 
based on information available in October 2020. Each table 
includes a set of examples that reduce GHG emissions and 
a set of examples that tend to increase GHG emissions or 
foster lock-in of high carbon emissions. 

The case examples presented have all been cited by 
multiple sources and many incorporate relevant additional 
socioeconomic considerations, such as employment or 
social benefits (CarbonBrief 2020; Energy Policy Tracker 
2020; O’Callaghan et al. 2020; Vivid Economics 2020a). 
Further research is required to assess the replicability 
of specific recovery examples in different country 
contexts given their different environmental, social and 
economic dimensions.
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Table 4.1. Non-exhaustive, simplified overview of recently published literature that proposes indicators to assess and design 
low-carbon, sustainable and socially inclusive economic recovery measures 

ENERGY AND ELECTRICITY SUPPLY: low-carbon and high-carbon interventions 

Country Case study Studies

  Direct support for zero-emissions energy technologies and infrastructure 

Republic of 
Korea

Increased support for solar and wind capacity deployment in 2020-2025, with a 
particular focus on large-scale offshore wind parks (Republic of Korea, Ministry of 
Economy and Finance 2020)

1 3 4  5
 

Chile Green Credit programme to make renewable energy investments of up to 
US$39 million in 2020 by refi nancing long-term credits granted by fi nancial 
intermediaries (Government of Chile 2020; Mackenna et al. 2020)

4  

China Increase in solar and wind energy targets to 240 GW each for 2020, implying 
additions of 30 GW of wind and 36 GW of solar in 2020 (Hove 2020)

3 5  

 

Malaysia Tender of 1 GW solar announced as part of economic recovery efforts, with the 
potential to create 12,000 employment opportunities in Malaysia (Government of 
Malaysia 2020)

7

 

Nigeria Installation of Solar Home Systems (SHS) in 5 million households currently not 
connected to the national grid, including a local content production requirement 
triggering domestic employment opportunities (Akrofi  and Antwi 2020; 
Government of Nigeria 2020)

2  

Japan Up to US$50 million for the development of on-site renewables to support 
corporate power purchase agreements (PPAs) under companies’ commitments 
to the RE100 initiative (Japan, Cabinet Offi ce 2020; Japan, Ministry of the 
Environment 2020)

1 4 6  

  

Support for research and development (R&D) in zero-emission energy technologies 
and infra structure, and liquidity support to energy companies with conditions for 
zero-emission transition

Germany & 
France

Funding for national hydrogen strategies to support R&D in green hydrogen 
technologies: around US$8.3 billion in Germany (Germany, Federal Ministry of 
Finance 2020) and around US$2.4 billion in France as part of the recovery plan 
(France, Ministry for the Economy and Finance 2020a)

2 3 4  

Canada Energy companies and other corporates receiving support from the Large 
Employer Emergency Financing Facility (LEEFF) must commit to disclosing 
annual climate-related reports, including an assessment of the impact of their 
future operations on sustainability and climate goals (Canada, Offi ce of the Prime 
Minister of Canada 2020)

1 6
 

Total of 45 low-carbon spending measures identifi ed in 17 out of 50 countries and 32 high-carbon spending 
measures in 14 out of 50 countries as at October 2020 (O’Callaghan et al. 2020)

Table 4.2   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the energy and 
electricity supply sector, and selected case examples as at October 2020

1 2 3 4

5 876

Vivid Economics (2020a) Carbon Brief (2020)          Energy Policy Tracker (2020)                  O’Callaghan et al. (2020) 

Climate Action Tracker (2020)  Moisio et al. (2020)          Martin (2020)                                  Sarkar (2020)  
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Indicators IEA  
(2020)

World 
Bank 

(2020d)

Hepburn 
et al. 

(2020)

Jotzo 
et al. 

(2020)

O’Callaghan 
et al. 

(2020)

Vivid 
Economics 

(2020b)

Timeliness (including speed of implementation 
and timing of effects)

Employment (including scale, quality, location 
and their distribution over time)

Economic activity (including short- and long-
term impact and multiplier effects)

Government budget capacity (including the 
impact on fiscal space, e.g. producing future 
fiscal revenues or savings to the government)

GHG emissions (including short- and long-
term and potential lock-in)

Other environmental benefits (including air 
quality and water)

Social benefits (including access to public 
resources, health, gender equity, cost-of-living 
reductions for low-income earners or improved 
public health)
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Table 4.2. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the energy and 
electricity supply sector, and selected case examples as at October 2020  

ENERGY AND ELECTRICITY SUPPLY: low-carbon and high-carbon interventions 

Country Case study Studies

  Direct support for zero-emissions energy technologies and infrastructure 

Republic of 
Korea

Increased support for solar and wind capacity deployment in 2020-2025, with a 
particular focus on large-scale offshore wind parks (Republic of Korea, Ministry of 
Economy and Finance 2020)

1 3 4  5
 

Chile Green Credit programme to make renewable energy investments of up to 
US$39 million in 2020 by refi nancing long-term credits granted by fi nancial 
intermediaries (Government of Chile 2020; Mackenna et al. 2020)

4  

China Increase in solar and wind energy targets to 240 GW each for 2020, implying 
additions of 30 GW of wind and 36 GW of solar in 2020 (Hove 2020)

3 5  

 

Malaysia Tender of 1 GW solar announced as part of economic recovery efforts, with the 
potential to create 12,000 employment opportunities in Malaysia (Government of 
Malaysia 2020)

7

 

Nigeria Installation of Solar Home Systems (SHS) in 5 million households currently not 
connected to the national grid, including a local content production requirement 
triggering domestic employment opportunities (Akrofi  and Antwi 2020; 
Government of Nigeria 2020)

2  

Japan Up to US$50 million for the development of on-site renewables to support 
corporate power purchase agreements (PPAs) under companies’ commitments 
to the RE100 initiative (Japan, Cabinet Offi ce 2020; Japan, Ministry of the 
Environment 2020)

1 4 6  

  

Support for research and development (R&D) in zero-emission energy technologies 
and infra structure, and liquidity support to energy companies with conditions for 
zero-emission transition

Germany & 
France

Funding for national hydrogen strategies to support R&D in green hydrogen 
technologies: around US$8.3 billion in Germany (Germany, Federal Ministry of 
Finance 2020) and around US$2.4 billion in France as part of the recovery plan 
(France, Ministry for the Economy and Finance 2020a)

2 3 4  

Canada Energy companies and other corporates receiving support from the Large 
Employer Emergency Financing Facility (LEEFF) must commit to disclosing 
annual climate-related reports, including an assessment of the impact of their 
future operations on sustainability and climate goals (Canada, Offi ce of the Prime 
Minister of Canada 2020)

1 6
 

Total of 45 low-carbon spending measures identifi ed in 17 out of 50 countries and 32 high-carbon spending 
measures in 14 out of 50 countries as at October 2020 (O’Callaghan et al. 2020)

Table 4.2   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the energy and 
electricity supply sector, and selected case examples as at October 2020

1 2 3 4

5 876

Vivid Economics (2020a) Carbon Brief (2020)          Energy Policy Tracker (2020)                  O’Callaghan et al. (2020) 

Climate Action Tracker (2020)  Moisio et al. (2020)          Martin (2020)                                  Sarkar (2020)  
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Table 4.2. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the energy and 
electricity supply sector, and selected case examples as at October 2020 (continued) 

ENERGY AND ELECTRICITY SUPPLY: low-carbon and high-carbon interventions 

Country Case study Studies

  High-carbon technology and infrastructure investments, for example reviving 
‘shovel-ready’ fossil fuel infrastructure projects

China Regulatory change as part of the risk and early warning assessment released 
in February 2020 that allows all but fi ve provinces to approve new thermal coal 
power plants (China Energy Portal 2020; Gao 2020; Global Energy Monitor 2020; 
National Energy Administration 2020)

1 3  5 6
 

India Accelerated commercial coal mining by removing the coal end-use restriction on 
private parties, with a fi rst auction announced for 41 new coal mines in 2020 to 
reduce India’s dependence on coal imports and spur private sector investments 
as key drivers in the context of new (ultra) supercritical power plants being built 
in India and the earmarked closure of up to 5.1 GW in coal capacity by the Central 
Electricity Authority (CEA) due to non-compliance with pollution standards (India, 
Prime Minister’s Offi ce 2020; Ranjan 2020)

1 3 4  5

8
 

  Waivers or rollback on environmental regulations for the energy industry

USA Waiver of reporting requirements for fossil fuel electricity generators under the 
Cross-State Air Pollution Rule, Acid Rain Program and NOx State Implementation 
Plan (Environmental Protection Agency [EPA] 2020), and executive order waiving 
environmental reviews of infrastructure projects

1 3  5  
  

Australia 
(states and 
territories)

Queensland has frozen fees and charges for coal and gas explorers until 
July 2021 (State Government of Queensland 2020), and South Australia has 
implemented a partial suspension of permitting and licensing fees in the oil, gas 
and mining sectors (State Government of South Australia 2020)

1 4  

Brazil Reduction of royalties for small or medium-sized companies exploring, 
developing and producing oil and natural gas to initiate further private sector 
investment (Brazil, National Energy Policy Council 2020)

3 4   

Bailout of fossil fuel companies without conditions for zero-emission transition

Canada Short-term unconditional liquidity support and higher-risk fi nancing for Canadian 
oil and gas companies to support operational requirements over a 12-month 
period of up to around US$46 million (CAD 60 million) per company announced 
in April 2020 (Business Development Bank of Canada [BDC] 2020). While this 
specifi c programme does not include requirements for zero-emission transition, 
the Government of Canada has also announced other recovery investments in 
the oil and gas sectors designed at reducing emissions while stimulating the 
economy and creating jobs.

1 3 4  

USA Paycheck Protection Program (PPP) established by the Coronavirus Aid, Relief, 
and Economic Security (CARES) Act and a tax loophole in the CARES Act provide 
fi nancial support to oil and gas companies, without any conditions for zero-
emission transition (Juhasz 2020)

1 3  6
  

Total of 45 low-carbon spending measures identifi ed in 17 out of 50 countries and 32 high-carbon spending 
measures in 14 out of 50 countries as at October 2020 (O’Callaghan et al. 2020)

Table 4.2   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the energy and 
electricity supply sector, and selected case examples as at October 2020 (continued)

1 2 3 4

5 876

Vivid Economics (2020a) Carbon Brief (2020)          Energy Policy Tracker (2020)                  O’Callaghan et al. (2020) 

Climate Action Tracker (2020)  Moisio et al. (2020)          Martin (2020)                                  Sarkar (2020)  
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Box 4.2. A potential opening for accelerated retirement of coal plants in India

Coal-based power is an important part of India’s 
immediate energy future to enable reliable and modern 
electricity access in a historically energy-poor nation. 
However, beneficial economics of an accelerated phase-
out of old coal-fired power plants, and expressions of 
political support for doing so, offer the possibility of post-
COVID recovery and both climate and air pollution gains. 

India has one of the largest and youngest coal power 
fleets in the world, with an installed capacity of 205 GW 
and average plant age of around 12 years (Malik et al. 
2020). India’s fleet continues to grow, with 6.7 GW added 
in FY2019-20 and another 59.8 GW in the pipeline, of 
which 23.7 GW are on hold for various reasons (Central 
Electrical Authority [CEA] 2020a). In contrast, 10 GW 
have been retired since April 2014 (India, Ministry of 
Power 2020a). 

However, rapid capacity addition in recent years (nearly 
60 per cent of India’s coal capacity was commissioned 
between 2010 and 2020), lower-than-forecasted growth 
in demand, and competition from renewable energy have 
created a power surplus. The entire coal fleet is facing 
low utilization rates (55–60 per cent) and competition 
for limited coal supply. Forty GW of coal-fired projects 
were financially stressed in 2018 (India, Ministry of 
Power 2018). In addition, new pollution control norms 
will add costs to coal-based electricity production. 
Reflecting these developments, in her budget speech 
for 2020, the Finance Minister suggested that old 
thermal plants with high carbon emissions should be 
closed, and the Power Minister later announced that 
5.1 GW had been earmarked for shutdown due to non-
compliance with pollution standards. Two major states, 
Gujarat and Chhattisgarh, have announced that they 
will no longer construct new coal plants (Carbon Copy 
Editorial Team 2019). 

In the medium term, COVID-19 is expected to cause 
a sustained decline in electricity demand compared 
with pre-COVID-19 trends (Spencer 2020). This could 
reinforce a move away from coal. Analysts have 
identified accelerated retirements of coal plants as a 
catalyst for reviving the power sector, while reducing 
air pollution and GHG emissions. Studies estimate 
that there is a strong economic and environmental 
case for decommissioning 27–36 GW of old, expensive 
or polluting plants in the short term (Fernandes and 
Sharma 2020; Srikanth and Krishnan 2020). This would 
release debt-ridden utilities from contractual fixed cost 
obligations and improve the utilization of younger, more 
efficient and cleaner plants, while also releasing low-
cost coal linkages.

At the same time, it would result in considerable savings 
in terms of system-level costs and GHG emissions 
(Dang, Nuwal and Acharya 2020; Ghosh and Ruha 
2020). It would also generate upstream benefits on 
the balance sheets of public sector banks at a critical 
moment. Increasing the usage of cleaner plants would 
avoid the cost of retrofitting old, dirty plants with air 
pollution control equipment. Furthermore, utilities would 
be free to lower their power purchase costs by replacing 
the lost generation with cheaper renewable energy or 
power exchange. 

Implementing an accelerated retirement programme 
for old coal plants will face technical and political 
constraints, particularly if the promoter has not fully 
recovered their equity. Proposals to overcome such 
challenges have recently emerged, such as bundling 
the decommissioning costs into renewable energy 
auctions (Dang, Nuwal and Acharya 2020) or raising 
government bonds funded by ratepayer surcharges to 
buy out brownfield assets (known as ‘securitization’) 
(Shrimali 2020).

One aspect not directly considered in this chapter is the 
extent to which the implications of COVID-19 and associated 
rescue and recovery measures may influence underlying 
drivers of high-carbon production and consumption. Box 4.2 

provides an example of how COVID-19 could compound 
economic and environmental incentives for a transition out 
of coal, using India as an illustrative example.
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Table 4.3. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the land-based 
transport sector, and selected case examples as at October 2020

LAND-BASED TRANSPORT SECTOR: low-carbon and high-carbon interventions

Country Case study Studies

  Financial incentives for zero-emission vehicles and other low-carbon transportation

Italy Government incentives for purchase and registration of low-carbon cars has 
increased by US$600 million, including budget to support installation of charging 
infrastructure for electric vehicles

1 3 4  

India (cities) The city government of Delhi aims to increase electric vehicles to 25 per cent of 
all new vehicle registrations by 2024 as part of its green stimulus package

1 3  

Canada Funding of US$1.1 billion to purchase zero-emission buses and charging 
infrastructure provided by the Canada Infrastructure Bank

2 3  

Investments in low-carbon infrastructure such as electric vehicle charging infrastructure, 
cycleways, and low-carbon rail or other mass transit systems

China Expansion of electric vehicle charging network with an additional 200,000 
charging stations to be installed in 2020, an increase of about 16.5 per cent over 
the year 2019 (Shen 2020)

1 3 4  

Mexico 
(cities)

Investment in active transport infrastructure in response to COVID-19 by investing 
in the expansion of Mexico City cycling network, with 54 km of new routes to 
support healthy, safe and sustainable urban mobility (City Government of Mexico 
City 2020; Webber 2020)

1 3 4  

United 
Kingdom

Funding of US$2.6 billion (GBP 2 billion) for bike lanes, wider pavements and safer 
junctions (Government of the United Kingdom 2020a)

3 4   

Spain Investments to support green transport networks, and funding for R&D 
in sustainable transport such as hydrogen-fuelled public transport (Government 
of Spain 2020)

1 4  

Fiscal reform on fossil fuel subsidies

India Temporary tax increase by INR 2 per litre for petrol and INR 4 per litre for diesel 
in the context of low international oil prices to create, inter alia, additional fi scal 
revenue streams for urgent rescue measures such as health-care provision in 
response to the COVID-19 pandemic (Kishore 2020; Parashar 2020)

2 3  

Nigeria Removal of gasoline subsidies to save a total of US$2 billion annually will increase 
end-consumer prices to around US$0.32 per litre for gasoline 
(Bala-Gbogbo 2020)

2 4  

Total of 35 low-carbon spending measures identifi ed in 18 out of 50 countries and 41 high-carbon spending 
measures in 21 out of 50 countries as at October 2020 (O’Callaghan et al. 2020)

Table 4.3   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the land-based 
transport sector, and selected case examples as at October 2020
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Table 4.3. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the land-based 
transport sector, and selected case examples as at October 2020 (continued)

LAND-BASED TRANSPORT SECTOR: low-carbon and high-carbon interventions

Country Case study Studies

  Bailout of transport and automobile companies with environmental conditions

United 
Kingdom

US$2 billion bailout to Transport for London (TfL) to cover the public 
transportation company’s losses, accompanied by the congestion charge in 
the Ultra-Low Emission Zone (ULEZ) in London increasing to GBP 15 per day 
(Government of the United Kingdom 2020b)

1 3  

France Government-backed loan of US$5.4 billion for car manufacturer Renault linked to 
environmental conditions, although limited information on the specifi c conditions 
has been publicly communicated (Government of France 2020)

1 3  

Financial incentives for high-carbon products (e.g. combustion engine vehicles), 
deregulation of vehicle emission standards, or automobile company bailouts without 
conditions for zero-emission transition

Russia Unconditional support to the Russian automotive industry of around US$360 
million (RUB 25 billion) through state procurement and interest rate subsidies, 
without any conditions for zero-emission transition (Government of the Russian 
Federation 2020)

1 3 4 6
  

Republic of 
Korea

Reduction of car sales tax for new cars from 5 per cent to 1.5 per cent between 
March and June 2020 and to 3 per cent from July to December 2020, without 
preferential measures for electric or hydrogen vehicles (Ho-Jeong 2020), despite 
an additional temporary tax cut on purchases of all-electric and hydrogen fuel-cell 
electric cars having been extended to 2022 (Kim 2020)

1 4 5  

  

Total of 35 low-carbon spending measures identifi ed in 18 out of 50 countries and 41 high-carbon spending 
measures in 21 out of 50 countries as at October 2020 (O’Callaghan et al. 2020)

Table 4.3   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the land-based 
transport sector, and selected case examples as at October 2020 (continued)

1 2 3 4

5 876

Vivid Economics (2020a) Carbon Brief (2020)          Energy Policy Tracker (2020)                  O’Callaghan et al. (2020) 

Climate Action (Tracker 2020)  Moisio et al. (2020)          Martin (2020)                                  Sarkar (2020) 
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Table 4.4. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the aviation sector, 
and selected case examples as at October 2020   

AVIATION: low-carbon and high-carbon interventions

Country Case study Studies

  Bailout of airlines or airports with conditions for zero-emission transition, 
and support of R&D in zero-emission aviation technologies and infrastructure

Austria Bailout of Austrian Airlines linked to several climate conditions such as reduction 
in domestic fl ight emissions by 2030, end of fl ights where a train connection 
under three hours exists, and minimum price for tickets via fees and taxes 
(Bannon 2020a)

4 5  

  

France Bailout of Air France linked to several non-legally binding climate conditions such 
as fl eet effi ciency improvements, reduction in domestic fl ight emissions by 2024 
and a fuel mandate by 2025 (Bannon 2020b), supplemented by US$1.8 billion 
(EUR 1.5 billion) in public support directed towards developing low-carbon planes 

1 2 3 4

5  

Bailout of airlines or airports without conditions for zero-emission transition, 
and deregulation of environmental standards or rollback of fees and taxes 

EU27+UK Twenty-four out of 26 airline bailouts in EU27+UK, totalling around US$32 billion 
(EUR 26 billion), did not have any conditions for zero-emission transition as at 
October 2020 (Transport & Environment 2020) 

1 9  
 for Germany, 
 Italy and Spain

Republic of 
Korea

Bailouts of around US$2.5 billion provided to Korean Air and Asiana Airlines, 
without any conditions attached for zero-emission transition (Yim 2020)

1 3 4  

USA Financial support to airlines of around US$60 billion, without any conditions 
attached for zero-emission transition, through the CARES Act (Aratani 2020)

1 3 4  

Total of three low-carbon spending measures identifi ed in 2 out of 50 countries and 48 high-carbon spending 
measures in 23 out of 50 countries as at October 2020 (O’Callaghan et al. 2020)

Table 4.4   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the aviation sector, 
and selected case examples as at October 2020

1 2 3 4

5 8 976

Vivid Economics (2020a) Carbon Brief (2020)          Energy Policy Tracker (2020)                  O’Callaghan et al. (2020) 
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Table 4.5. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the industrial sector, 
and selected case examples as at October 2020

INDUSTRY: low-carbon and high-carbon interventions

Country Case study Studies

  Financial incentives for investments in low-carbon technology, R&D and pilot projects 
for diffi cult-to-abate sectors such as the steel and cement sector, and bailouts of 
industrial corporations with conditions for zero-emission transition

Denmark Grants of US$140 million proposed to fund electrifi cation and energy 
effi ciency in industry between 2020 and 2024 to promote a “green transition” 
(Government of Denmark 2020)

2 5
  

Sweden Introduction of state credit guarantee programme for large-scale industrial 
investments that contribute to achieving the environmental and climate goals 
and reduce emissions (Sweden, Ministry of Finance 2020)

2 4  

United Kingdom Around US$450 million in funding has been provided to reduce emissions in 
heavy industry, for example funding to support the transition from natural gas 
to clean hydrogen power and the scaling-up of carbon capture and storage 
technology (Government of the United Kingdom 2020c)

1 2 4 5
  

Deregulation of environmental standards, rollback of climate measures, and 
bailouts of industrial corporations without conditions for zero-emission transition 

USA Relaxation of several environmental regulations for industry and energy 
companies (Columbia Law School 2020), for example the Environmental 
Protection Agency has suspended payment of penalties for violation of 
environmental regulations (Friedman 2020)

1 3 5 6
  

G20 Thirteen G20 Member States have bailed out industrial corporations 
without conditions for zero-emission transition, or have implemented other 
environmentally harmful rescue and recovery measures in the industrial 
sector (Vivid Economics 2020a)

1

Total of 25 low-carbon R&D spending measures identifi ed in 13 out of 50 countries and 47 ‘neutral’ R&D spending 
measures in 17 out of 50 countries as at October 2020 (O’Callaghan et al. 2020)

Table 4.5   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the industrial 
sector, and selected case examples as at October 2020
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Table 4.6. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the buildings and 
construction sector, and selected case examples as at October 2020  

BUILDINGS AND CONSTRUCTION SECTOR: low-carbon and high-carbon interventions

Total of 14 low-carbon retrofi t spending measures identifi ed in 9 out of 50 countries and nine high-carbon 
infrastructure spending measures (excluding transport and high-carbon energy) in 5 out of 50 countries as at 
October 2020 (O’Callaghan et al. 2020)

Table 4.6   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the buildings and 
construction sector, and selected case examples as at October 2020

Country Case study Studies

  Financial and regulatory support for energy-effi cient retrofi ts of existing buildings, 
and accelerated construction of low and zero-energy buildings

Germany Additional funding of around US$2.5 billion in 2020 and 2021 for a building 
renovation programme targeting energy effi ciency improvements (Germany, 
Federal Ministry of Finance 2020)

1 2 3 4
5    

 

Republic of 
Korea

Retrofi tting of old public facilities such as day-care centres and public housing 
with a total investment of around US$5.2 billion between 2020 and 2025 
(Republic of Korea, Ministry of Economy and Finance 2020) and creating more 
than 243,000 employment opportunities 

1 2 3 4

5    

  

Italy ‘Ecobonus’ scheme providing 110 per cent tax deductions for the private 
installation of energy-effi cient retrofi ts such as heat pumps (Government of 
Italy 2020a)

1 2 3 4

Stimulus programmes for retrofi tting existing buildings or supporting new buildings 
without any energy effi ciency criteria

Italy Tax credits for the refurbishment and upgrade of buildings in the tourism sector 
(around US$180 million per year in 2020 and 2021), without distinct conditions 
on energy effi ciency criteria (Government of Italy 2020b)

3 4   

1 2 3 4
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Table 4.7. Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the land-use and 
environmental protection sector, and selected case examples as at October 2020

LAND USE AND ENVIRONMENTAL PROTECTION: low-carbon and high-carbon interventions

Country Case study Studies

  Large-scale landscape restoration and reforestation efforts (‘nature-based solutions’)

India Additional funding (approx. US$780) through the Compensatory Afforestation 
Fund Management and Planning Authority (CAMPA) to support plantation work, 
forest management and wildlife conservation (Government of India 2020)

1 2 4 5
  

Republic of 
Korea

Funding component of around US$2.1 billion as part of the Green New Deal for 
2020-2025 to restore the terrestrial, marine and urban ecosystems, involving the 
creation of more than 100,000 employment opportunities (Republic of Korea, 
Ministry of Economy and Finance 2020)

1 4 5
  

  

Ethiopia Ethiopia and the United Nations Economic Commission for Africa signed a 
Memorandum of Understanding on a four-year US$3.6 million project on nature-
based solutions for water resources infrastructure and community resilience to 
support Ethiopia’s green recovery (United Nations Economic Commission for 
Africa 2020)

6
  

Pakistan Three-phased approach to natural ecosystems restoration focusing on local 
employment creation, for example aiming to provide around 65,000 employment 
opportunities as part of the fi rst stage of the 10 Billion Trees Tsunami project 
(Khan 2020)

4  

Deregulation of environmental standards and rollback of environmental regulations, 
and dismantling enforcement of state protection for natural habitats

Brazil Changes in rules and procedures on land use regulation and law enforcement in 
the Amazon, Cerrado, and Mata Atlântica areas to stimulate economic activity 
without safeguards for environmental protection (De Freitas Paes 2020; Gonzales 
2020; Observatório de Clima 2020)

1 10
  

Australia 
(states and 
territories)

Suspension of conservation laws in the logging industry for the next decade by 
the State of Victoria, as part of the Regional Forestry Agreement which exempts 
loggers from having to comply with certain federal conservation laws (Morton 
2020)

1

Total of 25 low-carbon spending measures identifi ed as green spaces and natural infrastructure investment 
identifi ed in 11 out of 50 countries as at October 2020 (O’Callaghan et al. 2020) 

Table 4.7   Non-exhaustive overview of low-carbon and high-carbon rescue and recovery measures for the land-use and 
environmental protection sector, and selected case examples as at October 2020
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Overall, this chapter has shown that while the opening for 
using COVID-19 economic recovery measures to pursue 
decarbonization has so far largely been missed, there are 

many opportunities to reverse this trend. This will be critical 
to bridging the emissions gap by 2030.
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Bridging the gap – the role of international shipping 
and aviation 

Lead authors: 
Jasper Faber (CE Delft, the Netherlands) and David S. Lee (Manchester Metropolitan University, UK)

Contributing authors:
Susanne Becken (Griffith University, Australia), James J. Corbett (Energy and Environmental Research Associates, USA), 
Nick Cumpsty (Imperial College London, UK), Gregg Fleming (Volpe Center, U.S. Department of Transportation, USA), Tore 
Longva (DNV GL, Norway), Marianne Tronstad Lund (Center for International Climate Research – CICERO, Norway), Tristan 
Smith (University College London, UK)

5

5.1 Introduction and framing 

Emissions from the shipping and aviation sectors have 
increased in the past decades (though they reduced in 
2020 due to the COVID-19 pandemic) and accounted for 
approximately 2 GtCO2 in 2019 (International Maritime 
Organization [IMO] 2020; Lee et al. in press). About two-
thirds of these emissions are international, meaning they 
are not included in national totals reported to the United 
Nations Framework Convention on Climate Change 
(UNFCCC) and are instead added as memo items. Although 
international emissions are not covered under the nationally 
determined contributions (NDCs) of most signatories to 
the Paris Agreement, article 4 commits its signatories 
to reducing all anthropogenic greenhouse gas (GHG) 
emissions. No sector is exempt from this commitment. At 
present, the International Civil Aviation Organization (ICAO) 
and the International Maritime Organization (IMO) are the 
specialized United Nations agencies tasked with addressing 
international GHG emissions. Shipping and aviation both 
largely depend on liquid fossil fuels and have inherently long 
technology development and fleet turnover times, which 
make it difficult for the sectors to decarbonize. In addition 
to GHG emissions, both sectors emit other emissions that 
contribute to climate change, such as nitrogen oxides (NOx), 
water vapour, back carbon (soot) and sulphur dioxide (SO2) 
(Eyring et al. 2010; Eide et al. 2013; Lee et al. in press). 

This chapter presents current and projected emissions to 
assess how much the international transport sectors are 
contributing to the emissions gap (section 5.2). Section 
5.3 analyses the technical, operational and fuel options 
available to decarbonize shipping and aviation. Section 5.4 
contrasts the projected emissions with global emissions 
pathways required to meet the Paris Agreement temperature 
goals in order to assess when, and to what extent, the 
decarbonization options should be implemented, while also 

evaluating the current policy goals in the context of the Paris 
Agreement. Section 5.5 concludes the findings. 

5.2 Current emissions, projections and 
drivers

Increased globalization and diversified economies have 
led to a rapid growth in human mobility and the transport 
of goods. In turn, increasingly connected and affordable 
transport systems have further enabled globalization and 
associated economic development, bringing socioeconomic 
benefits to parts of the population. In addition to rising 
global average incomes, this has caused an increase in 
consumer demand for travel and traded goods, reaching 
record levels in 2019 with 1.4 billion international tourists 
(World Tourism Organization [WTO] 2019), 4.5 billion 
passengers, 61.3 million tons of air freight (International Air 
Transport Association [IATA] 2020a) and 11 billion tons of 
world seaborne trade recorded (United Nations Conference 
on Trade and Development [UNCTAD] 2019). 

5.2.1 Shipping
GHG emissions from shipping, principally carbon dioxide 
(CO2), totalled approximately 1 GtCO2 in 2018, the latest year 
for which detailed data are available (IMO 2020), with small 
additional emissions of methane (CH4) and nitrous oxide 
(N2O). CH4 emissions have risen in recent years (albeit from a 
low base), due to the increased number of liquified natural gas 
(LNG)-fuelled ships. Shipping also emitted around 100,000 
tons of black carbon (soot) in 2018, which is a short-lived 
climate pollutant that contributes to warming (Comer et al. 
2017; IMO 2020). Other non-CO2 emissions (such as NOx and 
SO2) cause net cooling effects, largely through the formation 
of low-level clouds from SO2 emissions (Fuglestvedt et al. 
2009; Peters et al. 2012), although in January 2020, new air 
quality protection regulations for shipping entered into force, 
with the aim of reducing these emissions (Sofiev et al. 2018).

392  



53

Emissions Gap Report 2020

In 2018, international voyages (those between ports in 
different countries) were responsible for 71 per cent of the 
sector’s CO2 emissions (IMO 2020).1 Many of the ships that 
undertake international voyages also undertake domestic 
voyages. For example, a ship may load cargo in a port in 
one country, sail to a second port in that same country to 
load more cargo, and then sail to a port in another country 
to discharge cargo. 

CO2 shipping emissions in 2018 were lower than in 2008, 
which was the historic peak. As shown in figure 5.1, seaborne 

1 According to another definition of international shipping emissions, which refers to ship types rather than to voyages, 87 per cent of emissions are 
international (IMO 2020).

trade and emissions were closely correlated between 1990 
and 2008. At the end of 2007, an oversupply of ships led ships 
to reduce their speed in order to ensure optimal utilization of 
their cargo capacity, which consequently reduced emissions. 
This became even more prominent in 2008 due to the decline 
in transport demand caused by the global financial crisis. 
After 2008, ships permanently reduced their speed by about 
10–20 per cent compared with their pre-2008 speed, and 
the average size of bulkers and container ships increased, 
resulting in further efficiency improvements.

Figure 5.1. Historical and projected international shipping emissions and trade metrics, indexed in 2008, for 1990–2050
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Source: IMO (2020)

In future decades, CO2 emissions from shipping are projected 
to increase by 4–50 per cent from 2018 levels according to 
a range of plausible business-as-usual (BAU) scenarios that 
assume no further policy intervention on shipping emissions. 
This is due to the projected 40–100 per cent increase 
in transport demand, despite projected fuel efficiency 
improvements in some scenarios (Faber et al. 2016; IMO 
2020). The main driver of the increase in transport demand 
is the projected growth in wealth, as there is a strong 
positive correlation between gross domestic product (GDP) 
per capita and maritime transport demand. 

DNV GL (2020) estimates that COVID-19 will cause the 
total demand for seaborne transportation to decline by 

approximately 8 per cent in 2020, which will vary between 
cargo segments. By May 2020, some segments had seen an 
increase in activity compared with the same period in 2019, 
though container shipping capacity reduced by 6 per cent. 
Manufacturing is typically more affected in an economic 
downturn, which in turn reduces the demand for seaborne 
trade of manufactured products and base materials. IMO 
(2020) did not foresee COVID-19 as impacting emissions 
projections for 2030 and beyond.

5.2.2 Aviation
In 2018, global CO2 aviation emissions were approximately 
1 Gt (Lee et al. in press), of which about 65 per cent were 
international and 35 per cent domestic (Fleming and de 
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Lépinay 2019).2 Emissions have increased by around 
27 per cent over the last five years (an average annual 
increase of 4.6 per cent based on International Energy 
Agency (IEA) data), while passenger numbers have grown 
by 38 per cent (based on International Air Transport 
Association (IATA) data). 

Despite increased access to mobility, aviation remains 
the preserve of high-income earners. Over 60 per cent 
of demand for aviation comes from inhabitants of high-
income countries (Becken and Pant 2019). According to 
Gössling and Humpe (2020), approximately 1 per cent of 
the world’s population account for more than half of the total 
emissions from passenger air travel, thus revealing a strong 
equity dimension to aviation as a consumer sector. Chapter 
6 discusses some of the demand-side issues related to 
aviation emissions and how these can be managed and re-
imagined in a post-pandemic future.

CO2 emissions from international aviation, along with related 
non-CO2 emissions from water vapour, NOx and soot/

2 Different data sources and emissions estimation methodologies are used in the literature, which may result in some differences. For example, ‘top-
down’ methodologies are used for IEA data, while Fleming and de Lépinay (2019) use a ‘bottom-up’ approach for their emissions models.

aerosol particles have a net warming impact on climate, 
with the total impact of both types of emission estimated 
at 3.5 per cent of all drivers of climate change from human 
activities (Lee et al. in press). Historical CO2 emissions 
from global aviation result in approximately 34 per cent 
of present-day aviation-related effective radiative forcing 
(ERF), with non-CO2 impacts accounting for approximately 
66 per cent of ERF from (global) aviation (Lee et al. in press). 

The aviation industry expects emissions to increase in the 
coming decades, despite the current COVID-19 pandemic, 
which is currently estimated to impact traffic until at 
least 2024 (IATA 2020b). The latest emissions projections 
from the eleventh meeting of the ICAO Committee on 
Aviation Environmental Protection (CAEP/11) (figure 5.2, 
prepared prior to the pandemic) suggest that emissions of 
international aviation will increase from about 0.5 GtCO2 of 
emissions (2015) to 1.2–1.9 GtCO2 by 2050 (Fleming and 
de Lépinay 2019). Revenue ton-kilometres (a metric for 
transport work in the aviation sector) are also expected to 
increase fourfold in the same period.

Figure 5.2. Projections of CO2 emissions for international aviation
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Figure 5.2 shows projections of CO2 emissions for 
international aviation to 2050, and incorporates projected 
improvements in technology, operations and infrastructure 
use. These trends assume that growth is unconstrained by 
airport infrastructure or airspace operational constraints. A 
wide range of factors, such as fluctuations in fuel prices and 
global economic conditions, can affect such trends.

The current COVID-19 pandemic has severely affected 
demand for aviation transport, with 2020 passenger 
numbers expected to be 55 per cent lower than 2019 levels, 
and air cargo 12–15 per cent lower (IATA 2020b; IATA 
2020c), though it is too early to tell what this will mean in 
terms of emissions. Current IATA forecasts suggest that 
short-haul traffic will recover more quickly than long-haul 
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traffic. Market analysts suggest that some of the reductions 
in corporate travel could be permanent, which is supported 
by the Global Business Travel Association’s ongoing polling 
(Global Business Travel Association [GBTA] 2020). Overall, 
emissions are likely to increase as traffic recovers, but 
there is significant uncertainty over the rate of recovery and 
impact on long-term projections.

5.2.3 International shipping and aviation emissions 
and the goals of the Paris Agreement 

Unless States choose to include international shipping 
and aviation GHG emissions in their initial NDCs, these 
emissions are not addressed by national policies. The 
emissions trajectories from the Intergovernmental Panel on 
Climate Change (IPCC) Special Report on Global Warming 
of 1.5°C (SR1.5) (2018) indicate that global temperature 
increase can only be limited to no more than 1.5°C if CO2 

emissions reach net zero by 2050 (interquartile range: 
2045–2055), with active permanent removal of CO2 from 
the atmosphere thereafter. To limit global warming to 
below 2°C, CO2 emissions need to reach net zero by 2070 
(66 per cent probability). Based on these pathways, it is clear 
that international shipping and aviation must be completely 
decarbonized by around 2050 for 1.5°C and by 2070 for 2°C.

This is illustrated in figure 5.3, which shows combined 
CO2 emissions from international shipping and aviation as 
percentages of the available CO2 budget, relative to IPCC 
illustrative 1.5°C scenarios. Without further mitigation 
action, combined international emissions will consume 
around 60–220 per cent of the available global CO2 budget 
by 2050. This remains the case even when the benefits of 
technology are included to arrive at the ‘low’ estimates for 
fuel usage.

Figure 5.3. Global emissions pathways of CO2 limiting global warming to 1.5°C under IPCC illustrative 1.5°C scenarios
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5.3 Mitigation options

5.3.1 Shipping

Improving supply chains and logistics 
There is significant potential to improve efficiencies 
throughout transport networks, aligning transport demand 
with size, operations and functionality of ships as well as 
land-based infrastructure and logistics systems. Improving 
fleet efficiency can be achieved through increased utilization 
(for example, reducing ballast leg using larger vessels, 

assuming the increased capacity is utilized), alternative 
sea routes that have shorter distances, and reduced speed 
(DNV GL 2019).

Reducing ships’ speed has large emissions reduction 
potential. The required propulsion power of a ship increases 
approximately to the third power of its speed. Since 
2008, the shipping fleet has reduced its average speed 
and significantly reduced its emissions, though further 
reductions are possible (IMO 2020). Reducing the speed 
of large tankers from 12 knots to 11 knots for example, 
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reduced emissions per ton-mile by around 8 per cent. Below 
7 knots, the emissions begin to increase again (Lindstad and 
Eskeland 2015). 

Improving ship design and operation 
The newest generation of ships (built after 2015) are typically 
about 10–15 per cent more efficient than older ships, mainly 
due to optimized hull design and propeller efficiency and 
reduced auxiliary loads. This was at least partly driven by 
regulation on the Energy Efficiency Design Index (EEDI), an 
IMO efficiency standard that applies to new ships contracted 
from 2013 (Faber and ’t Hoen 2016). Ships built in the next 
five years may improve by another 15–25 per cent through 
improved machinery and electricity systems, which could 
include measures such as hybridization (peak load shaving 
in conjunction with batteries) and waste heat recovery. 
Later generations could include a full-scale application of 
sails and kites, air lubrication and more advanced waste 
heat recovery, with another 5–10 per cent improvement 
on average (DNV GL 2017). Operational measures could 
reduce emissions by a further 5–10 per cent (DNV GL 2017; 
IMO 2020).

The total potential of improving the energy efficiency of 
shipping up to 2050, including logistics and supply chain 
improvements, speed reduction and ship design and 
operation, ranges from 35 to 55 per cent compared with 
2018 (DNV GL 2019; Balcombe et al. 2020; IMO 2020). Most 
measures are expected to be cost-efficient with current fuel 
prices, though wind power, solar panels, air lubrication and 
waste heat recovery, which require significant investment, 
need a higher fuel price to be cost-efficient (IMO 2020).

5.3.2 Aviation 

Technological improvements – engine and airframe 
A recent review (ICAO 2019a) requested by ICAO using 
independent experts examined the two types of aircraft that 
burn the overwhelming majority of fuel, the single-aisle (such 
as the Boeing 737 and Airbus A320) and the twin-aisle (such 
as the Boeing 777 and 787, and Airbus A330 and A350), and 
estimated their performance in 10 and 20 years (2027 and 
2037). According to the review, radical alteration in aircraft 
shape is unlikely by 2037, with improvements limited to ‘tube 
and wing’ type aircraft. The following targets were deemed 
challenging but possible by 2037: reductions in fuel burn for 
single-aisle and twin-aisle aircraft of 21.6 per cent and 21.0 
per cent, respectively, which are annual improvements of 
1.22 and 1.28 per cent. Prior to the COVID-19 pandemic, in 
October 2018, IATA forecasted compound annual growth in 
air travel of 3.5 per cent, which equates to a doubling over 20 
years and is considerably greater than the reductions likely 
to follow from technological improvements.

In the ICAO/CAEP report, independent experts accepted the 
constraints on design that are currently imposed. In line with 
current practice, aeroplanes are designed for longer ranges 
than required, as this gives flexibility in terms of operations 
and makes resale easier, though at the expense of potential 

fuel-burn reductions. In a 2010 ICAO review (ICAO 2010), 
the following additional, but relatively small, savings were 
identified from changing design constraints:

 ▶ reducing the cruise Mach number from M=0.84 to 
0.78 would give potential savings of around 4 per cent 
for twin-aisle aircraft

 ▶ increasing wingspan for some designs would reduce 
fuel burn, though this would require wider gates at 
airports or folding wings (as on the Boeing 777X)

 ▶ injecting water into engines to mitigate the high-
temperature problems experienced at take-off would 
improve engine performance during cruise as less 
turbine cooling air would be required

 ▶ restricting top-of-climb performance (to make the 
clime rate smaller) would allow for better optimization 
of engines.

The independent experts also looked at advanced 
alternative aircraft types, such as the blended wing body (a 
design that merges fuselage with a large delta wing), and 
configurations with wider bodies, smaller wings and engines 
at the rear of the aeroplane. For the blended wing body, the 
fuel-burn reduction was 10–12 per cent compared with 
advanced conventional aircraft. Another alternative design, 
the Aurora D8, which was studied at the Massachusetts 
Institute of Technology (MIT) with support from the National 
Aeronautics and Space Administration (NASA), has wings 
and a separate fuselage, and offers roughly a 13 per cent 
improvement. Chen et al. (2019) estimate that blended wing 
bodies will be 31.5 per cent more efficient in terms of fuel 
burn than current aircraft. In general, there are likely to be 
improvements in aircraft airframes and engines in the next 
20 or so years, which will improve the burn-fuel metric by 
around 1.2 per cent per year. However, the crucial conclusion 
is that the sum of the potential improvements does not 
come near to matching the projected growth in aviation, let 
alone to reducing emissions from the current level.

Operational improvements
In practice, the operation of aircraft is generally less than 
optimal as they often fly below full capacity and cannot 
take the best flight route due to diversions and holding 
patterns. Improved operations could be achieved from, for 
example, single-engine taxi procedures and ground holds in 
the terminal area, reduced or de-rated thrust on departure, 
more direct routing and weather-optimized routing en route, 
and continuous descent approach (CDA) during arrival. A 
recent ICAO study calculated that routing inefficiencies 
currently total 2–6 per cent (Brain and Voorbach 2019). 
Clearly, the scope for operational improvements to reduce 
CO2 emissions is limited.

5.3.3 Alternative fuels 
For both the aviation and shipping sectors, decarbonization 
cannot occur without a transition away from the fossil fuels 
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that they currently burn to alternative fuels. Such fuels 
could include synthetic hydrocarbon fuels3 produced from 
biomass, waste products or CO2 direct air capture (DAC) 
from the atmosphere (The Royal Society 2019), zero-carbon 
fuels and energy carriers, such as hydrogen and ammonia 
(as long as they are produced without generating additional 
GHG emissions). This section discusses non-fossil 
alternative fuels for shipping and aviation that have low, zero 
or negative GHG emissions throughout their life cycle.

Biofuels
Various biofuels are currently used in shipping and aviation, 
albeit on a small scale, with estimates suggesting that 
these will comprise less than 1 per cent of total aviation 
fuel by 2024 (International Energy Agency [IEA] 2019). While 
biofuels can have lower life cycle emissions, assessing 
their merits is complex, as gains towards ‘carbon neutrality’ 
depend heavily on their feedstocks and processes, as 
well as on their direct and indirect emissions, particularly 
those resulting from land-use change (LUC) from biofuel 
production. Assuming that biofuel combustion is carbon 
neutral is therefore a fundamental accounting error that rests 
on implicit spatiotemporal boundaries and assumptions 
(Searchinger et al. 2009), as for many biofuels, the energy 
return on investment is comparatively low or possibly 
negative (Hall, Lambert and Balogh 2014; Chiriboga et al. 
2020). The availability of land and water is also a key and 
potentially ethical constraint on the availability of biofuel 
(Nuffield Council on Bioethics 2011). 

For shipping, biofuels are currently three to five times as 
expensive as conventional fuels (CE Delft and Ecorys 
forthcoming) and are of similar magnitudes for aviation 
(IEA 2018). 

E-fuels from renewable energy
Other pathways have been discussed for the production 
of synthetic hydrocarbon fuels, such as power-to-liquid 
‘electro-fuels’ (e-fuels) (Schmidt et al. 2018), or more broadly 
‘power-to-x pathways’ (Kober et al. 2019) (for example, by 
incinerating municipal waste). The generation of such fuels 
critically requires the availability of renewable electricity, 
CO2 and water to synthesize hydrocarbon fuels. To create 
carbon-neutral fuels, hydrogen needs to be produced via 
electrolysis powered by renewable energy, while CO2 needs 
to be taken directly from the atmosphere by DAC and used 
in Fischer-Tropsch, methanation or methanol synthesis 
processes. DAC still represents a significant challenge, 
although some CO2 may be captured from residual 
emissions, which includes processes such as fermentation 
and cement manufacturing. 

In terms of environmental performance, e-fuels have 
much smaller land requirements than biofuel and do not 
depend on arable land (Schmidt et al. 2018), though they 

3 Meaning hydrocarbon fuels generated from non-fossil fuel feedstocks and with renewable electricity in the manufacturing process (and avoiding 
an increase in fossil-powered electricity generation because of the increase in demand for electricity).

do require significant renewable electricity (Fuhrman et al. 
2020). Notwithstanding the significant barriers of sufficient 
available renewable energy and CO2 from DAC, creating 
synthetic fuel is technologically feasible, though at much 
greater costs than direct fossil fuel extraction and refining. 

In the case of aviation, the use of renewably-generated 
synthetic fuels (or biofuels) would also benefit the climate 
through reducing contrail-related warming, due to their 
absence of soot particles (which are formed from fossil 
kerosene aromatics and cause the formation of contrails) 
(Bier et al. 2017; Bier and Burkhardt 2019).

Hydrogen and ammonia
Hydrogen can be used as a zero-carbon fuel, either in 
combustion engines or fuels cells. To ensure that hydrogen 
is carbon neutral, it must be generated from renewable 
energy sources or reformation of fossil fuels during carbon 
capture and storage (CCS). 

Although liquid hydrogen (LH2) has an energy density per 
unit mass approximately three times greater than aviation 
kerosene, it has a much lower energy density per unit volume. 
Thick layers of insulation are also required, which further 
increases the effective volume. Its use in aviation would 
therefore require radical aircraft design changes (McKinsey 
and Company 2020). Similarly, for ships, hydrogen requires 
about seven times the space of diesel tanks (DNV GL 2019) 
and would result in a loss of revenue and range. There are 
also many infrastructural barriers to LH2-powered aircraft 
or ships, such as generation and distribution, meaning its 
development is only likely under a larger-scale hydrogen-
oriented energy economy.

The energy content of hydrogen may be obtained without 
the problems of cryogenic or high-pressure storage by 
using a hydrogen-containing compound as a carrier. This 
is done with hydrocarbons but can also be done with 
nitrogen to form ammonia. Burning ammonia releases the 
energy of hydrogen on combustion without producing CO2. 
Ammonia requires a volume of around 3.5 times the space 
of traditional fuel tanks (DNV GL 2019). Internal combustion 
engines can be modified to run on ammonia, though 
research and development are needed, including on ways 
to limit emissions of N₂O, a potent GHG (Valera-Medina et 
al. 2018). 

Full-electric propulsion
Full-electric propulsion can be carbon neutral if the 
electricity is generated without emitting CO2 (Epstein and 
O’Flarity 2019). However, a major barrier in both aviation 
and shipping is that the energy stored in batteries per unit 
mass is around 250 W-hr/kg, whereas hydrocarbon fuel 
has a calorific value of around 12,000 W-hr/kg. In addition, 
electrical machinery and control units are heavy and large.
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For aircraft, the heaviness of batteries means that battery-
propelled aircraft will be limited to shorter ranges. A recent 
paper by Langford and Hall (2020) states that electric 
propulsion makes economic sense for ranges between 50 
and 200 miles, meaning it will only slightly contribute to 
reductions in aviation sector emissions. Similarly, batteries 
can be used as propulsion energy for ships undertaking 
short voyages, most obviously ferries, but not long voyages 
unless radical improvements are made. 

Implications and key challenges: a focus on price signals 
and economic incentives
There are several options that the shipping sector can take 
to transition away from fossil fuels. Techno-economic 
analyses from the last two years (Ash and Scarbrough, 
2019; Lloyd’s Register [LR] and University Maritime Advisory 
Services [UMAS] 2019; DNV GL 2020; IEA 2020) all indicate 
that sustainable ammonia is the cheapest decarbonization 
option for shipping in many scenarios, and would only require 
a small evolution in current on-board machinery. However, 
the technology is just in development and full-scale pilots 
are unlikely for another three years, thus prolonging the 
period of uncertainty in least-cost fuels.

Non-hydrocarbon fuel options for aviation require radical 
airframe/engine and infrastructural changes. In contrast, 
‘drop-in’ fuel options, which include alternative hydrocarbon 
fuels such as biofuels and e-fuels, require little or no changes 
to aircraft, though they still emit CO2 when combusted in 
engines. Despite this, drop-in fuels achieve greater climate 
benefits compared with the life cycle of conventional jet fuel.

The use of alternative low- or zero-carbon fuels will involve 
massive investment, most of which (90 per cent) will finance 
the production and distribution infrastructure required, with 
far less required for on-board engines and fuel storage 
(Carlo et al. 2020). For operators, this will be reflected in 
the cost of fuel, which is significant for both shipping and 
aviation. Future carbon-neutral and zero-carbon fuel prices 
are estimated to cost in the range of US$20–100/GJ, which 
is significantly higher than current aviation fuel costs of 
around US$7.5/GJ. IEA estimated that the mean production 
costs of aviation biofuels in 2018 were approximately two 
to three times that of fossil jet kerosene (IEA 2018). The 
major uncertainty lies in the cost and availability of the 
primary energy sources, such as sustainable biomass and 
renewable electricity (DNV GL 2020; IMO 2020; LR and 
UMAS 2020). Shipping fuels traded at around US$8–9/GJ 
in summer 2020 (Ship & Bunker undated), although recent 
prices have reached over US$16/GJ.

A shift to fuels that emit low GHG emissions and are 
renewable provides a very strong economic signal that 
will further affect the fundamental inputs to fleet growth 
scenarios. If higher fuel costs translate into airfares, 
demand will reduce according to price elasticities, assuming 
all other factors remain equal. Elasticities for passenger 
air travel vary considerably (Smyth and Pearce 2008) but 
could average in the order of -1.1 across travel classes 

(Becken and Carmignani 2020). In the case of shipping, 
supply chains that adapt to these new economic conditions 
may enable fleets using renewable fuels to modify their 
services and modernize their technologies in such a way 
that allows GHG targets to be met with minimal impacts on 
the growth in demand for shipping services (Halim, Smith 
and Englert 2019).

Ultimately, the price gap between incumbent fossil fuels and 
post-fossil fuels represents a key challenge that prevents 
investment both in the sectors and infrastructure on land. 
Without sufficiently stringent regulation in place to force 
or enable a business case for zero-carbon fuel use, these 
investments are unlikely to flow at the required scale until 
there is either a customer preference or a price premium for 
zero-carbon shipping services. 

5.4 Pathways to lower emissions 

Section 5.2 shows that projected emissions from shipping 
and aviation are incompatible with emissions pathways 
that are consistent with the Paris Agreement temperature 
goals, given projected increases and the lack of permanent 
CO2 removals. This means that the decarbonization options 
presented in section 5.3 need to be implemented despite 
their high costs. This section discusses the agreed policy 
goals for both sectors, concludes that they are not sufficient 
to achieve full decarbonization by 2050 or well before 2070 
and discusses how policies could be intensified.

5.4.1 Current shipping policies
In 2011, the IMO adopted mandatory technical and 
operational energy efficiency measures that were expected 
to significantly reduce the amount of CO2 emissions from 
international shipping. These mandatory measures (EEDI/ 
Ship Energy Efficiency Management Plan – SEEMP) 
entered into force on 1 January 2013. In 2016, additional 
amendments were adopted to mandate the collection and 
reporting of ships’ fuel oil consumption data. The IMO’s 
Marine Environment Protection Committee (MEPC) adopted 
the Initial IMO Strategy on reduction of GHG emissions from 
ships in 2018, which sets out levels of ambition for shipping 
emissions. These are stated in the strategy as:

 ▶ phase out GHG emissions from international shipping 
as soon as possible through strengthened energy 
efficiency design requirements for ships

 ▶ improve the carbon intensity (CO2 emissions per unit 
of transport work) of international shipping by at least 
40 per cent in 2030 and 70 per cent by 2050, both 
relative to 2008

 ▶ set GHG emissions from international shipping on 
a declining pathway as soon as possible, reducing 
the total annual GHG emissions of international 
shipping by at least 50 per cent by 2050 compared 
with 2008 as a point on a pathway of emissions 
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reductions consistent with the Paris Agreement 
temperature goals.

The IMO is due to agree on a Revised GHG Strategy in 2023, 
which will be a key opportunity to update the quantitative 
targets in line with the latest science, and to remove current 
ambiguities on their alignment to the Paris Agreement 
temperature goals. Currently, CO2 emissions from domestic 
shipping are generally not addressed in NDCs.

Role of non-State actors and national strategies
The system change required for shipping to decarbonize 
is considerable and demands industry regulation in order 
to overcome a range of market barriers and failures. The 
IMO’s most common regulatory target is ships and therefore 
shipowners, though significant evidence shows that there 
are many additional energy efficiency barriers and failures 
(Faber et al. 2012; Rehmatulla and Smith 2015). 

Private standards and initiatives to reduce GHG emissions 
from shipping include the following:

 ▶ Getting to Zero Coalition: a collaboration of 
approximately 140 corporations focused on achieving 
the goal of establishing scalable zero-carbon energy 
solutions for international shipping from 2030 (Global 
Maritime Forum 2020).

 ▶ Poseidon Principles: a commitment to transparent 
annual reporting of portfolio operational carbon 
intensity relative to an interpretation of the Initial 
IMO Strategy by financial institutions representing 
approximately 30 per cent of the capital invested in 
international shipping (Poseidon Principles undated).

 ▶ Sea Cargo Charter: a commitment to transparent 
annual reporting of supply chain operational carbon 
intensity relative to an interpretation of the Initial IMO 
Strategy by charterers and cargo owners (Sea Cargo 
Charter undated).

Altogether, these create a growing set of decarbonization-
aligned initiatives that will move capital and purchasing 
decisions and hold organizations accountable to the Paris 
Agreement temperature goals. Their connection to the 
Initial IMO Strategy and Paris Agreement temperature goals 
indicates that a clarification of the IMO’s ambitions within 
its Revised Strategy could be easily translated into further 
private sector action.

5.4.2 Current aviation policies
ICAO, as a specialized United Nations organization, has 
the lead role in steering the aviation industry’s response 
to climate change goals. It has developed two global 

4 This only refers to growth over and above the 2019–2020 levels. Owing to COVID-19 air travel disruptions, the ICAO Council has changed the 
baseline for the CORSIA pilot period to 2019 levels.

5 CORSIA only addresses international emissions.

aspirational climate change goals for international aviation, 
which are to improve fuel efficiency by 2 per cent per year 
until 2050, and to achieve carbon-neutral growth from 2020 
onward. ICAO Member States have identified four main 
elements in a ‘basket of measures’ to achieve these goals: 
aircraft technologies, operational improvements, sustainable 
alternative fuels and a market-based mechanism. Member 
States are also exploring the feasibility of a long-term 
aspirational goal for international aviation (ICAO 2016; 
ICAO 2019b). 

The means of in-sector reductions include aircraft technology 
improvements through the Aeroplane CO2 Standard (ICAO 
undated a), along with guidance on operational improvement 
measures to minimize fuel burn (ICAO undated b) and 
sustainability criteria for aviation fuels. The Aeroplane CO2 
Standard is expected to deliver incremental reductions in 
line with historic improvements in efficiency. Recent reports 
suggest that about 1.2–1.4 per cent in fleet efficiency gain is 
possible per year (ICAO 2019; Fleming and de Lépinay 2019), 
which falls short of the ICAO target of 2 per cent per year 
and is significantly less than the projected annual growth 
in aviation.

The route taken by ICAO to achieve carbon-neutral growth 
is being predominantly pursued via out-of-sector measures, 
in particular through the offsetting element of the Carbon 
Offsetting and Reduction Scheme for International Aviation 
(CORSIA), which sets a target of not increasing net CO2 
emissions from international aviation over average 2019–
2020 levels for the 2021–2035 period (ICAO 2020).4 CORSIA 
will require airlines to purchase eligible units to offset 
emissions above the baseline. Airlines can reduce their 
offsetting requirement by claiming emission reductions 
from CORSIA eligible fuels, thus incentivizing the use of fuels 
with a lower carbon footprint. It is crucial that the UNFCCC 
and Member States provide clarity on mechanisms to avoid 
double counting of units. The nature of offsetting means that 
there will be no absolute reductions in the aviation sector 
itself through the use of such credits, and could in fact result 
in a potential increase in CO2 emissions. Instead, aviation 
relies on other sectors’ avoidance or removal of carbon. 
By not only continuing to emit but potentially increasing 
emissions, the net effect will be that no overall reductions 
can be achieved. This outcome is in stark contrast with 
the reduction pathway necessary for limiting warming to 
within 1.5°C (Becken and Mackey 2017). Furthermore, the 
ambiguity of international aviation’s CO2 emissions in the 
Paris Agreement is a constraint to multilateral regulation. 

Regardless of concerns around the net benefit of offsetting, 
Scheelhaase et al. (2018) estimate that CORSIA will result 
in the offset of only 12 per cent of total international and 
domestic aviation emissions by 2030.5 Currently, offsets 
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are almost exclusively provided by emissions avoidance. 
At a hypothetical maximum, if additionality is assumed, 
only 50 per cent of the emissions will be ‘offset’ (Becken 
and Mackey 2017) as the ‘baseline’ is an intention to emit 
two units of CO2; if the avoidance is achieved, aviation still 
emits one unit. However, additionality is controversial as it 
inherently cannot be proven (Warnecke et al. 2019). More 
speculatively, it is possible that in the future, offsets – 
particularly sequestration offsets such as afforestation/
reforestation – may become scarce as States use them 
in their NDC accounting (which also presents a potential 
double-counting issue).

CORSIA sits alongside several other policies, most notably 
the European Union Emissions Trading Scheme (EU ETS) 
that currently includes intra-European flights. How European 
flights will be treated in terms of compliance with both the 
EU ETS and CORSIA remains a point of uncertainty (Erling 
2018; Scheelhaase et al. 2018; Maertens et al. 2019).

5.4.3 Intensifying policy measures to achieve 
decarbonization 

The previous section shows that decarbonization of 
shipping and aviation in line with the Paris Agreement is 
very challenging but necessary and feasible. It requires 
policies that specify energy consumption reduction targets 
for existing fleets, along with policies that aim to achieve 
a rapid transition away from fossil fuels to alternative 
fuels with a lower carbon footprint. Policy instruments 
related to the introduction of new fuels should incentivize 
an early adoption phase this decade and take a full life 
cycle approach to emissions accountancy (DNV GL 2020). 
Policies should aim to rapidly scale the deployment of new 
fuels as soon as possible (given the long lifetimes of assets), 
encourage investment in production processes and ramp up 
the required generation of renewable electricity.

Suitable regulation to bridge the fuel pricing gap could start 
at the domestic or regional levels. Satellite observations 
of shipping activity reveal that an estimated 30 per cent of 
total shipping emissions fall directly within the responsibility 
of national governments, which is twice the magnitude 
previously estimated (UCL 2020). Governments could 
therefore take action on this policy area as part of their 
NDCs. Domestic or regional actions towards regulating 
shipping emissions could also prompt ambitious action at 
the international level (known as ‘autonomous interaction’ 
in international law) and serve as a signal to the industry 
(Martinez Romera 2016).

Given that supply and demand are interlinked, and because 
investors need to have confidence that fuels will find a 
market or that ships or aircraft will be able to purchase the 
type of fuel they require, it takes time to make a transition. 
Due to these various lag effects, it is important to start the 
transition early and gradually, taking into account all United 
Nations Sustainable Development Goals (SDGs). 

5.5 Conclusions

1. If left unabated, the international shipping and aviation 
sectors are projected to emit increasing amounts of CO2 
and other GHG emissions in the coming decades. BAU 
scenarios indicate that international emissions from 
these sectors will consume between 60–220 per cent 
of allowable CO2 emissions under the IPCC SR1.5 
illustrative scenarios by 2050. 

2. Current policy frameworks are insufficient and 
additional policies are therefore required to bridge the 
gap between the sectors’ current BAU trajectories and 
GHG pathways consistent with the Paris Agreement 
temperature goals.

3. Improvements in technology and operations can 
increase the fuel efficiency of transport if further 
policies incentivize them. However, due to expected 
increases in demand (even considering the potential 
impacts of the current global COVID-19 pandemic), 
improvements are unlikely to result in decarbonization 
and absolute reductions of CO2 for either the shipping 
or aviation sectors.

4. Both sectors will therefore need to combine a 
maximization of energy efficiency with a rapid transition 
away from fossil fuel. Fossil fuel substitutes will need to 
be produced without combustion of fossil fuels, which 
will require a decarbonization (and rapid scale-up) of 
new production and supply chains.

5. International aviation currently intends to meet its 
ICAO goals through heavily relying on carbon offsets, 
which do not represent absolute reductions, but at 
best, provide time to transition to low-carbon fuels 
and introduce energy efficiency improvements. At 
worst, offsets create a disincentive for investment in 
in-sector decarbonization and delay the necessary 
transition.  Current carbon offsetting is clearly not a 
long-term solution and therefore needs to be minimized 
and eventually phased out. ICAO recognizes this 
through the CORSIA review scheduled for 2032.

6. For the next few decades it is highly likely that aircraft 
will be fuelled with hydrocarbons due to their inherent 
advantages as fuels. Compared with aeroplanes, ships 
have a less constrained design in terms of volume 
and mass of fuel, and therefore have greater options, 
including ammonia.

7. Biofuels can have a lower carbon footprint than fossil 
hydrocarbon fuels, but this is sensitive to induced LUC 
emissions, either direct or indirect, which are difficult 
to quantify. Large-scale production of fossil fuel 
substitutes will be difficult, expensive and potentially 
detrimental to the environment.
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8. The hydrogen feedstock used in ammonia and synthetic 
hydrocarbon fuel will only present net benefits if the 
production is powered by renewable electricity and if 
large amounts of CO2 are available without additional 
combustion of carbon-containing material. The use 
of synthetic fuels and biofuels in aviation would help 
reduce warming from contrail cirrus.

9. Although there are large uncertainties surrounding 
demand and price, the cost of fuel could increase 
severalfold, regardless of the feedstock and process. 
Any increases in the cost of fuel will raise the 
cost of both aviation and shipping. This will likely 
supress demand, especially for aviation, which may 
ultimately be the most effective means to manage the 
sector’s emissions.
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Bridging the gap – the role of equitable low-carbon 
lifestyles
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6.1 The consumption problem and why 
lifestyles are critical to tackling 
climate change

Minimizing the impacts of climate change requires rapid 
transitions in people’s lifestyles and how we organize 
our societies, institutions and infrastructure. This is 
underscored by the fact that household consumption 
accounts for around two-thirds of global greenhouse gas 
(GHG) emissions; Ivanova et al. (2016) estimate lifestyle and 
consumption emissions at 65 per cent of the global total, 
while Hertwich and Peters (2009) suggest the proportion 
to be around 72 per cent of total emissions.1 On an 
aggregate level, compliance with the 1.5°C goal of the Paris 
Agreement will require reducing consumption emissions 
to a per capita lifestyle carbon footprint of around 2 to 2.5 
tons of CO2e by 2030, and an even smaller 0.7 tons by 2050 
(Intergovernmental Panel on Climate Change [IPCC] 2018; 
Institute for Global Environment Strategies [IGES] et al. 2019; 
Ivanova et al. 2020). Most climate mitigation pathways that 
seek to keep temperature rise to within 1.5°C envisage a 
major role for lifestyle change (IPCC 2018). The International 
Energy Agency (IEA 2020) has likewise concluded that 
behaviour change is an integral part of emissions reduction 
strategies that accomplish net-zero emissions by 2050, 
emphasizing in particular the need for changes to domestic 
energy use, as well as reductions in car use and passenger 
aviation (see chapter 5).

Understanding the distribution of lifestyle emissions among 
populations and by activities is important for equitable 

1 Calculated using consumption-based accounting, encompassing GHG emissions associated with the production and use of products and services 
used by households.

targeting of mitigation measures, in order to encourage 
reductions from households with high consumption 
emissions and to avoid regressive impacts associated with 
imposing burdens on the poor (Rao et al. 2017; Roberts et al. 
2020; Wiedman et al. 2020). Average consumption emissions 
vary substantially between countries. For example, current 
per capita consumption emissions in the United States of 
America are approximately 17.6 tons CO2e per capita, around 
10 times that of India at 1.7 tons per capita. By contrast, 
the European Union and the United Kingdom together have 
an average footprint of approximately 7.9 tons per capita 
(see chapter 2). 

A range of estimates point to a strong correlation between 
income and emissions, with a highly unequal global 
distribution of consumption emissions. Such studies 
estimate that the emissions share of the top 10 per cent of 
income earners is around 36–49 per cent of the global total, 
whereas the lowest 50 per cent of income earners account 
for around 7–15 per cent of all emissions (Chakravarty et 
al. 2009; Chancel and Piketty 2015; Oxfam 2015; Hubacek 
et al. 2017; Dorband et al. 2019; Oxfam and Stockholm 
Environment Institute [SEI] 2020). This disparity is particularly 
stark where studies have estimated footprints among 
the very highest-income, highest emitters: the combined 
emissions share of the top 1 per cent of income earners 
has been found to very likely be larger than – and perhaps 
double – that of the bottom 50 per cent (Chancel and Piketty 
2015; Oxfam and SEI 2020). Around half the consumption 
emissions of the global top 10 per cent and 1 per cent are 
associated with citizens of high-income countries, and most 
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of the other half with citizens in middle-income countries 
(Chancel and Piketty 2015; Oxfam and SEI 2020). One study 
estimates that the ‘super-rich’ top 0.1 per cent of earners 
have per capita emissions of around 217  tCO2 – several 
hundred times greater than the average of the poorest half 
of the global population (Oxfam and SEI 2020). 

Estimates of the per capita CO2 consumption emissions of 
different global income groups are shown in figure 6.1, based 
on Oxfam and SEI (2020). This analysis estimates per capita 
CO2 emissions rather than CO2-equivalent, and allocates 
all consumption emissions to individuals rather than just 

those associated with household consumption. To indicate 
the relative scale of lifestyle emission changes required, a 
target for global average per capita consumption emissions 
of 2.1 tCO2 per capita in 2030 is also shown, as implied by 
1.5°C-consistent pathways estimated by Oxfam (2020). 
Estimates in figure 6.1 show that per capita consumption 
emissions of those in the global top 10 per cent of income 
earners would need to be reduced to about one-tenth of their 
current level by 2030 and those of the top 1 per cent by at 
least a factor of 30, while those of the poorest 50 per cent 
could increase by around three times their current level. 

Figure 6.1. Per capita and absolute CO2 consumption emissions by four global income groups in 2015
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Note: Per capita CO2 consumption emissions, and absolute CO2 consumption emissions by four global income groups in 2015, 
compared with emissions reduction targets for 2030 for limiting warming to 1.5°C. Income thresholds in 2015 are according to US$ 
purchasing power parity in 2011: 1 per cent > US$109,000; 10 per cent > US$38,000; middle 40 per cent > US$6,000; poorest 50 per cent 
< US$6,000.

Other estimates also affirm wide disparities in emissions 
by income bracket. Oswald et al. (2020) estimate that 
households of the global top 10 per cent of income earners 
use around 45 per cent of all energy for land transport and 
around 75 per cent of all energy for aviation, compared 
with 10 per cent and 5 per cent respectively for the poorest 
50  per cent of households. Similarly, Ivanova and Wood 
(2020) find that a large share of the emissions of the top-
emitting European Union households are transport-related. 

To design equitable low-carbon lifestyle approaches, it is 
important to consider these consumption inequities and 
identify populations with very high and very low carbon 
footprints. Central to addressing consumption inequities 
is reframing the meaning of ‘progress’ and ‘affluence’ 
away from the accumulation of income or energy-intensive 
resources to the achievement of well-being and quality of 
life. Studies show that a comprehensive idea of well-being 
that includes basic needs for all people can be attained with 
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a much-reduced level of energy consumption (Rao et al. 
2019; Millward-Hopkins et al. 2020).

6.2 Achieving lifestyle emissions 
reduction by sector

To help understand the options available to reduce lifestyle 
emissions, the Avoid-Shift-Improve (ASI) framework 
(Creutzig et al. 2018; van den Berg et al. 2019) provides a 
useful conceptual categorization. This framework does 
not articulate how lifestyle change occurs, but provides 
distinctions around the types of possible emissions 
reduction. In this chapter, we emphasize emissions 
reduction from mobility, residential energy use and food, as 
these constitute key sectors through which lifestyle change 
can enable climate mitigation, comprising approximately 
17 per cent, 19 per cent and 20 per cent of lifestyle emissions 
respectively (Hertwich and Peters 2009).

The Avoid category refers to the reduction in energy or 
carbon demand by foregoing some aspect of consumption 

2 For more detail on the results included in this chapter, please see Annex III. For more detail on the searches, procedure and inclusion criteria, please 
see Ivanova et al. 2020.

(for example, reduced travel, fewer appliances). The Shift 
category includes shifts in behaviour to less carbon-
intensive modes of consumption (for example, opting 
for walking, cycling or public transport instead of private 
vehicles; plant-based diets). The Improve category refers 
to reducing GHG emissions through improving efficiency 
or replacing technologies with lower-carbon ones, without 
changing the underlying consumption activity; this category 
includes increased vehicle efficiency and switching 
to battery electric vehicles (BEVs), efficient domestic 
appliances, household renewable energy and consumption 
of organically grown food. 

Figure 6.2 shows boxplots for options of varying carbon 
mitigation potential, aggregated by different sectors and 
ASI categories, based on a meta-review of 53 lifecycle 
assessment studies by Ivanova et al. (2020).2 These studies 
included the supply chain impacts that may occur elsewhere 
than the country of consumption. Also shown in figure 
6.2 are illustrative examples of impactful changes across 
sectors, based on median emissions reduction potential 
across studies. 
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Figure 6.2. Carbon mitigation potential of Avoid, Shift and Improve consumption options within domains
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and the middle line represents the median values of the consumption options. Examples for each ASI category per sector are given. For 
a detailed breakdown of consumption options included, see Annex III and Ivanova et al. 2020.

Building on the types of changes identified in figure 6.2, 
tables 6.1 to 6.3 offer examples from different countries on 
approaches to encourage low-carbon lifestyles for mobility, 
residential energy use and food, covering both hypothetical 
and implemented cases, as well as a range of mechanisms 
(for example, city-based projects, national policies and 
citizen-led initiatives). We discuss in more detail the range of 
mechanisms by which lifestyle change can be accomplished 
in section 6.3.

In terms of mobility (table 6.1), there is substantial mitigation 
potential to reduce emissions by avoiding and curtailing 
travel. Reducing long-haul flights has strong potential to 
reduce emissions in an equitable manner: air travel accounts 
for around 41 per cent of the carbon footprint of the highest-
emitting 1 per cent of households in the European Union, 
but less than 1 per cent of the emissions of the poorest 
50 per cent of households. Although this mitigation option 
is available only to primarily wealthier people who fly, it has 
the potential for substantial emissions reduction, at around 

1.9 tCO2e per avoided long-haul return flight (see chapter 5 
for a more detailed discussion of technology-centric options 
to reduce aviation-sector emissions). 

Emissions from mobility can also be reduced through more 
active travel such as cycling and walking, and greater use 
of public transport. Further options to improve mobility 
emissions include greater vehicle efficiency or the adoption 
of BEVs. Overall, consumption options in the mobility sector 
show high mitigation potential and high income-elasticity 
of demand (i.e. there is a strong link between income and 
mobility emissions; Ivanova and Wood 2020; Oswald et al. 
2020). This suggests that emissions reduction measures 
across this sector can be relatively impactful and equitable, 
as they concern limiting luxury consumption by higher-
income households.
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Table 6.1. High energy intensity (energy footprint/money spent by consumer), high income-elasticity of demand (luxury 
consumption) 

Most 
impactful 
changes

Annual GHG 
emissions 
reduction 
potential 

Mean (min/
max) tCO2e/
cap

Mechanisms for lifestyle change Practical examples

Reducing 
use of long-
haul flights/
medium-haul 
flights

One less long-
haul return 
flight: 1.9 
(0.7/4.5) 

One less 
medium-haul 
return flight:  
0.6 (0.2/1.5) 

Economic policies: end kerosene tax 
exemptions; implement frequent flyer 
levy; incentivize domestic tourism

Legal frameworks: restrict airline and 
flight advertising; legal challenges to 
airport expansion

Transport infrastructure: end further 
airport expansion in high-income 
countries; improve surface transport 
alternatives to aviation

Social norms and social movements: 
changing desirability of air travel

Social conventions: growing 
professional use of virtual meetings

Airport expansion plans in the UK legally 
rejected in their current form on climate 
grounds (Mitchell 2020)

Domestic Austrian flights replaced 
with intercity rail between Vienna and 
Salzburg (Railway Gazette 2020)

Tax exemptions for domestic tourism 
in India encourage land-based travel 
(Kumar 2016)

Frequent flyer levy could reduce flying 
among the wealthy (Fouquet and O’Garra 
2020)

Changing norms around flying: ‘flight 
shame’ (Gössling et al. 2020)

Rapid uptake and normalization of online 
work practices in response to COVID-19 
(Carroll and Conboy 2020)

Reduced car 
use, increased 
public 
transport 
and active 
travel (bicycle, 
walking)

Living car-free: 
2.1 (0.6/3.6) 

Reducing car 
usage: 0.8 
(0.1/1.6)

Car-pooling: 0.3 
(0.0 /1.0) 

Shift to active 
transport:

0.8 (0.01/2.8)

Economic policies: subsidized public 
transport; incentives for cycling 
and cycle purchases; road toll and 
congestion charges; vehicle quota 
policies

Legal framework: ban on petrol and 
diesel vehicle sales; parking and zoning 
restrictions; green public procurement

Transport infrastructure: tackle 
peak demand e.g. through car-pool 
lanes; expand cycle networks; open 
dedicated cycle lanes; introduce car-
free residential zones; expand public 
transport provision

Interpersonal influence: personal 
action contributes to visibility and 
mainstreaming of active travel

Habit disruption: targeted 
interventions when people move house

Integrated policies and infrastructure 
to enable cycling in Colombia, the 
Netherlands, Germany and Denmark 
(Cervero et al. 2009; Pucher and Buehler 
2008)

Car-free settlements in Austria 
(Ornetzeder et al. 2008)

USA car-sharing facilitates large 
reductions in household emissions 
(Martin and Shaheen 2011)

Global provision of public bike-sharing 
programmes (Meddin et al. 2020; United 
Nations Environment Programme [UNEP] 
2016)

Workplace provision of e-bikes (Page and 
Nilsson 2017)

Increased cycling through ‘pop-up’ bike 
lanes across Europe in response to 
COVID-19 (Kraus and Koch 2020)
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Reduced car 
use, increased 
public 
transport 
and active 
travel (bicycle, 
walking)

Shift to public 
transport:

1.0 (0.2/2.2)

Attitude and awareness: cycle safety 
and promotion campaigns; carbon 
labelling at point of sale for vehicle fuel

Social norms: increase convenience 
and attractiveness of active travel and 
car-pooling options e.g. via car clubs or 
shared neighbourhood vehicles

Incentives for bicycle purchase and repair 
– tax cuts for cycling in the EU (Fleming 
2019) and UK (Swift et al. 2016)

Citizen activism in India pushed for 
prioritizing non-motorized vehicles 
(Roy 2015) and advocacy groups 
accelerate uptake of cycling in Colombia 
and Denmark (Rosas-Satizábal and 
Rodriguez-Valencia 2019; Carstensen et 
al. 2015)

Smaller, 
more- efficient 
vehicles

0.4 (0.0/1.1) Economic policies: differentiated 
vehicle tax based on emissions

Legal framework and attitude 
change: ban advertising of large, high-
carbon private vehicles

Social norms and social movements: 
change desirability of large and high-
emission vehicles

Attitude and awareness: carbon/eco-
labelling at point of sale for vehicle fuel

Differentiated tax in Norway reduced 
high-emission car purchases but also led 
to more diesel cars (Ciccone 2018)

Campaign to ban advertising of sports 
utility vehicles (SUVs) and high-emission 
vehicles (Beevor et al. 2020)

Emissions standards to encourage 
smaller vehicles in Italy (Shindell et al. 
2011)

Health warnings and eco-labels for fossil 
fuel purchases (e.g. at petrol pumps) to 
prompt behaviour change (Gill et al. 2020)

Battery electric 
vehicle 

(BEV), fuel cell 
vehicle (FCV), 
hybrid vehicles

BEV: 2.0 
(-1.9/5.4) (varies 
with electricity 
mix)

FCV: 0.0 
(-3.4/5.8)

Hybrid: 0.7 
(-0.2/3.1)

Transport infrastructure: network of 
charging stations; priority parking and 
bus lane access for electric vehicles; 
public transport e-mobility options 
such as electrobuses

Economic policies: tax and fee 
exemptions for electric vehicle usage; 
grants and incentives for electric 
vehicle purchase

Interpersonal influence: household 
uptake and conversations contribute to 
diffusion of electric vehicles

Attitude change: social marketing of 
electric vehicles that highlights vehicle 
performance and addresses range 
anxiety

*To optimize impact from these 
mechanisms, it is also important to 
decarbonize the electricity mix. Supply 
side: moratoriums, bans on fossil fuel 
exploration and extraction

Bus lane access and reduction of, and 
exemptions from, fees and taxes led to 
BEV uptake in Norway (Aasness and 
Odeck 2015); consolidated by social 
influence between citizens (Figenbaum 
2017)

Restrictions on petrol cars, plus financial 
incentives, led to BEV uptake in China (Li 
et al. 2019)

Oil exploration moratoriums in Costa 
Rica, Belize, Mexico (Tudela 2019), New 
Zealand (2019) and France (2017)

Note: Emissions reduction calculations for all tables based on a meta-review by Ivanova et al. (2020). See the meta-review for emission 
reduction ranges and more details. The absolute minimum and maximum emissions mitigation ranges are included in parentheses.
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For the residential sector (table 6.2), there is substantial 
mitigation potential to reduce emissions through measures 
such as low-carbon heating and renewable energy use by 
households, as well as energy-efficient construction and 
renovations. Further options include reducing emissions 
through smaller living spaces and adjustments to room 

temperature. Overall, residential consumption options show 
relatively high mitigation potential, although much lower 
income-elasticity of demand (involving basic or essential 
consumption), with these highly context-dependent by 
socioeconomic group and region (Oswald 2020).

Table 6.2. Residential High energy intensity, low income-elasticity of demand (basic or essential consumption)

Most 
impactful 
changes

Annual GHG 
emissions 
reduction 
potential

Mean (min/max) 
tCO2e/cap

Mechanisms for lifestyle change Practical examples

Better energy 
efficiency of 
appliances 
and heat 
pumps; 
better 
insulation 
and 
construction

Refurbishment/
renovation: 0.9 
(0.0/1.9) 

Heat pumps: 0.9 
(0.0/1.8) 

Economic policies: retrofitting recovery 
packages; incentives to increase benefits of 
retrofitting for landlords and homeowners; 
incentives to purchase new energy-efficient 
appliances

Physical infrastructure: energy-efficient 
construction and stricter building standards; 
wood-based construction

Behaviour change: reduce barriers to action 
for retrofitting; make it easier for households 
to invest in energy efficiency

Information-based policies: standards and 
labels for energy-efficient products

Improved residential energy 
efficiency in USA; retrofitting 
public housing after economic 
downturn (Climate Action 
Tracker 2020)

India’s residential light-emitting 
diode (LED) purchase scheme 
(Kamat et al. 2020)

Legislation improving 
environmental performance 
of products; eco-design and 
energy labelling in the EU 
(Casamayor and Su 2020; 
European Commission 2020a)

Energy-efficiency standards for 
energy-intensive products in 
Japan (Asia Energy Efficiency 
and Conservation Collaboration 
Center 2020)

Household 
use of 
grid-based 
and on-site 
renewable 
electricity; 
heat pumps; 
district 
heating and 
cooling; 
combined 
heat and 
power

Renewable 
electricity use 
in homes: 1.5 
(0.3/2.5) 

Physical infrastructure: provide renewable 
electricity and related infrastructure for 
household renewable energy production

Economic policies: incentives to invest in 
and consume renewable electricity

Legal framework: restrictions on fossil-fuel-
based provision of home energy 

Social influence: harness social diffusion 
of solar panels via aggregate/community 
pricing options; emphasize presence of 
renewables through visible signposts; launch 
community engagement initiatives

Renewable energy defaults 
led to higher uptake of green 
home energy tariffs (Schonau, 
Germany; several states in USA; 
Kaiser et al. 2020; Kennedy and 
Rosen 2020)
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Technology 
to encourage 
shifts 
towards 
lower energy 
use

Lower room 
temperature: 0.1 
(0.0/0.4) 

Economic policies: incentivize lower usage 
and energy-efficient heating and cooling 
devices; loans for passive homes and net-
zero buildings

Smart meters reduced gas 
consumption by 22.0 per cent 
overall and by 27.2 per cent 
in high consumers in the UK 
(Mogles et al. 2017)

Technology 
to encourage 
shifts 
towards 
lower energy 
use

(continued)

Smart metering: 
0.2 (0.0/1.1)

Infrastructure: provide smart meters; use 
shading; insulate walls and windows; use 
high reflecting surfaces on areas such as 
roofs and walls; increase ventilation; install 
occupancy sensors

Behaviour change: green energy tariffs by 
default to encourage uptake; reduce energy 
use through information and feedback

Normative feedback reduces 
energy consumption in some 
circumstances (Schultz et al. 
2007; Jain et al. 2013)

Note: Emissions reduction calculations for all tables based on a meta-review by Ivanova et al. (2020). See the meta-review for emission 
reduction ranges and more details. The absolute minimum and maximum emissions mitigation ranges are included in parentheses. 

3 Improved cooking equipment is allocated to the food category in accordance with the original meta-review (Ivanova et al. 2020).

For food (table 6.3), a shift towards vegetarian or vegan diets 
offers substantial potential for carbon mitigation. Further 
options for emissions reductions include consumption of 
locally grown and organic food and use of improved cooking 

equipment.3 While the avoidance of excess consumption 
and food waste reduction show substantial mitigation 
potential, these options are mostly applicable to higher-
income households.

Table 6.3. Food Low energy intensity, low income-elasticity (basic or essential consumption) 

Most 
impactful 
changes

Annual GHG 
emissions 
reduction 
potential

Mean (min/max) 
tCO2e/cap

Mechanisms for lifestyle change Practical examples

Vegan/ 
vegetarian 
diet

Vegan: 0.9 
(0.4/2.1)

Vegetarian:

0.5 (0.0/1.5)

Legal framework: restrict advertising of 
high-carbon food items; stronger protection 
of forest land to withstand pressure from 
cattle ranches; trade policy that ensures 
sustainable supply chains

Economic policies: end incentives for 
unsustainable food industries and offer 
support for alternatives

Supply chains: influence provision systems 
e.g. better availability of sustainable 
products (e.g. plant-based alternatives) in 
supermarkets and retail outlets

Finnish policies to reduce dairy 
consumption using behaviour 
campaigns, school meals and 
training for health care workers 
(Pietinen et al. 1988)

Growth of veganism in Austria 
through social diffusion (Ploll et 
al. 2020)

European ‘farm to fork’ initiative 
aims to ensure sustainable diets 
are affordable and accessible; 
proposed legislation to address 
food linked to deforestation 
(European Commission 2020b)
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Social influence: cultural and societal 
changes via media

Provision of meat-free meals 
in schools in UK (Leeds City 
Council 2020) and ‘Meatless 
Monday’ in Norwegian armed 
forces (Milford et al. 2019)

Sufficiency 
(eating only 
what is 
needed) and 
food waste 
reduction

0.3 (0.0/1.3) Economic policies: penalties on food waste 
in supermarkets, dis-incentivize buffets and 
package deals

Infrastructure: schemes encouraging 
reuse/charitable donation of leftover food in 
restaurants 

Attitudes: campaigns against food waste 
and unnecessary stockpiling 

France implemented national 
policies against food waste 
in supermarkets (Mourad 
2016); Italy implemented a 
law to reduce food waste and 
encourage donation of leftover 
food to charity (Gazetta Uficiale 
della Republica Italiana 2016)

Local, 
organic 
foods

Organic food: 0.5 
(0.0/0.9)

Regional/local 
food:

0.4 (0.01/1.1)

Legal framework: policy support for organic 
production; stronger standards for the use of 
pesticides

Economic policies: incentivize local, organic 
options to ensure affordability

Social influence: work with communities, 
public kitchens and schools to diffuse change

Information sharing: knowledge transfer 
of resource-efficient agricultural practices 
between developed and developing countries

Danish Organic Action Plan 
led to increased provision of 
organic food in state-linked 
outlets (Sørensen et al. 2016)

Urban household vegetable 
gardens have potential to 
reduce GHG emissions 
(Cleveland et al. 2017)

Food-growing households 
in Czech Republic reduce 
household emissions (Vávra et 
al. 2018)

Legal exceptions granted for 
agricultural zones in Quezon 
City, Philippines, to ensure more 
self-reliant food production 
(C40 Cities Network 2020)

Note: Emissions reduction calculations for all tables based on a meta-review by Ivanova et al. (2020). See the meta-review for emission 
reduction ranges and more details. The absolute minimum and maximum emissions mitigation ranges are included in parentheses.

While the estimates considered here are drawn from a range 
of geographical regions, evidence of mitigation from lifestyle 
change from developing countries are typically lacking in the 
literature relative to European and North American studies. 
Approaches to promote low-carbon lifestyle measures in 
developing countries are critical, however, with structural 
transitions offering opportunities to align development 
and climate objectives (McCauley and Heffron 2018). Many 
developing countries’ economies are growing quickly, and 
infrastructure and policy decisions taken now have the 
potential to lock in high- or low-carbon lifestyles (the latter 
with multiple benefits) for the long-term. For instance, an 
estimated 3 billion people worldwide currently rely on highly 
polluting and unhealthy traditional solid fuels for household 
cooking and heating (Yadama 2013). Shifting these energy 
sources to electricity and clean fuels could heavily influence 
residential emissions reductions and provide multiple 
development outcomes (Creutzig et al. 2016; Mulugetta 
et al. 2019). 

6.3 Realizing lifestyle change: which 
mechanisms encourage low-carbon 
lifestyles?

The evidence presented so far shows that rising emissions 
are underpinned by contemporary lifestyles. Major 
reductions in emissions require substantial changes to 
these patterns of consumption and behaviours – especially 
among the global rich (Davis and Caldeira 2010; Liobikienė 
and Dagiliūtė 2016; Oswald et al. 2020; Oxfam and SEI 2020).

A person’s choices operate within broader contexts that 
enable or constrain action (Akenji and Bengtsson  2014; 
Walker 2014) – including physical environments, cultural 
conventions, social norms and financial and policy 
frameworks – and are inseparable from income levels 
and access to resources. Even so, individuals can exercise 
environmental citizenship to bring about societal change 
through the various roles they occupy: including as 
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consumers, members of organizations and communities, 
citizens participating in social movements and deliberative 
processes, or as owners of assets and investments (Stern 
2000). These types of personal action can influence not 
only the underlying social conditions that shape lifestyles, 
but also the actions of governments and businesses 

(Otto et al. 2020a; Nielsen et al. 2020; Amel et al. 2017). The 
interaction between structural conditions and how people 
live is dynamic: personal choices have consequences for the 
contexts within which they are made, which in turn reinforce 
or challenge the contribution of lifestyles to climate change 
(see figure 6.3).

Figure 6.3. Mechanisms to change lifestyles
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Note: Personal, social and contextual, and structural factors affecting lifestyle consumption options.

6.3.1 Incentives, information and choice provision
Approaches that encourage voluntary behaviour change 
(for example, information provision, economic incentives) 
have been a dominant means by which policy has attempted 
to influence lifestyles (Pykett et al. 2011). Economic 
policies such as renewable energy incentives have 
stimulated uptake of solar voltaic panels (Briguglio and 
Formosa 2017; Mundaca and Samahita 2020) and changed 
the competitiveness of renewable energy compared with 
fossil fuels. Market-oriented policies can also increase the 
behavioural plasticity (i.e. how responsive behaviours are 
to changes in external conditions) of actions for carbon 
emissions reduction (Dietz et al. 2009), which can be crucial 
in increasing access to low-carbon lifestyle options. 

Targeted information (energy efficiency information, carbon 
labelling) can also shift consumer decision-making towards 
more efficient and low-carbon products (Langley et al. 2012; 
Kunreuther and Weber 2014; Khosla et al. 2019; Whittle et 
al. 2019) and often has broad public support (Carbon Trust 
2020). Adjustments to the contexts under which decisions 
are made can also be influential, by offering low-carbon 

products and services as the default option (Kaiser et 
al. 2020).

While information and incentives can be useful, there 
are limits to approaches that seek to ‘nudge’ behavioural 
change, as they rely on individual responsibility to bring 
about change. Such approaches risk ‘scapegoating’ citizens 
(Akenji 2012) and may not be enough to overcome inertia 
(Kaiser et al. 2020). Historically, sustainable transitions have 
not been strongly driven by voluntary consumer choices 
(Organisation for Economic Co-operation and Development 
[OECD] 2003), but by factors such as social norms and by 
changing the options available to consumers (Sustainable 
Consumption Roundtable 2006).

While there have been calls for integrated policy that 
combines more assertive and restrictive policies with 
voluntary ones (Moberg et al. 2018), public acceptability 
is key for both approaches, with the risk that policies that 
unfairly burden households will receive backlash (Sovacool 
et al. 2017; Moberg et al. 2018). 
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6.3.2 Infrastructure and conventions of everyday 
life

Patterns of everyday life – the way we eat, travel and 
occupy our homes – are shaped and directed by the built 
environment, how services are provided, and expectations 
of normal conduct (Breadsell et al. 2019). In many developed 
nations, the dominance of the car has been enabled through 
urban infrastructure that is car-dependent, spatial planning 
that has led people to live far from workplaces and essential 
services, and a ‘car culture’ that favours this mode of 
transport (Mattioli et al. 2020). Likewise, high-carbon diets 
have become established through supply chains and market 
liberalization that has promoted convenience foods, bulk-
buying and meat-based meals (Hoolohan et al. 2016; Xiong 
et al. 2020).

Attempts to reduce lifestyles emissions are more likely to be 
effective if they address the infrastructures on which high-
carbon lifestyles depend and enable knock-on effects to 
other carbon-intensive practices. For example, high-speed 
rail networks may lower demand for domestic aviation 
(Clewlow et al. 2014). Conversely, infrastructural changes 
that do not anticipate how decisions might influence wider 
patterns of daily life may result in failure or unintended 
increases in emissions.

6.3.3 Social influence 
Where lifestyle change is accomplished – by one person, 
household or community – this can act as a catalyst to 
promote wider change, spreading behaviours through peer 
influence and reconfiguring what is typical or expected 
(Shwom and Lorenzen 2012; Guilbeault et al. 2018; Wolske 
et al. 2020). 

Social influence has contributed to wider uptake of rooftop 
solar panels (Bollinger and Gillingham 2012; Richter 2013; 
Graziano and Gillingham 2015), transport modal shift 
(Feygin and Pozdnoukhov 2018), transitioning to plant-
based diets (Cherry 2006) and purchase of energy-efficient 
products (Wolske et al. 2020). 

At the interpersonal level, people follow the example of 
others who are similar to themselves (Welsch and Kühling 
2009; Abrahamse and Steg 2013; Amel et al. 2017). At a 
larger scale, the actions of a committed minority of people 
can comprise a ‘critical mass’ that is able to prompt broader 
change in patterns of behaviour, leading to a tipping point 
whereby social conventions change rapidly towards a new 
normal (Centola et al. 2018; Otto et al. 2020a). Actions 
taken by key individuals can lead to greater uptake of 
similar choices by others. The social influence of high-
emitting groups, especially those in prestigious or influential 
positions, may be particularly important in shaping what 
is desirable and affect people’s willingness to cooperate 
on shared problems (Anderson 2011; Henrich et al. 2015). 
Additionally, climate communicators, advocates and 
researchers are seen as more convincing – and their advice 
more likely to be acted upon – if they themselves pursue 

low-carbon lifestyles (Attari et al. 2016; Attari et al. 2019; 
Sparkman and Attari 2020). 

6.3.4 Citizen participation 
Social movements can give individually disempowered 
people a strong voice if they act collectively (Kashwan 
2016; Otto et al. 2020b). The example of the Fridays for 
Future youth climate protests has demonstrated collective 
agency among individuals – many of whom do not even 
have voting rights – with the movement becoming widely 
established across Europe, Africa, South America and Asia 
(Marquardt 2020).

The involvement of people in bringing about change is 
enshrined in article 6 of the UNFCCC Doha Convention 
and article 12 of the Paris Agreement. Citizen participation 
can range from formal processes to shape policy, to 
participation in social movements. Where processes exist 
that enable individuals to directly shape policy – including 
citizens’ juries and assemblies – they have led to the 
proposal of measures that have confronted the structural 
determinants of high-carbon lifestyles (Kythreotis et al. 
2019; Devaney et al. 2020). For example, Ireland’s citizens’ 
assembly advocated higher taxes across carbon-intensive 
activities (Torney and O’Gorman 2019; Muradova et al. 2020) 
whereas in France, participants proposed a change to the 
country’s Constitution and a new law of ‘ecocide’ as ways to 
hold policymakers and other actors to account (Convention 
Citoyenne pour le Climat 2020). The 2015 World Wide Views 
deliberation across 76 countries likewise found that most 
citizens supported strong action on climate change (Dryzek 
and Niemeyer 2019). 

Advocacy of inclusive solutions has often been driven by 
poorer communities able to demonstrate best practice 
in climate mitigation (Roy 2015). For example, Project 90 
in South Africa advocates for a 90 per cent reduction in 
emissions by 2030 through youth leadership programmes 
and community engagement (Kyle 2020), while Bold 
Nebraska brought together farmers, Native Americans and 
other concerned citizens to build community action that 
successfully opposed the construction of the Keystone XL 
pipeline (Ordner 2017). 

6.3.5 Disrupting habits 
Much of our behaviour is habitual – unconscious routines 
triggered by contextual cues (such as time of day), rather 
than a conscious intention to act (Kurz et al. 2015). Habits 
are a substantial barrier to lifestyle change, as they lock in 
individual behaviour and maintain its automatic repetition 
over time (Maréchal and Lazaric 2011). However, since habits 
develop in, and are cued by, stable contexts (Wood et al. 
2005), changes in context can in turn provide opportunities 
to disrupt well-established routines (Verplanken et al. 2008; 
Kurz et al. 2015). 

‘Moments of change’ – defined as occasions when an 
individual’s circumstances change considerably within 
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a short time frame (Thompson et al. 2011) – have been 
identified as an important lever for lifestyle change 
(Capstick et al. 2014). Research shows that disruptions – 
whether concerning a person’s life-course (such as moving 
house) or structural changes (such as economic growth or 
downturn) – can provide opportunities to recraft lifestyles in 
new directions (Birkmann et al. 2010; Verplanken et al. 2018), 
such as shifting from commuting by car to home-working 
(Marsden et al. 2020) or investing in energy-efficient housing 
and the use of LEDs in the home (Khosla et al. 2019; Kamat 
et al. 2020).

6.3.6 Lessons from COVID-19: opportunity to lock in 
positive changes

COVID-19 has impacted everyday life around the world, 
disrupting many established patterns of behaviour. As 
noted in chapter 2 of this report, an unintended side effect 
of lockdown policies was a sharp, unprecedented drop in 
carbon emissions (Le Quéré et al. 2020), representing the 
largest relative reduction globally since WWII. However, 
policies to contain COVID-19 differ from those needed to 
curb carbon emissions in important ways, and there are 
risks in drawing simplistic parallels between these very 
different issues. Lockdown policies were enacted quickly 
and designed to be temporary disruptions to the status quo. 
By contrast, lifestyle changes to address climate change 
entail carefully managed and long-term transitions away 
from the status quo towards more sustainable and equitable 
practices (Howarth et al. 2020). Nonetheless, COVID-19 
has shown that rapid, extensive and profound changes in 
lifestyles are possible with the coordination of governments 
and civil society. The lessons for climate mitigation from 
COVID-19 are less about the magnitude or longevity of the 
drop in emissions observed, and more about the insights 
gained into how rapid lifestyle changes can happen.

First, governments must lead the way and create conditions 
under which lifestyle changes are possible (for example, 
economic measures that enable workers to remain at home). 
Second, positive social norms and a sense of collective 
agency are important for behavioural change. Finally, 
infrastructure to lock in behaviour changes is critical – for 
example in the case of cities that, in response to COVID-19, 
took action to promote walking and cycling and encourage 
local food production (C40 Cities Network 2020). New 
habits take around two to three months to form (Lally et al. 
2010), meaning the lockdown period in many countries may 
be long enough to establish new, enduring routines, if these 
are supported by longer-term measures.

In planning the recovery from COVID-19, governments have 
an opportunity to catalyse low-carbon lifestyle changes by 
disrupting entrenched practices, rethinking infrastructure 
and protecting environmental standards (Büchs et al. 2020, 
see also chapter 4). 

6.4 Integrated policies in each sector

Drawing on the mechanisms described above, the following 
sections outline integrated approaches to lifestyle 
change across the mobility, residential and food sectors, 
providing practical examples of measures that have been 
implemented, as well as potentially effective approaches.

6.4.1 Towards low-carbon mobility
Approaches to enable lifestyle change for the mobility 
sector include assertive policies that prioritize active travel, 
incentivize shifts to low-carbon modes of transport and 
discourage non-essential travel, particularly among high-
consuming groups. 

Around the world, changes to mobility options and practices 
have been made as a direct response to the COVID-19 
pandemic. The C40 group of around 100 large cities has 
called for a green and just recovery from the economic 
impacts of COVID-19 (C40 Cities Network 2020), including 
a worldwide initiative to pursue urban planning that enables 
most residents to access everyday needs within a 15-minute 
journey by walking or cycling. 

Social influence is important when shaping mobility lifestyle 
decisions. For example, near-exponential growth in electric 
vehicle ownership in Norway that has strongly aligned 
with climate policy conferring price advantages has been 
consolidated by peer-to-peer communication (Figenbaum 
2017), as well as neighbourhood effects (for example, 
visibility in residential areas) and perceptions of what is 
expected and desirable (Pettifor et al. 2017). Similarly, there 
is a role for social influence in shaping norms around the 
desirability of flying (‘flight shaming’; Gössling et al. 2020), 
potentially in conjunction with policies such as frequent flyer 
levies (Fouquet and O’Garra 2020).

Citizen participation can also mobilize support for low-carbon 
mobility policy. For example, in Leeds, United Kingdom, 
the city’s citizens’ jury recommended halting local airport 
expansion (Place-based Climate Action Network  [PCAN] 
2019); the French Convention Citoyenne proposed the 
prohibition of both new airports and the extension of existing 
airports, as well as ceasing most domestic flights by 2025 
(Convention Citoyenne pour le Climat 2020) and the Switch 
ON organization in India has mobilized concerned citizens 
to push back against planned restrictions on bicycles and 
non-motorized transport (Roy 2015).

Assertive policies around the world have challenged 
the social status of the car. For instance, in Bogotá the 
reallocation of street space, construction of off-street bike 
paths and car-free days has encouraged a shift towards 
cycling and walking (Rosas-Satizábala and Rodriguez-
Valencia 2019). Such measures can be achieved equitably: 
in the Netherlands, Germany and Denmark, cycling is 
distributed evenly across income, gender and age groups 
(Pucher and Buehler 2008). In China, BEV uptake has been 
encouraged using a combination of mandatory restrictions 
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on petrol cars (limiting their purchase and use) and market-
oriented policies (government subsidies, tax exemptions, 
and dedicated licence plates that afford parking benefits, 
as well as having symbolic value; Li et al. 2019). Health 
practitioners have also argued for warning labels at point of 
sale for fossil fuels (for example, at petrol stations) and in 
the context of high-carbon services (for example, on airline 
tickets; Gill et al. 2020). 

In developing nations, there are opportunities to leapfrog 
the car-dependent, carbon-intensive infrastructure that 
dominates many developed nations. High-density, mixed-
use urban forms that emphasize access by modes of 
transport other than cars are beneficial from an emissions 
perspective, and also enable more equitable participation 
in employment, cultural and entertainment activities 
(Kenworthy 2006). Such modal shifts also reduce local air 
pollution, thereby emphasizing the multiple benefits of more 
active, less carbon-intensive mobility options.

6.4.2 Towards a low-carbon residential sector
Policies that enable residential lifestyle change – particularly 
low-carbon technologies operating at the individual or 
household level (for example, energy-efficient building 
envelopes, heat pumps, electric vehicle charging points, 
household solar) – have been shown to lead to more rapid 
diffusion of technology and more widespread social returns 
(such as job creation) than in the case of larger-scale energy 
investments (Wilson et al. 2020). 

Incentives, information and changes to how choices are 
presented (behavioural ‘nudges’) have met with some 
success, especially in terms of enabling equitable access 
to low-carbon options. Green defaults (whereby new 
customers are automatically assigned green energy 
tariffs) have been shown to dramatically increase their 
uptake (Ebeling and Lotz 2015; Kaiser et al. 2020). In 2017, 
around 5 million customers in California, United States of 
America, were able to access greater renewable energy at 
lower cost through the green default provided by the state-
enabled Community Choice Aggregation programmes 
(O’Shaughnessy et al. 2019). 

More broadly, successful residential lifestyle changes require 
anticipating how policies will impact daily life. Financial 
incentives to encourage uptake of efficient and improved 
cookstoves in developing countries show that policies also 
need to account for ongoing costs of use and maintenance 
(Pattanayak et al. 2019), the role of female empowerment, as 
well as attachment to traditional cooking techniques (Lewis 
and Pattanayak 2012). 

The residential sector offers significant mitigation 
opportunities and risks as it is one of the longest-lived 
components of the economy. In many developing countries, 
rapid urbanization and population growth are outpacing 
the provision of adequate, affordable housing (United 
Nations 2017). Studies estimate that ongoing upgrade and 
construction of infrastructure to connect communities 

and enable urban development could result in additional 
emissions of 226 GtCO2 by 2050 (Müller et al. 2013; Bai et 
al. 2018). Analogously, the predicted growth in ownership 
of air-conditioning technologies (equivalent to 10 new air 
conditioners being purchased every second for the next 
30 years), especially in China, India and Indonesia, affirms 
the need for low-energy and low-carbon cooling options (IEA 
2019). Infrastructural changes can moderate this growth: 
for instance, in Viet Nam and India, successful examples 
of vernacular architecture (buildings designed using local 
knowledge and materials for local needs) require much 
lower energy inputs (Creutzig et al. 2016). 

In the past, recovery measures during economic downturn 
have been used to incentivize sustainable changes to 
households (for example, enabling retrofitting, solar panels 
and insulation; Climate Action Tracker 2020). Such policies 
bring multiple benefits by hastening the energy transition, 
enabling low-income households greater access to low-
carbon living, stimulating the economy and reducing income 
burdens from high energy costs. 

6.4.3 Towards low-carbon diets
In comparison to current average diets, full or partial 
vegetarianism has the potential to reduce emissions 
from food consumption by around 31 per cent, with a 
pescatarian diet leading to an approximately 27 per cent 
reduction (Aleksandrowicz et al. 2016). However, attempts 
to encourage more sustainable diets have tended to be 
limited to information and awareness campaigns, which 
typically have marginal effects (Traill et al. 2014; Schanes 
et al. 2016; Bianchi et al. 2018). Recent modelling shows 
that for the best outcome for emissions, global well-being, 
land-use and other factors, food policies should provide 
food to the undernourished while simultaneously reducing 
overconsumption and food waste in high-consumption 
regions (Hasegawa et al. 2019).

Placing costs on emissions-intensive foods such as beef 
and lamb, in conjunction with financial support to encourage 
healthy fruit and vegetable consumption, can shift demand 
and reduce food-related emissions by nearly 10 per cent 
globally (Springmann et al. 2017). Low-carbon diets also tend 
to be those that are healthier, thus providing opportunities 
for health and climate policy to be aligned (Aleksandrowicz et 
al. 2016; Willett et al. 2019). In Latin America, North America, 
Europe and many parts of Asia, consumption of red meat is 
at much higher levels than is recommended for a healthy, 
low-carbon diet (Willett et al. 2019). While it is not easy to 
shift notions of normal and culturally acceptable ways of 
eating (Bailey et al. 2014; Mozaffarian et al. 2018), recent 
history shows that this can occur rapidly and that diets in 
many parts of the world are in flux (Vermeulen et al. 2019). 

Comparable measures have been effective in influencing 
purchasing choices, such as taxes on unhealthy foods 
(Colchero et al. 2016) and subsidies for fruit and vegetables 
(for example, through food assistance programmes in the 
United States of America; Olsho et al. 2016). Complementary 
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measures such as restricting advertising of high-carbon 
foods (Hyseni et al. 2017), while improving access to low-
carbon foods, such as by increasing vegetarian meals in 
cafeterias and other food outlets, has the potential to enable 
dietary change (Garnett et al. 2019). Globally, close to one-
third of global food sales are from just 10 supermarket 
chains (IPES-Food 2017): major retailers have the ability to 
influence consumer practices, for example by encouraging 
alternatives to meat protein through ensuring their availability 
and prominence in stores (Gravely and Fraser 2018).

Policies against food waste offer benefits such as saving 
consumers money without reducing the quantity consumed 
(Hasegawa et al. 2019). Food waste bans and other policies 
can also allow providers of fresh fruit and vegetables to better 
address the needs of underserved or deprived communities 
(Pearson and Wilson 2013). Where authorities have direct 
control over food provision, including in the public sector, its 
carbon footprint can be cut: for example, the city of Leeds 
in the United Kingdom introduced meat-free and vegan 
catering into 182 primary schools for climate mitigation 
(Leeds City Council 2020). In Quezon City, Philippines, 
legislation is being developed for urban agricultural zones, 
with a scheme termed Fresh Market on Wheels delivering 
fresh produce from local farms to vulnerable communities 
around the city (C40 Cities Network 2020). However, as large 
segments of the global population still lack sufficient food 
(Willett et al. 2019), acknowledging divisions in terms of 
income and access are important if food sector emissions 
are to be reduced while meeting basic human needs. 

6.5 Looking forward

6.5.1 Communicating lifestyle change
Popular debate has often pitted ‘behaviour change’ and 
‘system change’ against each other, presented as a trade-off 
between two choices. As this chapter illustrates, however, 
system change and behaviour change are two sides of the 
same coin. When communicating about lifestyle change, it 
is important to recognize the constant interplay between 
the lifestyles of individuals and the social, cultural, political 
and economic systems in which they live and which they 
help shape.

There is a central role for communication and public 
engagement to change the way sustainable lifestyles are 
discussed in public forums and to emphasize the dynamic 
and complex relationship between systems and behaviour. 
Recognizing the role of interpersonal influence can also 
help emphasize the social and collective nature of lifestyle 
change, and is potentially more empowering than a view 
of personal actions that occur in isolation or that are 
negligible compared to the need for large-scale climate 
mitigation (Maniates 2001; Capstick 2013; Kubit 2020). 
Communicating where actions would be most impactful, 
and that changes to lifestyles are a necessary component 
to meeting global emissions reduction targets, is a powerful 
tool that can be wielded by a diverse range of actors.

6.5.2 Overcoming barriers and accomplishing long-
lasting change 

In seeking to shift focus from economic growth towards 
equity and well-being within ecological limits, a move towards 
sustainable lifestyles is likely to challenge powerful vested 
interests. For example, the focus of the global economy 
on paid employment – and the devaluation of unpaid care 
work that sustains it – is an overlooked barrier to low-carbon 
lifestyles. Higher income tends to be correlated with higher 
emissions; by contrast, an alternative economic system that 
places caring responsibilities and well-being at the centre 
of community and economic life (for example, through a 
shorter working week and fairer distribution of care work) 
has the potential to reduce emissions. With enabling policies 
in place, such an approach could reduce emissions and 
gender and income inequality, while improving standards of 
living (Coote et al. 2010; Biesecker et al. 2014; Gottschlich 
and Bellina 2017; Wiedenhofer et al. 2018; Fremstad and 
Underwood 2019). On the other hand, an approach of 
this kind is poorly aligned with the current economic and 
political system in many parts of the world, in which large 
corporations are increasingly determining how private and 
social needs are met and shaping the conditions of everyday 
life (Dauvergne and Lister 2013). 

Changes to underlying social and cultural norms are more 
difficult to accomplish than transitory behavioural changes, 
but once established they are likely to be more durable and 
to support a wider range of low-carbon lifestyles (De Young 
2011). By contrast, the process of changing laws and written 
codes of behaviour and conduct can occur in only a few 
years (Williamson 1998), and large infrastructural projects 
can enable and disable choices of citizens for decades or 
longer (Seto et al. 2016; Otto et al. 2020b). 

One example that seeks to redress the balance of power 
towards long-term sustainable societies is an ombudsman 
for future generations (Beckman 2016) who intervenes 
in public policy design and investments that present 
structural barriers to a low-carbon transition. Such 
an approach has already been implemented in Wales, 
United Kingdom (Davidson 2020) and in Hungary (Vincent 
2012). From a cross-European study of demand-side 
options in line with 1.5°C pathways, Moberg et al. (2018) 
conclude that while current policies are insufficient to 
achieve emissions reduction in line with this, households 
are keen to see stronger government intervention, with high 
public acceptability of ‘command-and-control’ measures 
across mitigation options.

Ultimately, the accomplishment of low-carbon lifestyles will 
require deep-rooted changes to socioeconomic systems 
and cultural conventions. The participation of actors and 
groups across civil society, as well as government, is needed 
to ensure this happens in a way that preserves people’s 
well-being while achieving substantial and rapid cuts in 
GHG emissions.
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In 2009, the UN Environment 

Programme released the first 

Emissions Gap Report, an 

assessment of the global com-

munity’s plans for mitigating 

climate change. In the decade 

since, countries have made 

new rounds of commitments 

through the Paris Agreement. However, carbon emissions 

have remained exactly at the levels projected a decade 

ago, under the business-as-usual scenarios used in  

Emissions Gap Reports.

This calls for a sharpened, and long overdue, focus on fos-

sil fuels. The world’s energy supply remains dominated by 

coal, oil and gas, driving emission levels that are inconsis-

tent with climate goals. To that end, this report introduces 

the fossil fuel production gap, a new metric that clearly 

shows the gap between increasing fossil fuel production 

and the decline needed to limit global warming.

By bringing coal, oil, and gas outlooks in line with climate 

goals, governments can round out their climate plans and 

better position themselves to achieve emission reduc-

tions. This report helps start that conversation, with a set 

of tools for assessing and closing this important gap in 

climate policy.

The Stockholm Environment 

Institute is entering its 30th 

year of informing science-

based climate action. In that 

time, we’ve seen important 

strides to improve energy 

efficiency, deploy renewables, 

and price carbon. But in recent 

years, we’ve also helped sound the alarm about how those 

successes have not translated into lower global emissions. 

A key reason for this paradox is that major coal, oil, and 

gas projects have simultaneously continued to attract 

investment, receive public permits, or otherwise enjoy 

government support. This undercuts efforts, sometimes 

by these same governments, to reduce emissions.

There is a need to quantify, track, and address this dis-

connect. The fossil fuel production gap introduced in this 

report demonstrates clearly that governments’ collective 

plans and projections for future fossil fuel production are 

incompatible with a safe climate.

The good news is that a host of policy solutions are 

available. Some countries — as well as subnational 

governments, businesses, investors, and trade union and 

civil society organizations — are already beginning a just 

transition away from fossil fuel production. Others must 

now follow their lead.

Inger Andersen 

Executive Director 

United Nations Environment Programme

Måns Nilsson  

Executive Director 

Stockholm Environment Institute

Foreword
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Carbon entanglement
The process by which government 
dependence on fossil fuel extraction 
creates heavily vested interests in 
bringing fossil fuels to market that 
stand in the way of progress in climate 
policy (Gurría 2013).

Carbon lock-in
The tendency for certain carbon-inten-
sive technological systems to persist 
over time, ‘locking out’ lower-carbon 
alternatives, owing to a combination of 
linked technical, economic, and institu-
tional factors. These technologies may 
be costly to build, but relatively inexpen-
sive to operate (Erickson et al. 2015).

Emissions gap
The difference between the greenhouse 
gas (GHG) emission levels consistent 
with a specific probability of limiting the 
mean global temperature rise to below 
2°C or 1.5°C in 2100 above pre-indus-
trial levels and the GHG emission levels 
consistent with the global effect of the 
nationally determined contributions,  
assuming full implementation from 
2020 (UNEP 2018).  

Extraction-based emissions  
accounting
An accounting framework that attri-
butes GHG emissions from the burning 
of fossil fuels to the location of fuel 
extraction.

Fossil fuel production
A collective term used in this report to 
represent processes along the fossil 
fuel supply chain, which includes locat-
ing, extracting, and processing, and de-
livering coal, oil, and gas to consumers.

Green paradox
The phenomenon whereby fossil fuel 
producers may be incentivized to 
accelerate production in the near-term 
under the expectation of increasingly 
stringent demand-side policies (Hoel 
2013; Sinn 2012).

Greenhouse gases
Atmospheric gases that absorb and 
emit infrared radiation, trap heat,  
contribute to the greenhouse effect, 
and cause global warming. The prin-
cipal GHGs are carbon dioxide (CO2), 
methane (CH4) and nitrous oxide (N2O), 

as well as hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs) and sulphur 
hexafluoride (SF6). 

Integrated assessment models 
(IAMs)
Models that combine knowledge from 
multiple disciplines and are used to ex-
plore how social and economic factors 
and choices interact with the natural 
environment. 

Just transition
In the context of climate policy, this re-
fers to a shift to a low-carbon economy 
that ensures disruptions are minimised, 
and benefits maximised, for workers, 
communities and consumers who may 
be disproportionately affected (ITUC 
2017; UNFCCC 2016).

Long-term low GHG emission de-
velopment strategies (LEDS)
Under the Paris Agreement and its ac-
companying decision, all countries are 
invited to communicate LEDS, taking 
into account their common but differ-
entiated responsibilities and respective 
capabilities, in the light of different 
national circumstances, by 2020. 

Multilateral development bank 
(MDB)
An international financial institution 
chartered by multiple countries to sup-
port economic and social development 
in lower-income countries.

Nationally determined contribu-
tions (NDCs)
Submissions by Parties to the Paris 
Agreement that contain their stated 
ambitions to take climate change action 
towards achievement of the Agree-
ment’s long-term goal of limiting global 
temperature increase to well below 
2°C, while pursuing efforts to limit the 
increase to 1.5°C. Parties are requested 
to communicate new or updated NDCs 
by 2020 and every five years thereafter.

National fossil fuel production 
plans and projections
Fossil fuel production targets, plans, 
and projections drawn from national 
plans, strategy documents, and out-
looks published by governments and 
affiliated institutions. 

New Policies Scenario (NPS)
A widely-used scenario from the Inter-
national Energy Agency's 2018 World 
Energy Outlook that reflects countries’ 
climate policies and ambitions an-
nounced as of August 2018 towards the 
achievement of their NDCs. The NPS 
is nearly identical to the IEA’s estimate 
for full implementation of NDCs (as 
submitted in 2015) in terms of future 
global CO2 emissions from fossil fuels 
(IEA 2018a). 

Non-state and subnational actors
Regions, cities, investors, companies, 
civil society, individuals, and other ac-
tors, beyond national governments, that 
may play a role in taking climate action. 

Production gap
The discrepancy between countries' 
planned fossil fuel production and 
global production levels consistent with 
limiting warming to 1.5°C or 2°C.

Resource curse
Refers to the fact that many resource- 
rich countries do not fully benefit from 
their natural resource wealth, and may 
in fact experience worse development 
and economic growth outcomes than 
countries with fewer natural resources 
(Sachs and Warner 1995).

Stranded assets
Assets that suffer from unanticipated or 
premature write-offs, downward reval-
uations or are converted to liabilities, as 
the result of a low-carbon transition or 
other environment-related risks (Ansar 
et al. 2013). 

Subsidy
A financial benefit accorded to a 
specific interest (e.g. an individual, 
organization, company, or sector) by a 
government or public body.

Supply-side climate policy
Policies and measures aimed at reg-
ulating or managing the wind-down 
of, or transition away from, fossil fuel 
production.

Territorial emissions accounting
The standard accounting framework 
that attributes GHG emissions from the 
burning of fossil fuels to the entity or 
location where the fuels are burned.

Glossary
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Bcm Billion cubic meters

BECCS  Bioenergy with carbon capture and storage

CDR Carbon dioxide removal

CO2 Carbon dioxide 

COP Conference of the Parties to the UNFCCC

°C Degree Celsius

EJ Exajoule

ETS  Emissions Trading System

G20   Group of Twenty

GHG Greenhouse gas

Gt  Gigatonne (Billion tonnes)

IAM  Integrated assessment model

IEA International Energy Agency 

IPCC Intergovernmental Panel on Climate Change 

LEDS  Long-term low greenhouse gas emission development strategies 

Mb/d Million barrels per day

MMBtu Million British Thermal Units

Mt Million tonnes

NDC  Nationally determined contribution

NPS  New Policies Scenario

OECD  Organisation for Economic Co-operation and Development 

OPEC  Organization of the Petroleum Exporting Countries

PPCA Powering Past Coal Alliance

SDG Sustainable Development Goal

UNEP United Nations Environment Programme

UNFCCC UN Framework Convention on Climate Change

WTO World Trade Organization

Abbreviations 
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Executive Summary

Governments are planning to 
produce about 50% more fossil 
fuels by 2030 than would be 
consistent with a 2°C pathway 
and 120% more than would be 
consistent with a  
1.5°C pathway.

This global production gap is 
even larger than the already-
significant global emissions gap, 
due to minimal policy attention 
on curbing fossil  
fuel production.

The continued expansion of  
fossil fuel production — and the 
widening of the global production 
gap — is underpinned by a 
combination of ambitious 
national plans, government 
subsidies to producers, and  
other forms of public finance.

Several governments have 
already adopted policies to 
restrict fossil fuel production, 
providing momentum and 
important lessons for broader 
adoption.

International cooperation plays 
a central role in winding down 
fossil fuel production.

Key Findings
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Executive Summary
This report addresses the necessary winding down of the world’s production of fossil fuels in order 

to meet climate goals. Though coal, oil, and gas are the central drivers of climate change, they are 

rarely the subject of international climate policy and negotiations. This report aims to expand that 

discourse and provide a metric for assessing how far the world is from production levels that are 

consistent with global climate goals.

Specifically, this first Production Gap Report assesses the 

discrepancy between government plans for fossil fuel 

production and global production levels consistent with 

1.5°C and 2°C pathways. This production gap tells us the 

magnitude of the challenge. 

The report reviews, across 10 fossil-fuel-producing 

countries, the policies and actions that expand fossil fuel 

production and, in turn, widen the gap. It also provides 

policy options that can help countries better align produc-

tion with climate goals. This is especially relevant over the 

next year, as countries prepare new or updated nationally 

determined contributions (NDCs), which set out their new 

emission reduction plans and climate pledges under the 

Paris Agreement. 

Figure ES.1
The fossil fuel production gap  — the difference between national production plans and low-carbon pathways (1.5°C and 2°C),  

as expressed in fossil fuel carbon dioxide (CO2) emissions — widens between 2015 and 2040.
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The report’s main findings are as follows.

Governments are planning to produce about 50% more 

fossil fuels by 2030 than would be consistent with a 2°C 

pathway and 120% more than would be consistent with 

a 1.5°C pathway.

To estimate the production gap, this report puts forward 

a method analogous to that used in the Emissions Gap 

Report. It uses publicly available data to estimate the 

difference between what countries are planning and what 

would be consistent with 1.5°C and 2°C pathways, based 

on scenarios from the recent Intergovernmental Panel on 

Climate Change (IPCC) Special Report on Global Warming 

of 1.5°C.

This analysis shows that:

j In aggregate, countries’ planned fossil fuel production 

by 2030 will lead to the emission of 39 billion tonnes 

(gigatonnes) of carbon dioxide (GtCO2). That is 13 

GtCO2, or 53%, more than would be consistent with a 

2°C pathway, and 21 GtCO2 (120%) more than would be 

consistent with a 1.5°C pathway. This gap widens signifi-

cantly by 2040.

j This production gap is largest for coal. By 2030, coun-

tries plan to produce 150% (5.2 billion tonnes) more 

coal than would be consistent with a 2°C pathway, and 

280% (6.4 billion tonnes) more than would be consis-

tent with a 1.5°C pathway.

j Oil and gas are also on track to exceed carbon budgets, 

as countries continue to invest in fossil fuel infrastruc-

ture that “locks in” oil and gas use. The effects of this 

lock-in widen the production gap over time, until coun-

tries are producing 43% (36 million barrels per day) 

more oil and 47% (1,800 billion cubic meters) more gas 

by 2040 than would be consistent with a 2°C pathway.

This global production gap is even larger than the 

already-significant global emissions gap, due to minimal 

policy attention on curbing fossil fuel production.

Collectively, countries’ planned fossil fuel production not 

only exceeds 1.5°C and 2°C pathways, it also surpasses 

production levels consistent with the implementation of 

the national climate policies and ambitions in countries’ 

NDCs. As a consequence, the production gap is wider 

than the emissions gap.1

Indeed, though many governments plan to decrease their 

emissions, they are signalling the opposite when it comes 

to fossil fuel production, with plans and projections for 

expansion. This hinders the collective ability of countries 

to meet global climate goals, and it further widens not just 

the production gap, but the emissions gap as well.

1 Since the emissions gap is the difference between the implementation of NDCs and Paris Agreement goals, an exceedance of planned fossil fuel production above the level 
consistent with NDCs implies that the production gap is larger than the emissions gap, at least for CO2 emissions from fossil fuel combustion

Figure ES.2
The production gap is widest for coal but grows rapidly for oil and gas. By 2040 the production gap, in energy terms, is as large for oil as it 

is for coal. Physical units are displayed as secondary axes: billion tonnes per year for coal, million barrels per day for oil, and billion cubic 

meters per year for gas.
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The continued expansion of fossil fuel production — and 

the widening of the global production gap — is under-

pinned by a combination of ambitious national plans, 

government subsidies to producers, and other forms of 

public finance.

Governments support production in numerous ways. They 

not only play central roles in the permitting of exploration 

and production; they also support the fossil fuel industry 

through direct investments, research and development 

funding, tax expenditures, and assumed liability and 

risk. Fossil fuel subsidies span all stages of the fossil fuel 

production process, from research, development, and ex-

ploration, to operations, transport, processing, marketing, 

decommissioning, and site remediation.

This report reviews specific production plans, outlooks, 

and support mechanisms in 10 key countries: seven top 

fossil fuel producers (China, the United States, Russia, 

India, Australia, Indonesia, and Canada) and three signif-

icant producers with strongly stated climate ambitions 

(Germany, Norway, and the United Kingdom). It finds that: 

j The production of coal, oil, and gas in nearly every na-

tional plan or outlook exceeds the 2030 levels project-

ed in the International Energy Agency’s New Policies 

Scenario, a scenario roughly consistent with global 

implementation of the NDCs. 

j Many countries appear to be banking on export mar-

kets to justify major increases in production (e.g., the 

United States, Russia, and Canada) while others are 

seeking to limit or largely end imports through scaled-

up production (e.g., India and China). The net result 

could be significant over-investment, increasing the risk 

of stranded assets, workers, and communities, as well 

as locking in a higher emissions trajectory. 

Several governments have already adopted policies to 

restrict fossil fuel production, providing momentum and 

important lessons for broader adoption.

To help close the production gap, countries would  

benefit from new models of addressing fossil fuel supply. 

Though most countries focus exclusively on the “demand 

side” — with policies that aim to boost renewable energy, 

energy efficiency, and other low-carbon technologies — 

some governments have also begun to enact “supply-side” 

measures that aim to limit fossil fuel production. A range 

of policy options can help governments align their fossil 

fuel development plans and policies with climate goals, in-

cluding: economic instruments (such as subsidy reform); 

regulatory approaches (such as banning new extraction 

permits); government provision of goods and services 

(such as just transition plans); and measures to enhance 

information and transparency (such as national reporting 

of fossil fuel production and targets).

The governments of Belize, Costa Rica, France, Denmark, 

and New Zealand have all enacted partial or total bans or 

moratoria on oil and gas exploration and extraction, while 

Germany and Spain are phasing out coal extraction. Local 

governments, companies, investors, trade unions, and 

civil society organizations can also accelerate a transition 

away from fossil fuels, by mobilizing constituencies and 

shifting investment to lower-carbon options. For example, 

individuals and institutions have already pledged to divest 

over USD 11 trillion from fossil fuel holdings.

International cooperation plays a central role in winding 

down fossil fuel production. 

The UN climate process and other international institu-

tions and initiatives can help catalyse supply-side ambi-

tion and action. Measures to move away from fossil fuel 

production are more effective when countries adopt  

them together, and international cooperation can send  

a clear signal to policymakers, investors, consumers,  

and civil society that the world is shifting towards a 

low-carbon future.

The Paris Agreement provides key opportunities for  

countries to report their fossil fuel production and their 

plans and strategies to align future production with cli-

mate goals, including through the global stocktake, NDCs, 

long-term low greenhouse gas emission development 

strategies, and financing. Countries that have already 

begun to wind down fossil fuel production can help other 

countries learn from their experiences. International 

financing institutions can accelerate the transition by 

shifting financial support away from fossil fuel production 

and towards low-carbon solutions. And, drawing inspira-

tion from models such as the Powering Past Coal Alliance, 

coalitions of leading actors can work together to raise 

ambition through joint targets and actions that align future 

fossil fuel production with global climate goals.
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Introduction

This report puts forward a new 
metric called the fossil fuel 
production gap: the discrepancy 
between countries' planned 
fossil fuel production and 
the global production levels 
necessary to limit warming to 
1.5°C and 2°C.

Fossil fuels are, by far, the largest 
contributor to global climate 
change, accounting for over 
75% of global greenhouse gas 
emissions and nearly 90% of all 
carbon dioxide emissions.

Moving away from fossil fuel 
production poses both economic 
and political challenges, 
but doing so is possible and 
increasingly necessary to avoid 
dangerous climate change.

Countries that limit the 
production of coal, oil, and 
gas can avoid carbon lock-in, 
limit financial risks, improve 
the effectiveness of climate 
policies, and achieve sustainable 
development benefits.

Now is the moment to address 
the fossil fuel production gap, 
as countries submit new and 
updated nationally determined 
contributions, and long-term 
low greenhouse gas emission 
development strategies.

Key Messages

6     The Production Gap: 2019 Report
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But citizens, businesses, and political leaders are now 

starting to turn elsewhere for their energy needs. Ener-

gy from the wind and sun is becoming ever easier and 

cheaper to gather and store, providing the first real threat 

to fossil fuel dominance. This trend is emerging not a mo-

ment too soon, given the mounting climate change crisis, 

borne mostly from decades of burning fossil fuels.  

As fast as renewable and other climate-compatible energy 

technologies are rising, however, there is no guarantee 

that fossil fuels and their greenhouse gas (GHG) emissions 

will decline — let alone at the pace needed to avoid dan-

gerous climate change. The continued drive to increase 

fossil fuel production throughout the world only makes 

that harder.

This report is about how governments can work towards 

aligning fossil fuel production with the globally agreed cli-

mate goals of the Paris Agreement. It begins by posing the 

question: how far off track is the world’s current pace of 

fossil fuel extraction? It puts forward a new metric called 

the fossil fuel production gap: the discrepancy between, 

on the one hand, countries’ planned levels of fossil fuel 

production and, on the other hand, global levels of pro-

duction consistent with low-carbon pathways capable of 

limiting global warming to 1.5° or 2°C.

Measures of climate-related “gaps” are not new. The most 

well-known and analogous is the longstanding emissions 

gap, measured in an annual report by the United Nations 

Environment Programme. That gap — critical for global 

climate policy — is the gap between countries’ emission 

reduction pledges and the levels of emissions consistent 

with limiting global warming to 1.5°C or 2°C. In fact, the 

Emissions Gap Report provides the template for our work.

Like other gap reports, this report brings greater trans-

parency and awareness to a key issue — in this case, to 

countries’ fossil fuel development plans and policies. It 

also offers solutions that can help close the gap; in partic-

ular, it presents policies to support countries’ transitions 

away from dependence on coal, oil, and gas production, 

and new ways to work together internationally.

Developing more coherent, climate-consistent plans for 

fossil fuel production is a tall task. Many governments rely 

heavily on revenues generated by oil, gas, and coal. The 

interests of fossil fuel producers are powerful and difficult 

to align with greater climate ambition. Unless these chal-

lenges are addressed, however, it will be more difficult to 

make rapid climate progress.

No single document can provide a full roadmap for the 

winding down of fossil fuel production. This report offers 

a starting point. As the first Fossil Fuel Production Gap Re-

port, it widens the climate discourse to include fossil fuel 

supply and provides a resource for policymakers aiming 

to wind down coal, oil, and gas production in line with the 

Paris Agreement’s goals.

1. Introduction
The world is awash in fossil fuels. From the vast reservoirs of oil and gas in North America to the 

sweeping coal fields of Australia, there is no shortage of fossilized carbon to burn. Coal, oil, and gas 

have a long history of providing exceptionally concentrated, ready-made energy, often at low and 

subsidized prices that do not reflect their full societal and environmental costs; it is no wonder they 

have powered the planet for more than a century.  
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Fossil fuels: the heart of the climate challenge

In 2019, as climate impacts intensified, global fossil fuel 

combustion was at an all-time high. Coal, oil, and natural 

gas remain the world’s dominant sources of energy, 

accounting for 81% of total primary energy supply (IEA 

2019a). These fuels are, by far, the largest contributor to 

global climate change, accounting for over 75% of global 

GHG emissions — as shown in Figure 1.1 — and close to 

90% of all carbon dioxide (CO2 ) emissions.

Last year, the Intergovernmental Panel on Climate Change 

(IPCC) put new numbers to what has long been known: 

CO2 emissions from fossil fuels will need to decline 

rapidly, by approximately 6% per year to remain on a 

1.5°C-compatible pathway, and by roughly 2% per year to 

remain on a 2°C-compatible one (see Chapter 2). Barring 

dramatic, unexpected advances in carbon capture and 

storage (CCS) technology, these declines mean that 

most of the world’s proven fossil fuel reserves must be 

left unburned (Leaton 2011; McGlade and Ekins 2015; 

Meinshausen et al. 2009; Muttitt et al. 2016).

Ongoing expansion of fossil fuel infrastructure points in 

the opposite direction, however. Major infrastructure 

projects in coal, oil, and gas continue to attract investors, 

receive public permits, or otherwise enjoy government 

support. Energy analysts predict that investment in fossil 

fuel exploration, extraction, and delivery infrastructure 

could remain at about USD 1 trillion annually through 

2040 (IEA 2018a).

There are some positive signs of change. Civil society and 

many in the business and finance community have begun 

to consider what climate constraints mean for future fossil 

fuel production plans and investments (Carney 2016; 

TCFD 2016). And, as described in Chapter 5, some govern-

ments are beginning to reckon with this question as well.

Figure 1.1
Global greenhouse gas emissions by source, 2015. All emissions data were drawn from IEA (2019b) except for land use and land use 

change, which are from the Food and Agriculture Organization of the United Nations (FAOSTAT 2019). The fraction of emissions attributed 

to fossil fuels within each IEA source category — fuel combustion, fugitive, industrial processes and product use, and other — were 

estimated using data and information from the IEA (2019b) and the Emissions Database for Global Atmospheric Research v4.3.2 

(Janssens-Maenhout, G. et al. 2019). All non-CO2 gases were reported using 100-year Global Warming Potentials (GWPs) from the IPCC’s 

Fourth Assessment Report (IPCC 2007).
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Why focus on fossil fuel production?

For decades, efforts to reduce fossil fuel CO2 emissions 

have focused almost solely on decreasing demand for  

fossil fuels, through measures to improve energy 

efficiency, deploy renewable energy technologies, and 

shift markets through carbon pricing (see, for example, 

Grantham Research Institute and Sabin Center for  

Climate Change Law n.d.).

The focus on demand is important. One could even say 

that if policies and actions to reduce the use of fossil fuels 

were sufficiently ambitious and well-designed, it would  

be unnecessary to focus on supply. Indeed, strong,  

harmonized, and widespread carbon prices could, in  

principle, put fossil fuel CO2 emissions on a sufficiently 

steep downward path (Rogelj et al. 2018). But such  

policies and actions have not materialized (Rogelj et al. 

2016; UNEP 2018).

The continual shortfall in ambition of demand-side policy 

has led some policymakers to add supply-side measures 

to their climate policy mix (Erickson et al. 2018). These 

policymakers have realized that limiting production of 

coal, oil, and gas can bring countries several benefits, 

among them:

j  Avoiding carbon lock-in. The more fossil fuel infra-

structure that is built, the harder it is to shift away from 

fossil-based energy, for reasons both financial and 

political (Gurría 2013; Seto et al. 2016). Limiting fossil 

fuel production therefore has tangible emission reduc-

tion benefits by helping non-fossil alternatives compete 

(Erickson and Lazarus 2014).

j  Limiting financial risks. Investors in fossil fuel ex-

traction and processing expect certain returns on their 

expended capital, but a low-carbon transition could well 

lead to asset devaluation and “stranding”, even if assets 

are not physically retired (Carbon Tracker Initiative and 

Grantham Institute 2013). Making fewer investments 

in fossil fuel infrastructure in the first place limits these 

risks for investors, and for governments and communi-

ties that depend on associated royalty and tax revenue.

j  Improving effectiveness of climate action. Combining 

policies to limit fossil fuel supply with policies to limit 

demand reduces the overall cost of achieving emis-

sion reduction goals (Asheim et al. 2019; Green and 

Denniss 2018). For instance, Norway could halve the 

cost of achieving its 2020 emission reduction target by 

reducing investment and production in its oil fields and 

accounting for the global impact (Fæhn et al. 2017).

j  Achieving sustainable development benefits. Address-

ing fossil fuel supply can also bring a range of additional 

sustainable development benefits, such as: decreased 

air and water pollution and reduced habitat degrada-

tion (Harfoot et al., 2018); improved health outcomes 

for those in close proximity to fossil fuel development 

(Epstein et al., 2011, Epstein 2017); and greater economic 

and democratic stability as a result of diversification 

away from hydrocarbon revenues (Ross, 2013).

j  Promoting policy coherence. Policies to limit fossil fuel 

production can align energy policies with climate goals, 

sending a more coherent and consistent signal that a 

government intends to wind down dependence on both 

fossil fuel supply and use.

Reflecting such benefits, policies to constrain fossil fuel 

production have recently begun to gain ground. The gov-

ernments of Belize, Costa Rica, Denmark, France, and New 

Zealand, for instance, have set limits on the exploration 

and future extraction of oil and gas. Likewise, Spain has 

committed to phasing out coal production and Germany 

may soon follow, and several national and international 

finance institutions are ceasing to invest in upstream coal, 

oil, and gas.

Such actions demonstrate the feasibility of “supply-side” 

measures as part of a broader policy response and send 

an important signal about the overall direction towards a 

low-carbon economy. However, measures to limit produc-

tion continue to be underrepresented in many govern-

ments’ overall climate change portfolios. And important 

obstacles to the transition away from fossil fuels will need 

to be addressed. 
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Barriers exist — but also opportunities

Moving away from fossil fuel production poses both 

economic and political challenges. For some developing 

countries with newly discovered fossil fuel reserves, major 

investments in new production facilities are viewed as a 

way out of dependency on energy imports and develop-

ment assistance (Lahn and Bradley 2016). And in many 

long-standing producer countries, fiscal revenues can re-

main highly dependent on resource extraction; this is es-

pecially true for major exporters of oil and gas. For many 

members of the Organization of the Petroleum Exporting 

Countries (OPEC), for example, oil and gas payments 

represent well over half of all fiscal revenues (IEA 2018b). 

While some countries have made advances in diversifying 

their economies, this goal remains elusive for many others 

(Global Commission on the Geopolitics of Energy Trans-

formation 2019; Ross 2019; van der Ploeg 2016). 

Politically, fossil fuel producers represent a large and 

concentrated force, in contrast to the often dispersed 

proponents of low-carbon energy transitions (Lazarus 

and van Asselt 2018; Newell and Johnstone 2018; Victor 

2009). Fossil fuel interests can be closely aligned with 

governments, particularly when state-owned enterprises 

(SOEs) are involved and where royalty and tax revenues 

are significant. And the authority of political leaders may 

depend on delivering jobs and services financed by oil, 

gas, or coal revenues, while the loss of revenues can pose 

a risk to the state’s legitimacy (Cust and Mihalyi 2017; 

Global Commission on the Geopolitics of Energy Transfor-

mation 2019; Moerenhout et al. 2017).  

Despite the barriers, it is also increasingly necessary to 

forge new energy pathways — not only to avoid danger-

ous climate change, but also to address the increasing 

competition fossil fuels face from renewable energy, 

energy efficiency, and electrification (Global Commission 

on the Geopolitics of Energy Transformation 2019), as 

well as the downsides of overreliance on revenues from 

volatile energy commodities (Bjorvatn et al. 2012; Bradley 

et al. 2018; Cust and Mihalyi 2017). As the IEA recently 

noted in its Outlook for Producer Economies, “more than 

at any other point in recent history, fundamental changes 

to the development model in resource-rich countries look 

unavoidable” (IEA 2018b, p. 12).

Alternatives to high-carbon development are now more 

abundant. In two thirds of the world, wind or solar tech-

nologies are now the least expensive option for adding 

new power-generating capacity. Combined with battery 

storage, they are poised to outcompete even existing gas 

and coal in most of the world by 2030 (Bloomberg New 

Energy Finance 2019). More broadly, as emphasized by 

past Emissions Gap Reports, “technologies and institu-

tional innovations are available to bridge the emissions 

gap, and at reasonable cost”, while simultaneously pro-

viding many benefits for other important environmental, 

social, and economic goals (UNEP 2017, p. 9). 

The move to a low-carbon economy also comes with jobs. 

The International Labour Organization estimates that 24 

million jobs could be created through changes in energy 

production and use that limit warming to 2°C (ILO 2018). 

At the same time, six million jobs will be lost, including 

two million in the mining and extraction of fossil fuels (ILO 

2018). Careful and inclusive planning, as well as interna-

tional cooperation and support, will be key to ensure a 

transition away from fossil fuels that leaves no one behind 

(Chapters 5 and 6). 

Now is a timely moment to address the fossil fuel produc-

tion gap. Countries are in the process of submitting new 

or updated nationally determined contributions (NDCs) 

and long-term low greenhouse gas emission development 

strategies, which set out their emission reduction plans 

and climate pledges under the Paris Agreement. The UN 

Secretary-General’s Climate Action Summit in September 

has underscored the importance of increasing ambition 

and broadening the scope of action. And civil society’s 

calls for bold and decisive climate action are stronger than 

ever. Acknowledging and reckoning with the production 

gap can play a key role in bringing this vision within reach.
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The Production Gap

The world is on track to produce 
about 50% more fossil fuels by 
2030 than would be consistent 
with a 2°C pathway and 120% 
more than would be consistent 
with a 1.5°C pathway.

These planned levels of fossil 
fuel production are also 
inconsistent with the collective 
climate pledges under the Paris 
Agreement. As a consequence, 
the global production gap is 
even larger than the already-
significant global emissions gap.

This production gap is largest for 
coal. Countries plan to produce 
150% more coal by 2030 than 
would be consistent with a 2°C 
pathway, and 280% more than 
would be consistent with a 1.5°C 
pathway. 

Oil and gas are also on track to 
exceed carbon budgets, with 
the effects of lock-in increasing 
over time, until countries are 
producing between 40% and 
50% more oil and gas by 2040 
than would be consistent with a 
2°C pathway.
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Every year, the United Nations Environment Programme 

(UNEP) releases its Emissions Gap Report, which mea-

sures the gap between national plans and policies to 

reduce greenhouse gas (GHG) emissions, and the levels 

required to limit warming to below 1.5°C or 2°C. Those 

reports draw the world’s attention to the nature and scale 

of the efforts needed to close this gap. 

This chapter assesses the magnitude of the related fossil 

fuel production gap, which stymies climate ambitions by 

locking in fossil fuel infrastructure that will make emission 

reductions harder to achieve. This gap is the discrepancy 

between national plans and projections for fossil fuel  

production and global production levels consistent with  

1.5°C or 2°C pathways. 

National plans and projections for fossil fuel production 

have consequences. Governments set expectations 

for future production through policies, incentives, and 

regulations that create a supportive environment for new 

investments in the production of coal, oil, and gas. 

But when such government plans and projections do 

not align with climate ambitions, too much fossil fuel 

infrastructure — too many platforms, pipelines, ports, 

and mines — gets built. Once built, this infrastructure is 

difficult to turn away from; it decreases fossil fuel prices, 

hooks consumers on fossil fuels, and deeply entangles 

many parts of society — including workers and communi-

ties — in a fossil fuel economy. In short, overbuilding fossil 

fuel infrastructure makes a low-carbon transition less 

likely. And from another perspective, it renders a low-car-

bon transition even more disruptive to those dependent 

on fossil fuels. 

Many countries already publish national fossil fuel 

production plans and projections that are used to  

inform and guide policy and investment. However, few — 

if any — countries have indicated how those plans align 

with international climate goals or their own domestic 

climate ambitions, including those outlined in nationally 

determined contributions (NDCs). This report seeks to 

support countries with this alignment process, first by 

assessing the nature and size of the global production gap. 

2.1. Estimating the production gap

To estimate the production gap, we developed a  

method analogous to the one used in the Emissions Gap 

Report (UNEP 2018). In brief, our calculation uses publicly 

available data to estimate the difference between what 

countries are currently planning and what the Intergovern-

mental Panel on Climate Change (IPCC) estimates would 

be consistent with 1.5°C or 2°C pathways.

To develop the global “plans and projections” trajectory, 

we reviewed plans and projections of major fossil-fuel-

producing countries that currently account for around 

60% of global production (see Section 3.2 for a more 

in-depth description).

For the low-carbon trajectory, we used the least-cost 

mitigation scenarios compiled by the IPCC for their land-

mark Special Report on Global Warming of 1.5°C (Rogelj 

et al. 2018). For an indicative 1.5°C pathway, we took the 

median of scenarios that have at least a 66% probability 

of limiting global warming to 1.5°C throughout the 21st 

2. The Production Gap
Countries need to triple their emission reduction pledges to limit global warming to 2°C — and 

quintuple them to reach a 1.5°C goal (UNEP 2018). This emissions gap is well known. Less recog-

nized is the closely related gap between the level of planned fossil fuel production and the much-

lower level of production consistent with climate goals. This chapter assesses the magnitude of 

that fossil fuel production gap.
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century (with overshoot limited to <0.1°C). For the 2°C 

pathway, we took the median of scenarios that exceed the 

1.5°C limit but have at least a 66% probability of limiting 

global warming to below 2°C.2

Finally, we excluded scenarios that rely heavily on 

negative emissions or “carbon dioxide removal” (CDR) 

technologies to meet temperature limits, given their 

“multiple feasibility and sustainability constraints” (IPCC 

2018, p. 19, see Box 2.1). As described in further detail in 

Appendix A (available online), this scenario methodology 

closely follows the approach outlined in the 2018 Climate 

Action Tracker Warming Projections Global Update report 

(Climate Action Tracker et al. 2018) and leads to results 

similar to the scenario groupings used in the UNEP 2018 

Emissions Gap Report (UNEP 2018). 

Figure 2.1 presents the overall results, comparing global 

fossil fuel production under national plans and projections 

with those under the 1.5°C and 2°C mitigation pathways. 

It shows that the fossil fuel production gap is large: the 

world is currently on track to produce far more fossil fuels 

in 2030 than would be compatible with a 2°C pathway 

and, especially, with a 1.5°C pathway. Specifically, coun-

tries’ current plans and projections for fossil fuel pro-

duction would lead, in 2030, to the emission of 39 billion 

tonnes (gigatonnes) of carbon dioxide (GtCO2). That is 13 

GtCO2, or 53%, more than would be consistent with a 2°C 

pathway (with an interquartile range of 11–15 GtCO2). It is 

120% or 21 GtCO2 (with a range of 18–23 GtCO2) greater 

than fossil fuel production levels consistent with a 1.5°C 

pathway.

This gap grows even wider by 2040, when production 

levels reach 110% (22 GtCO2, with a range of 18–24) and 

210% (28 GtCO2, with a range of 27–31) higher than those 

consistent with the 2°C and 1.5°C pathways.3

A production gap of this magnitude implies a risk of sub-

stantial over-investment in fossil fuel exploration, develop-

ment, and infrastructure. Indeed, researchers have found 

that Paris Agreement goals imply major drops in planned 

and expected capital investment in fossil fuel production, 

including for oil and gas in the near term (Grant 2018; 

McCollum et al. 2018; Muttitt et al. 2016). 

Our analysis also suggests another important finding: 

with respect to fossil fuels, the production gap is even 

larger than the emissions gap.5 Collectively, countries 

are planning to increase production to levels that exceed 

those consistent with fulfilment of their NDCs, the metric 

typically used for measuring the emissions gap.6 This is ev-

ident in Figure 2.1, which shows the world on track to pro-

duce more fossil fuels (red line) than under a scenario that 

reflects countries’ NDC pledges (brown line, representing 

2 It is important to note that the Paris Agreement refers to holding warming “well below 2°C”, whereas we included pathways with as little as 66% probability of success. This 
1-in-3 chance of failing is not itself Paris-consistent, but defines an upper bound, which any outcome must be “well below”.

3 This report presents the production gap in terms of total CO2 emissions from all fuels (coal, oil, and gas) for comparability with other emissions-based analyses, and in energy 
and physical units for individual fuels for comparability with other common sources. Estimates of fossil fuel CO2 emissions from 2015-2040 were calculated using the methods 
described in online Appendix B.

4 Due to differences in historical data sets for fossil fuels and the fact that most Integrated Assessment Models (IAMs) report only at decadal intervals, values for 2015 do not 
match precisely.

5 The emissions gap covers all emissions sources and gases. Figure 2.1 shows only the portion of that gap (by far, the largest) that is attributable to CO2 emissions from fossil fuels. 

6 Since the emissions gap is the difference between implementation of NDCs and Paris Agreement goals, an exceedance of planned fossil fuel production above the level 
consistent with NDCs implies that the production gap is larger than the emissions gap, at least for CO2 emissions from fossil fuel combustion.  

Figure 2.1
Global fossil fuel supply under four pathways, 2015-2040. For the 

1.5°C and 2°C pathways, the median and 25th to 75th percentile 

range (shaded) are shown. See Chapter 3 and online Appendix B 

for discussion of how fossil fuel CO2 emissions are calculated 

from fossil fuel supply.4
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the New Policies Scenario (NPS) of the International Ener-

gy Agency’s 2018 World Energy Outlook) (IEA 2018).7

The production gap is denominated in CO2 emissions, as it 

provides a single metric to tally up the gap across coal, oil, 

and gas, and convey their primary impact on the global cli-

mate. At the same time, it is more common to think about 

the production of coal, oil, or gas in terms of physical units 

(e.g., tonnes of coal) or energy units (e.g., exajoules).

Breaking the production gap down by fuel, Figure 2.2 

compares national plans and projections for coal, oil, and 

gas production, in both primary energy and physical units, 

with production levels under the 1.5°C and 2°C pathways. 

All three fossil fuels are on a path to be produced well in 

excess of Paris-compatible levels.

The production gap is greatest for coal, despite efforts 

in some countries in recent years to move away from it. 

Countries are on track to produce 150% — or 5.2 billion 

tonnes (with a range of 3.8–6.3 billion tonnes) — more 

in 2030 than would be consistent with the median 2°C 

pathway. Oil and gas production are also set to overshoot 

this pathway. Countries are on track to produce 16% more 

oil — or 15 million barrels per day (with a range of 3–24 

million barrels) — more than the median 2°C pathway; for 

gas, that overshoot is 14%, or 590 billion cubic meters in 

total (with a range of 470–1,200 bcm). 

The gaps in 2030 are much larger relative to the median 

1.5°C pathway: coal production exceeds this pathway 

by 280% or 6.4 billion tonnes (with a range 6.1–7.1 billion 

tonnes); oil exceeds it by 59% or 42 million barrels per day 

(with a range of 28–58 million barrels); and gas exceeds 

it by 70% or 2,000 billion cubic meters ( with a range of 

1,300–2,500 bcm).8

Though near-term production gaps for oil and gas are less 

pronounced than for coal, ongoing investments in oil and 

gas infrastructure widen the production gap over time. 

These gaps thus grow far bigger by 2040. Countries are 

planning to produce 43% more oil and 47% more gas than 

would be consistent with a 2°C pathway by 2040.

Figure 2.2
Global coal, oil, and gas production (exajoule or EJ) under four pathways, 2015-2040. Physical units are displayed as secondary axes: 

billion tonnes per year for coal, million barrels per day for oil, and billion cubic meters per year for gas. The 2015 global fossil fuel 

production values derived from model ensembles of 1.5°C and 2°C mitigation pathways differ from historical estimates from IEA and 

national plans and projections and have not been harmonized.

7 The NPS reflects countries’ climate policies and ambitions announced as of August 2018 to ensure the achievement of their NDCs. It thus provides a proxy for the level of total 
fossil fuel production implied by a scenario in which nations meet the emission reduction goals corresponding to their unconditional NDCs. As shown in Figure 2.11 of the 2018 
World Energy Outlook, the New Policies Scenario is nearly identical to IEA’s estimate for full implementation of NDCs (as submitted in 2015) for future global CO2 emissions from 
fossil fuels. Climate Action Tracker models an NDC-only pathway, but results are not available for fossil fuel CO2 (https://climateactiontracker.org/).

8 In terms of extraction-based emissions, these values translate to gaps of 11 GtCO2 for coal, 1 GtCO2 for oil, and 1 GtCO2 for gas, relative to the median 2°C pathway by 2030. 
Relative to the median 1.5°C pathway, the values translate to 13 GtCO2 for coal, 4 GtCO2 for oil, and 3 GtCO2 for gas.
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Box 2.1. The potential role of negative emissions technologies 

Carbon dioxide removal (CDR) refers to various 

approaches to reducing atmospheric concentrations 

of carbon dioxide by removing it from the air. In ad-

dition to land-use changes such as afforestation, re-

forestation, and ecological restoration, technological 

methods currently under investigation include using 

bioenergy with carbon capture and storage (BECCS) 

and direct air capture (DAC).

Using CDR can make it possible to exceed the car-

bon budget in the near-term and make up for it by 

later removing CO2 from the atmosphere. It can allow 

for a slower and more orderly winding down of fossil 

fuel production, while taking pressure off sectors, 

such as aviation, where mitigation is particularly 

costly or otherwise challenging (Creutzig et al. 2015).

Reflecting these potential benefits, Integrated As-

sessment Models (IAMs) have introduced CDR tech-

nologies as mitigation options, along with assump-

tions about future cost competitiveness. Practically 

all IAMs rely heavily upon carbon dioxide removal to 

achieve net negative CO2 emissions in the second 

half of the century (van Vuuren et al. 2017).

Nonetheless, the IPCC Special Report on Global 

Warming of 1.5°C underscores that “CDR deployed at 

scale is unproven, and reliance on such technology 

is a major risk in the ability to limit warming to 1.5°C” 

owing to “multiple feasibility and sustainability con-

cerns” (Rogelj et al. 2018, p. 96). Risks include:

j Negative emission options may not ultimately 

prove technically or biophysically achievable or 

affordable. Scenarios rely most heavily on BECCS 

for power plants, which has not yet been demon-

strated (Fuss et al. 2018; van Vuuren et al. 2013). 

j The large-scale deployment of CDR may involve 

unacceptable ecological and social impacts. CDR 

could, for example, compete with food production 

or habitat areas for available land, with the poten-

tial for adverse impacts on biodiversity, food secu-

rity, water resources, and human rights (Dooley et 

al. 2018). BECCS is inherently land-intensive: IAM 

scenarios assembled for the IPCC Fifth Assess-

ment Report assumed that between 245 million 

hectares and about 1.5 billion hectares of agricul-

tural land would be dedicated to bioenergy crops, 

compared to the approximately 1.5 billion hectares 

currently devoted to agriculture (Popp et al. 2017).

j Negative emissions activities could prove less 

effective than hoped. Land-based carbon stocks 

are vulnerable to release through human action or 

natural forces. And as noted in the Special Report, 

“carbon cycle and climate system understanding is 

still limited about the effectiveness of net negative 

emissions to reduce temperatures after they peak” 

(IPCC 2018, p. 19).

If CDR proves feasible and sustainable at large scale, 

then it could prove an important tool for limiting 

climate change. Scenarios that use CDR have been 

included here, but none that exceed the upper end of 

the range of estimates by Fuss et al. (2018) (as cited 

in the IPCC 1.5°C Special Report) for sustainable 

global potentials for BECCS (5 GtCO2/year) and af-

forestation and reforestation (3.6 GtCO2/year). That 

said, it is a relatively modest constraint, as even such 

limits are subject to “a heavy caveat of uncertainty” 

and hence do pose significant risks (Fuss et al. 2018).
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Gas occupies a unique situation. It is the least carbon-in-

tensive fossil fuel, and so as illustrated in Figure 2.2, IPCC 

scenarios show its production declining less rapidly than 

that of other fuels. But it must still decline, whether that 

downward path starts soon (under a 1.5°C pathway) or 

around 2030 (under a 2°C pathway). Looking a decade 

out or less, the production gap for gas is already sub-

stantial. With average lifetimes of 20 years or longer for 

pipelines, terminals, wells, and platforms, the time to 

begin planning for a wind-down of gas production is, as 

with other fossil fuels, already upon us. As shown in Figure 

2.2, the gaps between planned oil and gas production 

and 1.5°C and 2°C pathways grow much wider starting 

in 2030. It has been argued that increased reliance on 

natural gas may lead to climate benefits and serve as a 

bridge fuel to a low-carbon energy system consistent with 

climate goals. As discussed in Box 2.2, it is unclear to what 

extent such a bridge still exists.

Regardless of the particular distribution of decline rates 

among fossil fuels — which vary considerably depend-

ing on modelling assumptions9 — the overall modelling 

results indicate that the production of coal, oil, and gas 

will need to decline substantially compared to existing 

government plans in the near- to medium-term to meet 

the climate goals of the Paris Agreement.

2.2. Implications

Drawing on a review of coal, oil, and gas extraction poli-

cies and plans in key producing countries (Chapter 3), we 

find that planned production greatly exceeds global 1.5°C 

and 2°C mitigation pathways. In aggregate, countries’ 

plans and projections also significantly surpass produc-

tion levels that are consistent with their climate ambi-

tions, as represented in NDCs and related policies (and 

modelled in the IEA NPS) — and which are themselves 

inadequate to meet the goals of the Paris Agreement.

In other words, with respect to fossil fuels, the global 

production gap is even larger than the already significant 

global emissions gap. This is a consequence of the mini-

mal policy attention governments have thus far given to 

curbing fossil fuel production. Indeed, many governments 

and businesses continue to signal their intentions to 

expand or maximize the exploration and development of 

new resources, which further hinders the collective ability 

of countries to stabilize the climate system, including 

closing the emissions gap.  

Estimating and tracking the production gap serves as an 

important tool in directing attention to the inadequate ef-

fort at transitioning away from fossil fuels. It complements 

other approaches that have defined the limits to overall 

fossil fuel production (Leaton 2011; McGlade and Ekins 

2015; Muttitt et al. 2016) and assessed whether individ-

ual investments are inconsistent with Paris goals (Grant 

2018; TCFD 2016). As such, the production gap provides 

a reference point for the international community and 

government decision makers, highlighting the disconnect 

between climate policies and support for increased fossil 

fuel production. As discussed in subsequent chapters, 

countries can take concrete steps to connect the dots 

between fossil fuel production and emissions by reporting 

their levels of production and communicating their plans 

to align future production with climate goals.

Scaling down fossil fuel production provides countries 

with many potential benefits, including: supporting global 

action to achieve climate goals; reducing the risk of 

stranding assets and communities; reducing the potential 

for the “resource curse” (the tendency of resource-rich 

developing countries to have lower economic perfor-

mance) (Venables 2016); and decreasing other adverse 

social, environmental, and economic impacts. However, as 

noted in Chapter 1, there are also major challenges. Policy-

makers can anticipate political opposition from powerful 

interests when taking action to constrain fossil fuel pro-

duction. They will also need to pay careful attention to the 

distributional impacts of scaling down production, and to 

ensuring that transitions are just and equitable. 

But these challenges are not insurmountable. Though the 

production gap is wide, the opportunities to narrow it are 

abundant. As described in Chapters 5 and 6, a growing 

body of literature and experience shows that national and 

subnational governments can use a number of policies 

and tools to help them align their fossil fuel supply and 

investment strategies with Paris Agreement goals.

9 Various uncertainties apply here. The carbon budget could end up being larger or smaller than is assumed in the underlying model. Progress on non-CO2 gases and land-use 
change could be quicker or slower than planned, leaving, respectively, more or less room for fossil carbon. The world could conceivably end up developing and effectively 
deploying negative emissions technologies at scales greater or smaller than the levels considered here. Additional uncertainties apply to disaggregating the production gap 
estimate among individual fuels. A low-carbon pathway need not be attained using the specific mix of reductions in coal, oil, and gas implied by underlying model analyses. One 
model may opt for a slower phase-out of coal, for example, implying a faster phase-out of oil and/or gas.  

The global production gap is even  

larger than the already significant  

global emissions gap. 
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Box 2.2 Gas as transition fuel?

Over the past decade, some researchers — and 

many industry representatives — have suggested 

that natural gas could serve a valuable role as a “tran-

sition fuel.” They argue that gas could replace more 

carbon-intensive coal and oil while lower-carbon 

technologies mature, and could help integrate more 

variable renewables into existing systems (IEA 2011; 

Levi 2013). Accordingly, some have seen natural gas 

as a potential “bridge” to a lower-carbon future.10 

However, more recent studies have increasing-

ly questioned the extent to which gas can play a 

bridging role. Research has found that increasing 

natural gas production and the resulting decrease 

in gas prices may instead lead to a net increase in 

global emissions and risk delaying the introduction of 

near-zero-emission energy systems (McGlade et al. 

2018; Zhang et al. 2016). This is due to three principal 

factors. First, recent studies find that rates of meth-

ane leakage from natural gas systems are significant-

ly higher than often estimated in inventories (Alvarez 

et al. 2018; Brandt et al. 2014; Höglund-Isaksson 

2017; Schwietzke et al. 2016). For example, Alvarez 

et al. (2018) find overall methane leakage rates of 

2.3% across the United States gas supply chain, 60% 

greater than official estimates and comparable in 

warming impact to the CO2 emissions from gas com-

bustion over a 20-year time horizon. Second, lower 

prices and greater availability of natural gas stimulate 

higher overall energy use and emissions (Chen et al. 

2019; McJeon et al. 2014). Finally, the rapid advance 

of renewable energy and battery technologies has 

decreased the need for a potential gas bridge. Thus, 

the continued rapid expansion of gas supplies and 

systems risks locking in a much higher gas trajectory 

than is consistent with a 1.5°C or 2°C future. Howev-

er, national plans and projections — and the current 

boom in liquefied natural gas (LNG) infrastructure 

(Nace et al. 2019) — indicate that countries are on 

track for this kind of rapid expansion.

10 See McGlade et al. (2018) for a fuller discussion of the bridging roles that gas could play.
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Government support, 
planning, and  
projections

Over-investment in production 
puts assets, workers, and 
communities at risk of stranding 
if efforts to reduce fossil fuel 
dependence accelerate. 

Governments continue to 
support increased fossil fuel 
production through plans and 
targets, direct investment, 
R&D funding, public finance, 
tax expenditures and other 
subsidies.

Collectively, countries are aiming 
to produce considerably more 
coal, oil, and gas than would 
be consistent with their NDCs, 
suggesting a major disconnect 
between energy and climate 
plans.

Specifically, national projections 
suggest that countries are 
planning on 17% more coal, 
10% more oil, and 5% more gas 
production by 2030 than would 
be needed under a scenario 
roughly consistent with NDC 
implementation. 

Key Messages
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Twenty-seven countries produce the coal, oil, and gas that 

ultimately lead to 90% of global fossil fuel CO2 emissions 

as shown in Figure 3.1. The top nine producing countries 

alone account for over two-thirds of global fossil fuel CO2 

emissions, when accounted from an extraction-based 

perspective (See Box 3.1 and online Appendix B).

We review specific examples of support mechanisms 

from 10 key countries: seven of the top nine producing 

countries (China, United States, Russia, India, Australia, 

Indonesia, and Canada), and three significant producers 

with strongly stated climate ambitions (Germany, Norway, 

and the United Kingdom). These reviews show how na-

tional plans and projections of fossil fuel production steer 

expectations, policy, investment, and ultimately infrastruc-

ture toward global production levels that significantly 

exceed what would be consistent with the achievement of 

nationally determined contributions (NDCs) — let alone 

what would be compatible with Paris Agreement goals to 

keep warming well below 2°C and pursue efforts to limit 

it to 1.5°C.

Government efforts to maximize extraction can be 

understood in light of the perceived benefits of coal, oil, 

and gas production. As noted in Chapter 1, for many fossil-

fuel-producing countries, proceeds related to production 

account for a sizeable fraction of government revenues. 

Meanwhile, importing countries aim to ramp up domestic 

production to improve their “balance of payments”, 

with the goal of importing less. Countries also associate 

production with increased energy security and access, 

and perceived geopolitical advantages. Incumbent and 

powerful fossil fuel interests also play an important role, 

applying pressure for more extraction through lobbying 

and influence.

But promoting increased production comes with real 

and serious risks. As Angel Gurría, Secretary-General of 

the Organisation for Economic Co-operation and Devel-

opment (OECD), has noted, government dependence 

on fossil fuel extraction creates “carbon entanglement”, 

whereby heavily vested fossil fuel interests stand in the 

way of progress in climate policy (Gurría 2013). Govern-

ment support for fossil fuel production threatens climate 

objectives by artificially lowering the price of fossil fuels, 

thereby increasing global consumption and emissions. 

In the longer-term, dependence on future production 

and revenues can put economies and livelihoods at risk 

of stranding as stronger climate action leads to reduced 

demand for coal, oil, and gas. Therefore, it is critical that 

major coal-, oil-, and gas-producing countries pay greater 

attention to aligning their fossil fuel production plans and 

policies with what is required for a low-carbon future.

3. Government support, planning, and projections
Despite their stated climate ambitions, many governments continue to widen the gap between 

fossil fuel production and climate goals. Governments support production in numerous ways. 

They play central roles in the sanctioning and permitting of exploration and production. They 

support the fossil fuel industry with direct investments, research and development funding, and 

tax breaks. They often assume liability and risk associated with fossil fuel production, especially 

where they are direct investors in state-owned enterprises (SOEs). This chapter summarizes 

these and other ways in which governments worldwide support fossil fuel production.
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3.1. Government support mechanisms for  
fossil fuel production

Fossil fuel supply does not merely respond to consumer 

demand. Governments support and guide production 

in various ways. Such support is often justified on the 

premise that it will enhance energy security and econom-

ic development. But it also serves to lock in dependence 

on fossil fuels and lock out lower-carbon pathways that 

could provide equal or greater economic and security 

benefits, as well as environmental and social benefits. 

This section provides an overview of how governments 

worldwide — through planning, policies, and the provi-

sion of finance — support the production of fossil fuels.

Plans, targets, and projections
Many countries issue fossil fuel production targets, plans, 

and projections that drive policy and investment in the 

exploration, extraction, and development of related infra-

structure. These can signal government intentions to ramp 

up production, as evident among countries surveyed in 

Chapter 4. For example, Russia drafted an energy strategy 

that forecasts a 38% growth in natural gas production 

from 2015 to 2035 under an “optimistic” scenario (20% in 

a “conservative” scenario) (Ministry of Energy of the Rus-

sian Federation 2017), and India released a Draft Energy 

Plan that aims for a roughly three-fold increase in coal 

production by 2040 (NITI Aayog 2017). Countries beyond 

those surveyed in this report provide other examples: Ar-

gentina’s 2018 Annual Energy Plan signalled the country’s 

objective to double oil and gas production in the next five 

years and triple it by 2030 (Secretaría de Gobierno de 

Energía 2018), while Nigeria and Iraq recently announced 

targets that seek to roughly double their oil production 

within five to six years (Katsoulas 2019; Wallace and Ba-

la-Gbogbo 2019).

Even where countries do not issue explicit plans, govern-

ment projections serve as reference points that inform 

political, investment, and business decision-making. Pub-

lished energy outlooks in the United States, Canada, and 

Australia, as described in Chapter 4, project large increas-

es in fossil fuel production: between now and 2030, the 

United States’ oil and gas production are each projected 

to increase by 30%, Canada’s oil production is projected 

to increase by 30%, and Australia’s coal production is 

projected to increase by 34%.

Figure 3.1
Top countries in terms of extraction-based CO2 emissions (million tonnes CO2, MtCO2), 2017. The top 9 producers account for 69%, and 

the top 27 producers shown here account for 90%, of the global total. Countries with emissions below 200 MtCO2 are not shown. 

Countries indicated in bold* are discussed further in Chapter 4. See online Appendix B for sources and methods.
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This finding is not necessarily surprising; many countries, 

especially (but not exclusively) those with state-owned 

energy enterprises, view energy production as part of 

their national identity and as an engine for economic 

development — and their plans and actions reflect these 

aspirations (Eckersley 2016). However, as Chapter 2 

shows, these aspirations clash with the climate goals of 

the Paris Agreement.

Subsidies
In addition to planning and target-setting, governments 

support fossil fuels through direct budgetary transfers, 

tax expenditures, and other subsidies. In 2009, Group of 

Twenty (G20) leaders made a commitment to “phase out 

and rationalize, over the medium term, inefficient fossil 

fuel subsidies” (G20 2009). Ten years later — despite 

some reforms — many governments have kept most of 

their fossil fuel production subsidies, and some have  

even introduced new ones (Gerasimchuk et al. 2018; 

OECD 2018).

Fossil fuel subsidies span all stages of the fossil fuel 

production process, from research, development, and ex-

ploration, to operations, transport, processing, marketing, 

decommissioning, and site remediation (Aldy 2013; Bast et 

al. 2015; Koplow et al. 2010; OECD 2013). Many fossil fuel 

projects, such as large coal mines or oil pipelines, receive 

government support through several channels, including 

direct budgetary transfers, tax breaks, public finance, and 

government ownership (including on conditions better 

than the market) (Gençsü et al. 2019). Some governments 

support fossil fuel production by providing the industry 

with infrastructure — such as land, water, roads, rail, 

and ports —  as well as low-cost or free exploration and 

production licenses, non-enforcement or exemption from 

various regulations, and limited corporate liability for envi-

ronmental and health damage (Koplow et al. 2010).

Almost all forms of government support to fossil fuel 

production fall under the World Trade Organization’s 

definition of a subsidy (ASCM Article 1.1); most of these 

Box 3.1 Extraction-based emissions accounting

The UN climate change process currently uses a 

“territorial” emissions accounting framework for 

national greenhouse gas emissions inventories. This 

framework attributes emissions from fossil fuel com-

bustion to the country where the fuels are combust-

ed; it also includes the “fugitive” greenhouse gases 

(GHGs) that are released, vented, flared, or leaked as 

coal, oil, and gas are located, extracted, processed, 

and transported. This approach tracks the consump-

tion of fossil fuels as well as “upstream” emissions, 

and provides a way to track the impact of efforts 

to reduce emissions. However, it fails to provide a 

framework to track the production of fossil fuels. 

As a result, efforts to wind down production are not 

currently reflected in national accounts.

A complementary “extraction-based” accounting 

approach would enable countries to track the 

“downstream” emissions that ultimately result 

from the combustion of extracted fuels, helping to 

ensure that sufficient fossil fuel reserves are left 

undeveloped as required by the Paris Agreement’s 

1.5°C and 2°C goals (for examples of alternative 

emissions accounting frameworks, see Davis et al. 

2011; Erickson and Lazarus 2013; Steininger et al. 

2016; Piggot et al. 2018).

Extraction-based emissions accounting effectively 

reallocates emissions from the location of fuel com-

bustion to the location of fuel extraction. Under the 

United Nations Framework Convention on Climate 

Change (UNFCCC), countries follow standardized 

guidelines — developed by the Intergovernmental 

Panel on Climate Change (IPCC) (IPCC 2006) — 

to report inventories of territorial emissions from 

fuel combustion and of fugitive emissions from 

fuel extraction. As shown in Appendix B (available 

online), these inventories could be easily expanded, 

using readily available data, to incorporate ex-

traction-based emissions estimates. As discussed in 

Chapter 6, countries can already voluntarily report 

their extraction-based emissions — and on their 

progress towards reducing these emissions — under 

the UN climate change process’ existing modalities. 

Such efforts would represent an important step in 

enhancing transparency, and assist in tracking and 

managing the alignment of production with emis-

sions targets and climate goals.
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subsidies confer benefits to a specific industry or group 

of industries (ASCM Article 2) — in this case typically 

fossil fuel producers — and can therefore be challenged 

by WTO Members (WTO 2019). Differing methodologies 

and a lack of data transparency have led to different 

estimates of the size of fossil fuel subsidies, but the overall 

amounts are clearly large. The OECD and International 

Energy Agency (IEA) estimate subsidies going to fossil fuel 

production at USD 24 billion in 2017 (OECD/IEA 2019). 

However, other estimates put fossil fuel production subsi-

dies much higher. For example, across the G20 countries, 

one study estimated that direct budgetary transfers and 

tax expenditures in favour of fossil fuel production totalled 

over USD 70 billion per year in 2013 and 2014 (Bast et al. 

2015).

Government support reduces the capital and operational 

costs of extraction to fossil fuel producers, thus unlock-

ing projects that would otherwise not be commercially 

viable. For instance, one study found that, at USD 50 per 

barrel, 45% of discovered (but not yet producing) U.S. oil 

would depend on subsidies to reach the minimum returns 

acceptable to investors (Erickson et al. 2017). Moreover, 

by increasing the quantity and pace of fossil fuels supplied 

to regional or global markets, government support to 

production drives down coal, oil, and gas prices, thus 

encouraging their consumption. One study estimated that 

a continuation of existing fossil fuel production subsi-

dies globally between 2017 and 2050 would lead to CO2 

emissions equivalent to those resulting from the burning 

of all proven oil reserves in the United States and Norway 

(Gerasimchuk et al. 2017).

Other forms of public finance
Article 2.1(c) of the Paris Agreement calls for “making 

finance flows consistent with a pathway towards low 

greenhouse gas emissions and climate-resilient develop-

ment”. However, in addition to the subsidies discussed 

above, many governments provide financing for fossil fuel 

production through the public finance institutions which 

they own and operate or in which they invest and govern 

multilaterally. These include development finance institu-

tions (such as national, bilateral, and multilateral develop-

ment banks) and export credit agencies.

These institutions provide domestic and international 

finance in the form of grants, loans, equity, insurance, and 

guarantees, often at a subsidized, below-market value. 

These investments are often backed by governments 

through direct investment using public funds. Even when 

governments do not deploy public funds, the high credit 

ratings of publicly owned financial institutions, and their 

willingness to invest in the sectors linked to government 

objectives, can reduce the risk to parallel private investors 

and drive private investment in fossil fuel production that 

would not otherwise occur (Bast et al. 2015).

According to one recent report, “brown” public finance 

flows (i.e. to upstream and downstream fossil fuel 

projects) continue to overshadow “green” flows (i.e. to 
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renewable energy); brown finance provided by the public 

finance institutions of G20 countries alone amounted to 

USD 91 billion per year during the period 2013–2015 (Cli-

mate Transparency 2018). Preliminary estimates suggest 

that public finance to coal, oil, and gas exploration and 

extraction is increasing, rising from USD 16 billion in 2015 

to USD 23 billion in 2017.11 These estimates do not account 

for financing provided by multilateral development banks, 

where G20 countries are major shareholders.

State-owned enterprises
Many countries also support fossil fuel production 

through their state-owned enterprises (SOEs). With major-

ity ownership, governments maintain a degree of effective 

control and involvement in decision-making and financing, 

often on subsidized conditions that are more favourable 

than market terms. For example, as owners of SOEs, gov-

ernments may expect lower rates of return on equity and 

investment than private investors, and may be more will-

ing to bail out poorly performing SOEs than would private 

owners; the assumption of such bailouts lowers the risk 

for private sector investors. While this varies by country 

and institution, the impact is nonetheless significant. 

The IEA (2018) estimates that SOEs accounted for 42% 

of global energy investment in 2017. One study found that 

SOEs in the G20 countries annually invested an average of 

USD 286 billion in oil, gas, and coal production (including 

fossil-fuel-based power) in 2013 and 2014 (Bast et al. 2015). 

However, SOEs can also serve as a vehicle for managing 

extraction levels to serve wider policy goals, which could 

potentially include climate aims. This was demonstrated in 

China, where the government managed coal “decapacity” 

through the closure of smaller mines, industry consolida-

tion, and a fund for worker transition (Bridle et al. 2017).

3.2. Synthesis of fossil fuel production plans  
and projections from major producers

This section presents a synthesis of the fossil fuel pro-

duction plans and projections of countries reviewed in 

Chapter 4 (China, United States, Russia, India, Australia, 

Indonesia, Canada, Germany, Norway, and the United 

Kingdom), as well as those of several other top producers 

where documentation is publicly available (Brazil, Argen-

tina, Mexico, and Kazakhstan). The values are drawn from 

Coal (million tonnes coal equivalent/yr) Oil (million barrels/day) Gas (billion cubic meters/yr)

Plans & projections NPS Plans & projections NPS Plans & projections NPS

China* 2700 2600 4.1 3.2 300 260

USA* 450 400 22.0 18.0 1100 1000

Russia* 350 310 11.0 11.0 790 770

India* 1100 710 1.1 0.9 76 58

Indonesia* 360 310 – – 76 82

Australia* 570 430 – – 160 180

Canada* – – 6.2 5.7 180 170

Norway* – – 1.8 2.2 100 110

Brazil – – 5.6 4.3 49 39

Argentina – – 1.5 0.7 150 77

Mexico – – 3.2 2.4 63 38

Kazakhstan – – 2.4 2.4 – –

Table 3.1
Comparison of projected fossil fuel production in 2030 under national plans and projections versus IEA’s New Policies Scenario in 2030, a 

widely used marker of how fossil fuel markets are expected to develop under policies and ambitions aimed at ensuring NDC achievement. 

Countries indicated in bold* are used to derive the global trajectory of national plans and projections shown in Figure 3.2. A dash (-) means 

that the country’s production of that fuel is small and so is not reviewed here. See Appendix A for data sources.

11 Based on data from Oil Change International’s Shift the Subsidies Database under a Creative Commons Attribution-NonCommercial 4.0 International License.
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national plans, strategy documents, or projections pub-

lished by governments and affiliated institutions.

As detailed in Chapter 2, these production plans and pro-

jections signal a level of global fossil fuel production that 

far exceeds the Paris goals. Moreover, as shown in Table 

3.1, nearly every national plan reviewed aims for produc-

tion levels beyond those that would meet the global fossil 

fuel demand implied by the NDCs — which themselves 

represent a level of ambition far short of the Paris goals. 

In order to estimate the global production gap discussed 

in Chapter 2, we first derived an aggregate trajectory of 

global fossil fuel production between 2015 and 2040 using 

the national projections of the eight largest producer coun-

tries reviewed in this report (China, United States, Russia, 

India, Australia, Indonesia, Canada, and Norway). Together, 

these countries accounted for around 60% of global fossil 

fuel production in 2017, both in terms of energy and ex-

traction-based CO2 emissions.12 Next, for other countries, 

production is projected assuming the same proportional 

share of global production for each fuel as in the NPS; 

this helps to account for the fact that some regions are 

expected to enter natural declines in production, while 

others ramp up — due to, for example, new discoveries 

and development.

The IEA NPS, which is roughly consistent with the NDCs 

countries have submitted to date, would lead to global 

warming of around 2.7–3°C by 2100 (Abeysinghe et al. 

2019), illustrating that existing policies and targets are 

insufficient to meet the Paris Agreement goals. As shown 

in Figure 3.2, fossil fuel CO2 emissions — estimated using 

global fossil fuel production plans and projections — 

would lead to emission levels that exceed the IEA NPS 

by 12% in 2030; this is not only far in excess of levels 

consistent with 2°C and 1.5°C mitigation pathways, but 

exceeds even the 2.7–3°C level associated with the NPS. 

Taken together, the national coal, oil, and gas production 

plans and projections for the eight countries we analysed 

exceed their respective projections under the IEA NPS by 

17%, 10%, and 5% in 2030 (not shown).

While many countries publish national fossil fuel pro-

duction plans and projections, few, if any, have provided 

assessments of how their projected production plans 

align with domestic and international climate goals. In 

fact, as shown in Chapter 4, governments continue to 

actively promote, support, and invest in expanded fossil 

fuel extraction and trade, using subsidies, public finance, 

and other means. Expected future production levels are 

considerably higher than what would be consistent with 

the achievement of NDCs, not to mention the Paris goals. 

These measures, taken together, risk undermining both the 

stated climate ambitions of individual countries, as well as 

the globally agreed climate objectives.

Many countries appear to be banking on export markets 

to justify major increases in production (e.g. the United 

States, Russia, and Canada) while others are seeking to 

limit or largely end imports (e.g. India and China). The net 

result could be significant over-investment, increasing the 

risk of stranded assets, workers, and communities, as well 

as locking in a higher emissions trajectory.

12 The government projections of Russia and India included two scenarios of fossil fuel production, and we use the average of these values in our analysis. For Russia, where 
available projections do not extend to 2040, values are extrapolated from 2035 onward, based on rates of growth in IEA NPS. The 2015 and 2017 global fossil fuel production 
values derived from the national plans and projections differ slightly from estimates under the IEA NPS, and have not been harmonized.

Figure 3.2
Global estimate of fossil fuel production from national plans and 

projections, in terms of extraction-based CO2 emissions. Values 

shown are compiled from sources and figures cited in the country 

reviews in Chapter 4. The rest of the world is scaled by the relative 

share of production by fuel in IEA NPS for the years shown.
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But there are also some potentially promising signs and 

opportunities. A number of smaller producing countries 

are already taking steps to limit further fossil fuel develop-

ment, while leading international finance institutions are 

increasingly limiting or ending their lending to fossil fuel 

production.

Countries seeking to align fossil fuel production with  

climate goals can pursue a range of policy approaches  

to do so. From limits on new extraction to the removal  

of subsidies and the adoption of just transition plans,  

meeting the Paris goals may require that such “sup-

ply-side” policies become an increasing part of countries’ 

planning for climate change and broader sustainable de-

velopment. International forums — such as the UN climate 

change process — and non-state actors can also play a 

valuable role in catalysing the winding down of fossil fuel 

production in line with climate goals. 

These opportunities to accelerate climate action are  

discussed in the final two chapters. 
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4

Support for fossil fuel 
production in key 
producer countries

This chapter reviews  govern-
ment support, planning, and  
projections for fossil fuel produc-
tion in 10 key countries: seven 
top fossil fuel producers (China,  
United States, Russia, India,  
Australia, Indonesia, and Canada) 
and three significant producers 
with strongly stated climate am-
bitions (Germany, Norway, and 
the United Kingdom).

Together, these surveys illustrate 
how a combination of ambitious 
plans for expanding production, 
subsidies to producers, direct 
investment in infrastructure, and 
other government supports un-
derpin the continued expansion 
of fossil fuel production, widen-
ing the global production gap. 
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The country surveys in this chapter draw on national 

plans and strategy documents, projections published 

by government and affiliated institutions, and studies by 

government, research, and intergovernmental institutions. 

Together, they illustrate how a combination of ambitious 

plans and targets, subsidies, and other support policies 

underpin the continued expansion of fossil fuel produc-

tion, which in turn widens the global production gap, 

making the emissions gap harder to close.

This chapter shows trajectories of fossil fuel produc-

tion from the most recently available national plans and 

projections. Most countries foresee increases, while a few 

expect overall declines despite active government support 

for maximizing production (e.g. the United Kingdom for 

oil and gas). Differences in trajectories reflect a variety of 

factors beyond government support, including: reserves 

and resources; extent of depletion; levels of infrastructure 

investment for extraction and transport; relative costs of 

extraction; changes in domestic demand; and access to 

international markets, among others. 

Consequently, it is challenging to assess what 1.5°C- and 

2°C-compatible pathways for fossil fuel production might 

look like at a national level. While some studies have esti-

mated future coal, oil, and gas production by country or 

region under climate constraints (IEA 2018a; McGlade and 

Ekins 2015; Solano-Rodriguez et al. 2019), the underlying 

models rely exclusively on the relative costs of production 

to determine the national or regional distribution of pro-

duction, and their results differ in quantitatively non-neg-

ligible ways. Arguably, other important factors also come 

into play in determining the pace at which countries need 

to wind down production to be in accordance with the Par-

is Agreement (Article 4.3) — in particular, each country’s 

unique capabilities, responsibilities, and circumstances. 

Further research could take these factors into account in 

identifying equitable, effective, and cost-efficient pro-

duction pathways at national scales, much as research 

has illuminated similar pathways for emissions (Climate 

Action Tracker 2019; Holz et al. 2019; Kartha et al. 2018). 

Such production pathways would provide guideposts for 

governments seeking alignment with Paris goals, and for 

civil society organizations seeking to encourage action and 

track progress.

4. Support for fossil fuel production in key producer countries
This chapter surveys fossil fuel production plans and support mechanisms across 10 key countries. 

The first seven — China, the United States, Russia, India, Australia, Indonesia, and Canada — are 

among the nine top global producers in terms of extraction-based CO2 emissions, as shown in Fig-

ure 3.1.13 The final three — Germany, Norway, and the United Kingdom — represent significant pro-

ducers with strongly stated climate ambitions. 

13 The other two top producers, Saudi Arabia and Iran, were not included due to limitations in data availability.

Most countries foresee increases, while 

a few expect overall declines despite 

active government support for maximiz-

ing production. 
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China is the world’s largest coal produc-

er, accounting for nearly half (43%) of 

global production in 2017 (3159 of 7320 

million tonnes, or Mt) (IEA 2019a). Coal 

production more than doubled from 2000 

to 2013, dropping briefly from 2013 to 

2016 before resuming growth (IEA 2019a). 

While China is the world’s seventh leading 

oil producer, it imports around two-thirds 

of its consumption (IEA 2019a). Its latest 

Five-Year Plan encourages the expansion 

of domestic oil exploration and extraction, 

and it continues to subsidize domestic 

coal production (The People’s Republic of 

China 2016a). China is also a top natural 

gas producer, ranking sixth in 2017. The 

country’s gas production increased by 

over 400% (from 1.0 to 5.0 exajoules 

(EJ)/year) from 2000 to 2017, though it 

remains a net importer (IEA 2019a).

Chinese government support for fossil 

fuel supply takes many forms:

j  The central and provincial govern-

ments provide over a dozen subsidies to 

coal and coal-bed methane production 

— including tax relief, direct investment, 

research and development support, and 

compensation for mine shutdowns — 

totalling over CNY 35.7 billion (USD 5.8 

billion) in 2013 (Xue et al. 2015). Oil and 

gas production also benefits from tax 

breaks, refunds, and exemptions estimat-

ed at USD 669 million in 2013 (Denjean et 

al. 2015).

j  The central government currently 

provides a direct subsidy of CNY 0.2 to 

0.3 per cubic metre (m3) (USD 0.8 to 1.2/

MMBtu (million British Thermal Units)) 

for shale gas and coal-bed methane 

extraction, with provincial and local 

governments providing matching funds, 

and is considering its extension for the 

upcoming 14th Five-Year Plan (China 

Ministry of Finance 2012, 2016; NEA 2016; 

State Council 2018). Shale gas extraction 

also receives tax abatement and refunds, 

as well as exemptions on mineral rights 

taxation (Xinhua Net 2019).

j  State-owned enterprises (SOEs) in 

the oil and gas industry, such as Sinopec, 

China National Petroleum Corporation 

(CNPC), and the China National Offshore 

Oil Corporation (CNOOC), invested an 

average of USD 22 billion per year in 

upstream exploration and capital expen-

diture in 2013 and 2014 (Denjean et al. 

2015). SOEs receive preferential loan rates 

and terms to finance their production.

j  CNOOC and CNPC are exempted from 

land-use tax in cities and towns, reducing 

costs and “leading to excessive produc-

tion of fossil fuels” (G20 Peer-review 

Team 2016).

Government plans and projections  

suggest that coal production could  

increase to 3,900 Mt in 2020 and then 

drop slowly thereafter, as shown in Figure 

4.1. This is in line with government inten-

tions to cap domestic coal use. However, 

since China accounts for nearly half of 

global coal production today, its lead-

ership in planning for a more rapid coal 

phase-out remains central to the goals of 

the Paris Agreement.

Sinopec expects China’s oil production 

to remain at roughly 4 million barrels 

per day. On expectations of increased 

demand, Sinopec projects natural gas 

production to continue its rapid growth, 

more than doubling current levels by 

2040, although still leaving the country  

as a major importer.

China

Figure 4.1
Chinese government outlooks for coal, oil, and gas production. For coal, production levels beyond 2020 are estimated from consumption 

projections, assuming imports account for 7% of consumption based on the 2010-2018 average. Sources: China Energy Group and LBNL 
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The United States produces more oil and 

gas than any other country, surpassing 

Saudi Arabia for oil in 2015 and Russia 

for gas in 2012 (IEA 2019a). After China, 

the United States is the second largest 

producer of coal (IEA 2019a).

For decades, the United States has 

encouraged fossil fuel production through 

tax incentives, regulatory reform, under-

valued leases of federal lands, low royalty 

rates, and research and development 

support (Vietor 1984; Wang and Krupnick 

2015; Warner and Shapiro 2013). In recent 

years, U.S. presidents have supported 

increased production through strategies 

termed “all of the above” energy develop-

ment (Obama 2014) and, most recently, 

“energy dominance” (The White House 

2017). This has included the lifting of the 

four-decade-old ban on crude exports in 

2015, which has played an instrumental 

role in the continuing boom in U.S. oil 

production (Blas 2019).

The United States supports fossil fuel pro-

duction in numerous ways, for example:

j  The federal government reports 16 

subsidies to coal, oil, and gas production, 

such as immediate depreciation of many 

capital expenses and a “percentage  

depletion” allowance that reduces  

taxable income (U.S. Government 2015).

j  Research indicates that federal and 

state subsidies boost investor returns 

enough to be a decisive factor for devel-

opment on up to half of all new oil fields, 

depending on prevailing oil prices. Gas 

development may be similarly subsidy-de-

pendent (Erickson et al. 2017).

j  Significant federal support of oil and 

gas research and development contribut-

ed to the hydraulic fracturing technology 

that enables the current expansion of 

unconventional oil and gas extraction in 

the United States and beyond (National 

Research Council 2001; Wang and Krup-

nick 2015).

j  Companies can lease public, gov-

ernment lands and waters for fossil fuel 

extraction, often paying below-market 

rates. About 40% of all coal, 17% of all oil, 

and 14% of all gas produced in the United 

States is from federal lands and waters 

(Merrill et al. 2018; U.S. EIA 2015).

As shown in Figure 4.2, without policy 

change, the current boom in U.S. oil  

and gas production is expected to 

continue. The U.S. Energy Information 

Administration projects that oil and gas 

production will increase to 30% above 

current levels by 2030 (U.S. EIA 2019). 

While coal production is expected to 

continue its decline, the rapid rise in oil 

and gas production will push total U.S. 

extraction-based CO2 emissions 40% 

above 2005 levels by 2025, in contrast 

with the 26–28% decline in territorial 

emissions targeted in the country’s NDC 

(U.S. EIA 2019). 

The United States expects to become a 

net exporter of fossil fuels in 2020 and 

increase net exports throughout the next 

decade. In fact, the IEA expects the Unit-

ed States to account for 70% of the rise 

in global oil production and 75% of the 

expansion in liquefied natural gas (LNG) 

trade over the next five years (IEA 2019b).

In recent years, the U.S. government has 

taken some national policy actions to 

restrict fossil fuel supply, though these 

have not been supported by the current 

administration. The U.S. Department of 

the Interior has discussed using a carbon 

budget to set a “declining schedule” of 

coal permits on federal lands (BLM 2017), 

the Obama administration removed 

offshore waters from oil and gas devel-

opment citing climate risks (The White 

House 2016), and ongoing Congressional 

proposals provide templates for future 

action (Huffman et al. 2016; Merkley et al. 

2015).

United States

Figure 4.2
U.S. government outlooks for coal, oil, and gas production. Sources: IEA 2019a; U.S. EIA 2018, 2019
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Russia is the world’s second largest pro-

ducer of natural gas, third largest produc-

er of oil, and sixth largest producer of coal 

(IEA 2019a). The country exports about 

half of its oil and coal, as well as about a 

third of its natural gas (IEA 2019a). The oil 

and gas sector is estimated to contribute 

between 10% and 20% of Russia’s GDP 

and almost half of federal government 

revenues (IEA 2014; Ministry of Energy of 

the Russian Federation 2017; Economic  

Expert Group 2019).

Russia’s energy policy aims to retain its 

fossil fuel export shares in global markets 

through trade with Europe and expanding 

flows to the Asia-Pacific region, espe-

cially China (President of the Russian 

Federation 2019). To support these goals, 

the Russian government uses direct 

budgetary transfers, funds from govern-

ment-owned financial institutions and 

state-owned enterprises, tax preferences, 

and various regulations (Gerasimchuk 

2012; Ogarenko et al. 2015). For example:

j  Federal subsidies to fossil fuel pro-

duction totalled RUB 440 billion (USD 7.5 

billion) in 2017, a conservative estimate 

based on an analysis from the Organi-

sation for Economic Co-operation and De-

velopment (OECD) of budgetary support 

and tax expenditures (OECD 2019). The 

vast majority (98%) of these subsidies 

were through tax breaks, especially 

through a reduced rate of the extraction 

tax on new and mature higher-cost fields 

(OECD 2019).

j  Through price regulations, Russia pro-

vided subsidies worth another USD 12.1 

billion to domestic gas consumption in 

2017 and an unquantified amount of sup-

port to the consumption of Russian gas 

abroad (Gerasimchuk 2012; IEA 2018b), 

spurring investments in gas production 

and trade infrastructure.

j  Majority state-owned Russian financial 

institutions provided at least USD  10.1 

billion in finance for the fossil fuel industry 

between 2013 and 2015, partially at subsi-

dized rates (Doukas et al. 2017).

j  Oil, gas, and coal companies benefit 

from subsidized access to transport in-

frastructure, such as through preferential 

railroad tariffs for coal (Khusainov 2018), 

as well as through ports, icebreakers and 

pipelines (Gerasimchuk 2012; Lunden and 

Fjaertoft 2014).

j  Russia is piloting a tax regime switch 

for oil fields (one based on profit rather 

than outputs and exports) aimed at 

reducing tax burdens and stimulating oil 

output (by 0.9 million tonnes per year), 

which may be expanded (Reuters 2018; 

Yepryntseva and Palees 2019).

The Russian government recognizes its 

production plans face challenges from 

increasing competition in energy export 

markets and decarbonisation trends (Min-

istry of Energy of the Russian Federation 

2017; President of the Russian Federation 

2019). Accordingly, the Ministry of Ener-

gy’s draft energy strategy developed both 

an “optimistic” and a “conservative” sce-

nario for future production. As illustrated 

in Figure 4.3, Russia expects to sustain 

oil production close to current levels by 

2035 in both cases. Under its optimistic 

scenario, by 2035, coal and natural gas 

production would increase from 2015 

levels by 32% and 38%, respectively; 

under its conservative one, coal pro-

duction would drop 5% and natural gas 

would rise 20%. Russia’s largest oil and 

gas companies also have their own plans 

to increase production; Gazprom plans to 

increase gas production by as much as 

40% between 2017 and 2020 (Gazprom 

2018a, 2018b).

Russia’s total extraction-based CO2 emis-

sions would rise by 6% and 24% above 

1990 levels by 2030 under the conserva-

tive and optimistic scenarios, respectively. 

This is in contrast with Russia’s NDC 

target of reducing territorial emissions by 

25–30% during that same period (Russian 

Federation 2015).

Russia

Figure 4.3
Russian government outlooks for coal, oil, and gas production. Sources: IEA 2019a; Ministry of Energy of the Russian Federation 2017.
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India is the world’s fourth largest coal pro-

ducer, and also the world’s second largest 

coal importer, reflecting the country’s 

significant level of coal consumption (IEA 

2019a). The country’s coal production 

has more than doubled in the last two 

decades, totalling 724 million tonnes in 

2017 (IEA 2019a). With over 75% govern-

ment ownership, Coal India is the world’s 

largest coal mining company, producing 

84% of India’s thermal coal, and is a major 

employer in many parts of the country 

(Tongia and Gross 2019).

India produces far less oil and gas than 

coal, on an energy basis (EJ). While it 

seeks to increase production of both, it is 

expected to remain a major importer in 

coming decades, especially for oil.

India supports fossil fuel production in 

various ways, including:

j  The government provides subsidies 

across the energy value chain to increase 

both energy production and consumption, 

totalling INR 1.5 trillion (USD 23 billion) 

in fiscal 2017. That year, subsidies to oil 

and gas totalled INR 370 billion (USD 5.5 

billion); those to coal were INR 160 billion 

(USD 2.4 billion), largely for production 

through concessional duties and tax 

breaks (Soman et al. 2018).

j  India also supports coal through INR 

740 billion (USD 11.3 billion) in public 

finance and the equivalent of INR 250 

billion (USD 3.8 billion) through postpone-

ments in the implementation of envi-

ronmental standards and other policies 

(Worrall et al. 2018).

j  A number of state-owned industries 

are involved in the production of coal, oil 

and gas, as well as in the transportation 

and refining of oil and natural gas.

j  It is important to note that these sup-

ports exist in the context of other costs 

and interactions faced by coal, such as 

the coal cess (tax) described in Chapter 5 

and cross-subsidisation of passenger rail 

prices by coal freight.

India’s Draft Energy Plan is not approved 

in its final form, but it is used for this 

overview, as it is the latest national plan-

ning document. This plan foresees coal 

production increasing between 2015  

and 2040 by 200% under a business-as- 

usual scenario, and by 250% under an 

“ambitious” scenario that seeks to reduce 

imports (NITI Aayog 2017; PIB 2018),  

as shown in Figure 4.4. India’s steep rise 

in coal production is predicated on the 

notion that not only will imports be largely 

displaced (under its ambitious scenario, 

India becomes a net coal exporter), but 

also that coal demand from the power 

sector will continue to rise steeply for 

the next two decades, which is uncertain 

given the increasing competitiveness of 

solar and wind (Marcacci 2018). 

India

Figure 4.4
Indian government outlooks for coal, oil, and gas production. BAU: business-as-usual. Sources: IEA 2019a; NITI Aayog 2017
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Indonesia is the world’s fifth largest 

coal producer and exports over 80% 

of its production, making it the second 

leading exporter, just behind Australia 

(IEA 2019a). By contrast, oil production 

peaked in the mid-1990s, and Indonesia 

became a net importer of oil in 2006 (IEA 

2019a). The country’s natural gas produc-

tion increased by around 50% between 

1990 and 2017, making it the world’s 12th 

largest producer in 2017 (IEA 2019a).

The central government has undergone 

a paradigm shift from viewing oil and gas 

as export commodities to seeing them 

as strategic domestic resources, a shift 

that is also beginning to occur with coal 

(Braithwaite and Gerasimchuk 2019). 

After a major expansion of coal produc-

tion in the early 21st century (IEA 2019a), 

the government now aims to direct an 

increasing fraction of future production to 

domestic energy needs through a policy 

of Domestic Market Obligation. Under this 

policy, producers must deliver a specific 

amount to coal plants at a capped price 

(Braithwaite and Gerasimchuk 2019; 

Notonegoro 2018). 

Indonesia’s 2014 National Energy Policy 

foresees a tripling of the use of domestic 

coal by 2050 for electricity production 

(IEA 2016), while its 2018 Energy Outlook 

projects an increase in coal production 

by over 50% by 2050 (PPIPE and BPPT 

2018), primarily due to growing domestic 

demand.

Government support for fossil fuel pro-

duction includes several measures:

j  Indonesia provided IDR 5 trillion  

(USD 400 million) or 0.05% of GDP in  

subsidies for fossil fuel production be-

tween 2014 and 2016 (Braithwaite  

and Gerasimchuk 2019).

j  Subsidies for oil and gas extraction 

include exemptions and reductions in 

import duties and taxes, in income taxes 

on capital goods and equipment, and  

in land and building taxes (MEMR and  

MoF 2019).

j  Subsidies to the coal sector averaged 

IDR 10.5 trillion (USD 800 million) in 2014 

and 2015 (Attwood et al. 2017).

j  Thermal coal was exempt from export 

tariffs from May 2012 to August 2015, 

which totalled IDR 1.2 trillion (USD 91 mil-

lion) in 2015 and IDR 2.6 trillion (USD 200 

million) in 2014 in forgone government 

revenue (Attwood et al. 2017).

Indonesia has successfully diversified 

its economy as its oil production has 

declined, maintaining constant growth 

and stable budget deficits (Braithwaite 

and Gerasimchuk 2019). Revenue from 

upstream oil and gas production has 

dropped from 7% of GDP in 2001 to 1% 

in 2016 (IMF 2004, 2018). However, as 

shown in Figure 4.5, government projec-

tions envision gas production growing by 

24% between 2020 and 2040. Likewise, 

coal production is projected to grow by 

29% during this period (PPIPE and BPPT 

2018). Both increases are driven by the 

need to meet expected growth in national 

energy demand, which is partially fuelled 

by planned developments of household 

gas distribution networks and of coal-

based industry (PPIPE and BPPT 2018).

Indonesia

Figure 4.5
Indonesian government outlooks for coal, oil, and gas production. Historical production values are not shown for coal because of a 

mismatch between the reported 2017 values in the Indonesia 2018 Energy Outlook (418 Mt) and IEA statistics (488 Mt). Sources: IEA 

2019a; PPIPE and BPPT 2018
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Australia is not only a major fossil fuel 

producer, but also the world’s leading ex-

porter of coal (IEA 2019a) and the second 

largest producer and exporter of LNG 

(IGU 2018). With government backing, 

and proposed major new investments in 

mines and port facilities, Australia’s coal 

and gas outputs and exports could con-

tinue their rapid rise (Office of the Chief 

Economist 2019). Proposed large coal 

mines and ports — if fully completed — 

would represent one of the world’s largest 

fossil fuel expansions (around 300 Mt 

per year of added coal capacity) (Buckley 

2019a; Department of the Environment 

and Energy 2018). The rise of hydraulic 

fracking has also opened the door to 

discussions on tapping into the country’s 

vast resources of unconventional (shale) 

gas (Westbrook 2018).

Australia supports increased fossil fuel 

production through several measures:

j  Tax-based subsidies total more than 

AUD 12 billion (USD 9 billion) per year 

(Market Forces 2019). This includes the 

fuel tax credit scheme, which allows fossil 

fuel companies to claim tax credit on their 

fuel use (Australian Taxation Office 2017), 

and a budgeted AUD 1.7 billion (USD 1.3 

billion) for accelerated depreciation for oil 

and gas assets (Australian Department of 

the Treasury 2015).

j  Geoscience Australia, a government 

agency, absorbs sector risk by financing 

and conducting resource exploration, 

which was worth AUD 100 million (USD 

75 million) in fiscal 2017 (Department of 

Industry, Innovation and Science 2018).

j  The government takes various steps 

to support increased coal production, in-

cluding, for example, fast-track approval, 

private road construction, and reduced 

royalty payments for Adani’s recently 

approved Carmichael coal mine project in 

the Galilee Basin (Buckley 2019b).

j  Recent legislation increased govern-

ment support for investment in new over-

seas infrastructure projects from AUD 2 

million to AUD 1.2 billion (USD 2 million to 

USD 900 million) to accommodate Aus-

tralian coal and gas exports (Parliament of 

Australia 2019; Hasham 2019).

Government projections show coal 

production growing another 10% by 2024 

and 34% by 2030, relative to 2018 levels 

(Office of the Chief Economist 2019; 

Syed 2014). As shown in Figure 4.6, the 

government also envisions gas production 

growing 20% by 2024 and 33% by 2030 

relative to 2018 levels (Office of the Chief 

Economist 2019; Syed 2014).

Under these projections, Australia’s  

extraction-based emissions from fossil  

fuel production would nearly double  

(a 95% increase) by 2030 compared to 

2005 levels. However, its NDC targets a 

reduction in territorial GHG emissions  

of 26–28% over the same period (Govern-

ment of Australia 2016).

Australia 

Figure 4.6
Australian government outlooks for coal, oil, and gas production. Sources: Office of the Chief Economist 2019; Syed 2014
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Canada is the world’s sixth largest oil 

producer and fourth largest natural gas 

producer (IEA 2019a). In coal production, 

it ranks just outside the world’s top 10 

(IEA 2019a). The fossil fuel sector currently 

generates about 8% of Canada’s GDP, 

though this has been in decline since 

1997, when it generated 10%. Produc-

tion levels, however, have risen (Hughes 

2018). The government views fossil fuel 

exports as critical for Canada’s economic 

growth — the current Prime Minister has 

stated that expanding fossil fuel export in-

frastructure is “of vital strategic interest to 

Canada” (Prime Minister of Canada 2018). 

Canada has encouraged the production 

of oil and natural gas through several 

government measures, including tax in-

centives, regulatory reform, research and 

development support, and, most recently, 

direct public investment. For example:

j  Federal subsidies for fossil fuel pro-

duction (including a 100% deduction for 

exploration expenditures) were approxi-

mately CAD 1.6 billion (USD 1.2 billion) per 

year from 2013 to 2015  (Touchette and 

Gass 2018). As they are linked to oil prices 

and exploration activities, a decline in 

both led to a significant drop in subsidies 

over the 2016–2018 period (Touchette 

and Gass 2018). While some incentive 

programs have ended, subsidy values are 

still expected to increase with oil prices.

j  Subsidies at the provincial level can 

also be significant. Oil, gas, and coal 

subsidies in Alberta, for example, totalled 

CAD 2 billion (USD 1.5 billion) in fiscal year 

2017–2018, with the vast majority coming 

from royalty adjustment (Environmental 

Defence and Gass 2019).

j  In 2018, the national government 

purchased the Trans Mountain Pipeline 

for CAD 4.5 billion (USD 3.5 billion) and 

it has offered to indemnify the pipeline 

expansion project for a private buyer to 

enable increased oil sands production for 

international export markets (Department 

of Finance 2018).

Though Canada plans to address do-

mestic emissions by putting in place a 

nation-wide carbon price, fossil fuel pro-

duction is expected to grow progressively, 

largely driven by oil sands expansion. 

Canada’s Energy Future 2018 projects oil 

production to increase 60% from 2017 

to 2040 (National Energy Board 2018). 

Natural gas production is also on track to 

increase 34% during that time (National 

Energy Board 2018). In contrast, as a 

founding member of the Powering Past 

Coal Alliance, Canada has committed to a 

coal power phase-out by 2030, accompa-

nied by measures to support coal workers 

and communities (Environment and Cli-

mate Change Canada 2017). Thermal coal 

production is thus expected to decline by 

roughly 90% from 2017 to 2040 (National 

Energy Board 2018).

While Canada reported a 2% reduction 

in 2017 emissions relative to 2005 levels 

(Environment and Climate Change Cana-

da 2019), its NDC target is to reduce ter-

ritorial emissions 30% below 2005 levels 

by 2030 (Government of Canada 2017). 

Ongoing fossil fuel production could 

create challenges for meeting this goal, 

as upstream oil and gas production alone 

accounts for 27% of Canada’s territorial 

emissions (Environment and Climate 

Change Canada 2019). Furthermore, ex-

traction-based CO2 emissions from fossil 

fuel exports nearly doubled from 2000 to 

2015, and now exceed Canada’s domestic 

CO2 emissions from all sources (Environ-

ment and Climate Change Canada 2019; 

Lee 2018).

Canada

Figure 4.7
Canadian government outlooks for oil and gas production. Canadian coal production is small (~1 EJ/yr) and not shown. Source: National 

Energy Board 2018.
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Norway is the largest oil and gas producer 

in Europe outside Russia, with extensive 

offshore production. While oil production 

has declined since a 2001 peak, gas 

production has increased by almost 

350% over the past three decades (IEA 

2019a). Both are expected to rise in 

coming years, as shown in Figure 4.8, 

before a longer-term decline. 

Norway’s oil and gas policy emphasizes 

maximum exploitation of economically 

viable resources through technological 

innovation in existing fields, increased 

exploration in “mature” areas, and gradual 

expansion in less-explored frontier areas 

— primarily in the Arctic (Norwegian 

Ministry of Petroleum and Energy 2011). 

The government supports expanded oil 

and gas development through multiple 

measures:

j  Norway awards new oil and gas 

licenses through two different process-

es designed to encourage increased 

exploration in frontier and mature areas, 

respectively (Lahn 2019).

j  The government is a direct investor  

in the oil industry through passive owner-

ship in many licenses and its controlling 

share in Equinor (Lahn 2019).

j  A 78% tax rate on the industry is a key 

source of government revenue, but full 

deductibility of exploration and devel-

opment means the public shoulders a 

large share of the risk in new oil and gas 

developments (Lahn 2019).

j  The current system of deductions is 

characterized by the Ministry of Finance 

as “too generous” compared to the ideal of 

a neutral tax regime (Norwegian Ministry 

of Finance 2018). These tax breaks totalled 

NOK 10.7 billion (USD 1.3 billion) in 2018 

(Norwegian Ministry of Finance 2018), 

and are categorized as subsidies by some 

analysts (Aarsnes and Lindgren 2012).

While Norway’s territorial targets are 

to reduce emissions by 40% from 1990 

levels by 2030, and by 80–95% by 2050 

(Norwegian Ministry of Climate and 

Environment 2017), it remains to be seen 

whether these goals will lead to changes 

in oil and gas policy or production. Emis-

sions from oil and gas production have 

increased since 1990 and may continue 

to increase despite Norway’s territorial 

reduction targets, due to the ability to use 

allowances purchased from the EU Emis-

sions Trading System (EU ETS) to offset 

the sector’s emissions (Lahn 2019).

At the same time, there is increasing 

awareness that future oil and gas policy 

may be impacted by international climate 

policy developments (Lahn 2019). In 

response to this, some measures have 

been taken to minimize the economic 

risks associated with declining fossil fuel 

demand. The Norwegian government 

recently announced its intention to assess 

future oil and gas investments against 

an oil and gas price scenario in line with 

Paris Agreement goals (Norway’s Climate 

Risk Commission 2018; Norwegian 

Ministry of Finance 2019a).  While it is not 

yet clear how this will be factored into 

decision-making, previous analysis indi-

cates some new oil developments may 

be vulnerable to lower oil demand (Down 

and Erickson 2017; Rystad Energy 2013).

The government has also announced 

the intention to divest its USD 1 trillion 

sovereign wealth fund, which is built on oil 

and gas revenues, from upstream oil and 

gas activities, in order to reduce Norway’s 

oil price exposure (Norwegian Ministry of 

Finance 2019b). The fund divested from 

coal energy in 2016, based on the sector’s 

environmental impact. 

Norway

Figure 4.8
Norwegian government outlooks for oil and gas production. Publicly available government projections of production beyond 2023 only show 

oil and gas combined; projections beyond 2023 are split between oil and gas based on the ten-year average of the latest data (2014–2023). 

Norway produces almost no coal (<0.01 EJ/yr). Sources: Norwegian Ministry of Finance 2019a; Norwegian Petroleum Directorate 2019. 
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Historically one of the world’s largest coal 

producers and exporters, Germany has 

now taken initial steps towards winding 

down coal production and use, driven by 

its “Energiewende” clean energy transition 

agenda. With its last hard coal mine clos-

ing in late 2018 (driven by EU State aid 

rules requiring the removal of subsidies 

to their operation by 2018 (European 

Union 2010)), the key debate is around 

the speed and process for moving away 

from brown coal (lignite) mining and use 

(Apunn 2019; Wynn and Coghe 2018). 

As of 2017, Germany remains the world’s 

largest producer of lignite (171 Mt), the 

most emissions-intensive type of coal  

(IEA 2019a). 

Germany has provided extensive gov-

ernment support to fossil fuel extraction 

to date (Whitley et al. 2017). Recently, 

however, it has begun shifting fossil fuel 

subsidies to transition support for work-

ers and mine rehabilitation, in line with 

international commitments and the do-

mestic coal phase-out discourse (Schulz 

2019). Specifically:

j  Between 2005 and 2016, the German 

government provided an average of EUR 

2.4 billion (USD 2.8 billion) annually in 

transition support to the hard coal indus-

try, including support for rehabilitation of 

mining sites and for workers and commu-

nities, following the decision to close the 

industry (in line with European Commis-

sion restrictions) (Whitley et al. 2017).

j  The German Commission on Growth, 

Structural Change and Employment  

(referred to as the Coal Commission)  

has earmarked around EUR 40 billion 

(USD 47 billion) in government support  

to compensate states affected by the 

phase-out of lignite. It is unclear what 

proportion will go to mining (rather than 

power), as the Commission’s recommen-

dations still need to be translated into  

law (Gençsü 2019). 

A full transition away from coal is ex-

pected to play a central role in achieving 

Germany’s long-term goal of an 80–95% 

emissions reduction below 1990 levels 

by 2050. The draft National Energy and 

Climate Plan (NECP) currently envisages 

a 63% drop in coal production between 

2015 and 2040 (BMWi 2018). However, 

the Coal Commission has since proposed 

a full phase-out of coal-fired power gener-

ation by 2038 at the latest, with measures 

that include social and structural devel-

opment of lignite mining regions (BMWi 

2019; Schulz 2019). Germany’s Coal 

Commission has brought together actors 

from coal regions, industry, trade bodies, 

environmental NGOs, academia, and com-

munities affected by the expansion of coal 

mines, in order to chart a path to ending 

German coal extraction and use while mit-

igating negative socio-economic impacts. 

Germany joined the Powering Past Coal 

Alliance in September 2019. 

Germany

Figure 4.9
German government outlook for coal production. German oil and gas production is small (<1 EJ/yr each) and not shown. Source: BMWi 2018
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Miners from the Prosper-Haniel coal mine stand 

next to the Saint Babara sculpture a day before 

the mine officially closed, at a religious service at 

the Dom cathedral.
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The United Kingdom’s fossil fuel produc-

tion lies primarily in offshore oil and gas, 

with estimated recoverable petroleum 

resources of 10 billion to 20 billion barrels 

of oil equivalent (OGA 2018). Under the 

United Kingdom’s policy of “maximizing 

economic recovery”, it has stated an in-

tent to extract “every drop of oil and gas” 

(UK Parliament 2017). On the other hand, 

the country’s coal production and use has 

been on a steep decline since the 1980s, 

including a recent commitment to phase 

out coal power by 2025 (Department for 

Business, Energy, and Industry Strategy 

2018). It is one of the founding members 

of the Powering Past Coal Alliance, along 

with Canada.

Though the UK government stated that it 

does not provide any subsidies for fossil 

fuels under its own definition, a recent 

report by the European Commission 

found that the United Kingdom has the 

largest fossil fuel subsidies in the Europe-

an Union (European Commission 2019). A 

range of measures support the oil and gas 

industry:

j  The United Kingdom issues new 

exploration and production licenses every 

year, alternating between offering mature 

and frontier areas. Leases generally last 

30 years but are extendable (Muttitt et al. 

2019).

j  The United Kingdom offers investment 

allowances, lowered tax rates for oil and 

gas, and support for decommissioning 

(Muttitt et al. 2019; Whitley et al. 2018).

j  In the tax years 2015–16 and 2016–17, 

the oil and gas industry received an aver-

age of GBP 176 million (USD 224 million) 

more per year in government support 

than it paid back in taxes (Muttitt et al. 

2019).

j  A public body, the Oil and Gas Author-

ity, has a statutory mission of maximizing 

extraction. It has created a strategy 

to boost 2035 production revenue by 

around 50% compared to baselines, and 

promotes its achievement by, for example, 

coordinating among companies on their 

use of infrastructure, sharing information 

on costs, and intervening in supply chains 

(OGA 2019a, 2019b).

j  The United Kingdom provided an 

annual average of GBP 432 million (USD 

550 million) in international public finance 

for upstream oil and gas in 2013 and 2014 

through UK Export Finance (UKEF). A 

recent report by the Environmental Audit 

Committee of the UK government stated 

that “UKEF support for fossil fuel energy 

projects is unacceptably high”, recom-

mending that UKEF should set a strategy 

for net-zero emissions by 2050, and push 

other export credit agencies within the 

OECD to do the same (UK Environmental 

Audit Committee 2019, p. 3).

Recently, the UK Committee on Climate 

Change recommended that the United 

Kingdom should raise its ambitions to net 

zero emissions by 2050, deeming such a 

target "necessary, feasible and cost-effec-

tive" (UK Committee on Climate Change 

2019, p.8). Although the Committee’s 

report contemplates mitigating emissions 

from oil and gas production, it does not 

discuss how fossil fuel production itself 

might be aligned with the net zero target.

United Kingdom 

Figure 4.10
UK government outlooks for oil and gas production. UK coal production is small (<0.1 EJ/yr) and not shown. Source: OGA 2019b
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5

Policy options  
to close the  
production gap

Countries can begin to close the 
production gap by aligning their 
energy and climate plans.

Governments have a range of 
policy options to regulate fossil 
fuel supply, including limits on 
new exploration and extraction 
and removal of subsidies for 
production. 

Some countries are already 
demonstrating leadership: 
Belize, Costa Rica, Denmark, 
France, and New Zealand have 
all enacted partial or total bans 
on oil and gas exploration and 
extraction. Germany and Spain 
are phasing out coal extraction.

Non-state actors and sub-
national governments can 
also help facilitate a transition 
away from fossil fuels, by 
mobilizing constituencies and 
shifting investment to lower-
carbon options. Individuals and 
institutions have already pledged 
to divest over USD 11 trillion from 
fossil fuel holdings.

Several governments are 
planning for a “just transition” 
that aims to minimize disruption 
for affected workers and 
communities.

Key Messages
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Accordingly, in this chapter, we outline the “supply-side” 

policy options available, describe the benefits they could 

offer, and highlight important lessons from early adopters 

of such policies. We discuss the importance of incorporat-

ing processes that support a just transition away from fos-

sil fuels. We conclude by discussing the role that non-state 

actors can play in winding down fossil fuel production.

5.1. Supply-side climate policy

Policies to address fossil fuel supply are often missing from 

the climate policy toolkit. Most climate policy interventions 

seek to address the consumption, rather than the pro-

duction, of coal, oil and/or gas, through measures such as 

pricing carbon, fostering alternative energy sources, and 

improving energy efficiency. Climate policy need not be 

limited to interventions on the demand side, however. In 

many other areas of public policy, governments recognize 

that tackling supply and demand for a product at the same 

time is the most effective way to limit its use (Green and 

Denniss 2018). This is true for a diverse range of policy 

goals, including efforts to reduce the consumption of 

tobacco, the selling of illicit drugs, and the trafficking of 

endangered species. The continued growth in fossil fuel 

extraction suggests that there may be value in similarly 

seeking to limit the upstream production of such fuels, in 

addition to their consumption (Green and Denniss 2018; 

Lazarus and van Asselt 2018).

For governments interested in restricting fossil fuel supply 

as part of their broader climate strategy, a range of policy 

options exist (Table 5.1.). These “supply-side” climate policy 

tools include economic instruments, such as fossil fuel 

subsidy reform and taxation on the production or export of 

fuels. Governments may also use their regulatory authority 

to limit extraction, for instance by banning new permits 

for exploration or extraction, or by limiting or rescinding 

existing fossil fuel licenses. Policymakers can also turn to 

their provision of goods and services, by redirecting public 

finance away from the fossil fuel sector, setting long-term 

goals to wind down extraction, and developing strategic 

transition plans to support fossil-fuel-dependent workers 

and communities. And governments can raise awareness 

and increase transparency by requiring fossil fuel compa-

nies to report on their production plans, and by reporting 

on their own progress in closing the “production gap.”

5. Policy options to close the production gap
A key step toward closing the production gap is for countries to recognize the substantial discrep-

ancy between fossil fuel production plans and global climate goals – and then to enact policies 

that bring production plans in line with climate efforts. Their policy toolkit can include not only 

“demand side” policies, such as renewable energy and energy efficiency measures, but also those 

that focus explicitly on reducing the supply of fossil fuels.

For governments interested in restrict-

ing fossil fuel supply as part of their 

broader climate strategy, a range of 

policy options exist.
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Some governments have already begun to enact policies 

such as those outlined in Table 5.1, providing models for 

the rest of the world to learn from and emulate (Figure 5.1). 

The governments of Belize, Costa Rica, France, Denmark, 

and New Zealand, for instance, have all enacted partial 

or total bans or moratoria on oil and gas exploration 

and extraction. Germany and Spain are phasing out coal 

extraction, and working with workers and communities 

to plan for an economic future without mining (MITEGO 

2018; Wehrmann 2018). And more than 40 countries have 

endorsed the need to reform fossil fuel subsidies (FFFSR 

2019). These actions represent a growing momentum to 

limit fossil fuel supply for climate and related sustainable 

development reasons. Most of these policies and commit-

ments have been enacted in the last five years (see online 

Appendix C), signalling policymakers’ new focus on fossil 

fuel production.

As noted in Chapter 1, policies to limit fossil fuel produc-

tion can bring several benefits. Supply-focused measures 

broaden the climate policy toolkit, which can increase the 

scale of emission reductions available at a given marginal 

cost. They can also help avoid “carbon lock in” by limiting 

investment in long-lived infrastructure (i.e. entrenched 

fossil fuel production with long pay-back horizons). This 

can also decrease the risks and costs associated with 

stranded assets (Erickson et al. 2015) — risks that are 

particularly pronounced for countries that are now de-

ciding whether to follow a fossil-fuel-driven development 

pathway (Bradley et al. 2018). Supply-side policies also 

may have administrative advantages over other forms of 

climate policy: they target a narrower set of actors (fossil 

fuel producers), and thus may be easier and less costly to 

administer (Green and Denniss 2018).

Finally, there may be distinct socio-political advantages 

to addressing fossil fuel supply, alongside other climate 

policy measures. Fossil fuels are more tangible than 

emissions, which helps to mobilize public support for 

climate policy; people may find it easier to attribute costs 

and benefits to specific, familiar energy sources, rather 

than the more abstract emissions created from those 

fuels when they are burnt (Ansolabehere and Koninsky 

2014; Green and Denniss 2018). Addressing fossil fuel 

supply also brings added co-benefits — such as reducing 

pollution around extraction, processing, and transpor-

tation sites — that may appeal to affected communities 

(O’Rourke and Connolly 2003). That said, supply-side 

constraints may encounter opposition from industry, com-

munities and regions economically dependent on fossil 

fuel extraction (Harrison 2015). Careful design of policies, 

including supporting measures for affected communities 

and industries, can increase the political viability of  

supply-side policy.

Category Supply-side policy

Regulatory  
approaches

Limit exploration, production, or export (e.g., via moratoria, bans, or quotas)

Prohibit development or limit permits for specific resources, infrastructure (oil pipelines and terminals, coal 
ports, etc.), or use of certain technologies

Ensure comprehensive (upstream and downstream) emissions assessment in environmental impact reviews 
of new fossil fuel supply projects

Economic  
instruments 

Remove fossil fuel producer subsidies

Introduce fees or taxes for fossil fuel production or export, and increase royalties

Government  
provision of goods 
and services

Assist workers and communities transitioning out of fossil fuel production

Divest state-controlled investment funds from companies involved in fossil fuel production

Restrict financing for fossil fuel supply projects through government-owned finance institutions (e.g. export 
credit agencies, and national and multilateral development banks)

Information and 
transparency

Require corporate disclosure of long-term climate-related risks associated with capital-intensive upstream 
production and exploration (Carbon Tracker Initiative 2019a)

Set targets for reducing fossil fuel production, and report on progress alongside existing climate mitigation 
accounts (e.g. by using an extraction based emissions accounting framework) (Steininger et al. 2016)

Source: Lazarus and van Asselt (2018), adapted from Somanathan et al. (2014) Table 15.2.

Table 5.1: Taxonomy of supply side policy
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BELIZE
  Moratorium on offshore oil 

exploration and drilling

CANADA
  Phase-out of the accelerated 

capital cost allowance for oil 
sands projects and the Atlantic 
Investment Tax Credits for use 
in oil and gas activities (subsidy 
reform) 

  Moratorium on offshore oil 
and gas activities in Canada's 
Arctic waters and in designated 
marine protected areas 

CHINA
  Supply-side structural 

reform (closure of coal mines) 
and just transition support 
measures

COSTA RICA
  National moratorium on oil 

exploration and exploitation 

DENMARK
  Ban on exploration and drill-

ing for oil, gas, and shale gas on 
land and in inland waters

FRANCE
  No new or renewal of explo-

ration permits for conventional 
and unconventional fossil fuels; 
Phase-out of all oil and gas 
production within the country 
and its overseas territories  
by 2040

GERMANY
  Phase out of subsidies for 

domestic hard coal industry 
by 2018

  Just transition plan for the 
coal industry: compensation for 
coal mining provinces; com-
pensation and training for coal 
miners 

INDIA
  Cess (tax) on coal production

ITALY
  18-month moratorium on 

offshore oil and gas exploration 
permits

NEW ZEALAND
  Ban on new offshore oil and 

gas exploration permits

  Establishment of a “Just 
Transitions Unit” with a focus 
on supporting the region most 
dependent on the oil and gas 
industry

NORWAY
  Certain offshore areas closed 

for drilling (including Lofoten 
archipelago and other coastal 
and sensitive areas and in the 
Arctic) 

SPAIN
  Closure of domestic coal 

mines with Just Transition plan 
(compensation and re-training)

UNITED STATES
  Moratorium on oil and gas 

exploration in some areas of  
the Arctic and Atlantic

Figure 5.1 Examples of supply-side polices and actions taken by countries. Note that not all policies were adopted with a climate 

change rationale, though they may potentially have mitigation impacts. For more detail, see online Appendix C.
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5.2. Support for just transitions

Policies that constrain fossil fuel production — either  

directly through supply-side policies, or indirectly by 

reducing fuel demand — can be coupled with transition 

support to aid those currently reliant on fossil fuel devel-

opment for their livelihoods. All governments, as signato-

ries to the Paris Agreement, have recognized the need to 

“[take] into account the imperatives of a just transition” 

and the impacts of response measures; this implies the 

need to plan to minimize disruption for workers, commu-

nities, and consumers who may be disproportionately 

affected by a shift to a low-carbon economy (ITUC 2017; 

UNFCCC 2016). Some countries have already embarked 

on such planning. For example, the governments of Can-

ada (Government of Canada 2018), Germany (Wehrmann 

2018), Spain (MITEGO 2018), Scotland (Scottish Govern-

ment 2018), and New Zealand (MBIE 2018) are all devel-

oping or implementing new transition planning processes 

and support programs to help oil, gas, and/or coal workers 

and communities adjust as their industry declines.

While transitions away from fossil fuels will affect many 

across society, two groups are typically the focus of 

transition planning efforts in the fossil fuel production 

sector: workers and fossil-fuel-dependent communities 

and regions (Sartor 2018). Both workers and communities 

want to be consulted on the transition and want meaning-

ful social dialogue to take place concerning their future. 

Once dialogue takes place and workers’ concerns are 

heard, a range of solutions can be negotiated to facilitate a 

transition that different parties perceive as fair.

Commonly employed transition provisions include: facili-

tating local development planning; ensuring workers’ exist-

ing legal entitlements (e.g. to pensions and healthcare) are 

maintained; ensuring social protection and insurance mea-

sures for workers; supplementing local government reve-

nues; creating job training programs; restoring industrial 

sites; and investing in new community facilities to revitalize 

social and economic development (Green and Gambhir 

2019). There is no “one-size-fits-all” approach to transition 

planning; the choice of transition support should reflect 

Box 5.1. Lessons from first movers: Limiting oil supply in Latin America and  
the Caribbean

Some of the earliest efforts to limit the production of 

oil and gas on environmental grounds originated in 

Latin America and the Caribbean. The most prom-

inent moratorium effort is probably the Yasuní-ITT 

project, launched in 2007 in Ecuador, which sought 

international compensation for banning the ex-

traction of oil in a national park (Finer et al. 2010).

While this initiative was ultimately unsuccessful 

(Sovacool and Scarpaci 2016), later efforts to limit oil 

extraction without a condition of compensation fared 

better. In 2011, Costa Rica announced a temporary 

moratorium on offshore oil exploration, which was 

later extended to 2050 (Government of Costa Rica 

2019). In 2016, former Mexican President Enrique 

Peña Nieto signed decrees banning oil and gas activ-

ities in areas of high natural value, amounting to ap-

proximately 1 million square kilometres of protected 

area (Government of Mexico 2016). And in December 

2017, the Belize government unanimously approved a 

moratorium on petroleum-related activities in mari-

time areas (Government of Belize 2017).

These governments have shown that starting with 

small steps — a temporary ban, or limits on ex-

traction in a restricted area — can help build momen-

tum for expanding constraints on production. While 

climate change was occasionally raised as a motivat-

ing factor, the protection of biodiversity, ecosystem 

services, and eco-tourism were the main rationales 

underpinning all of these initiatives. An emphasis on 

the measures’ potential benefits helped increase the 

viability of their adoption, suggesting more attention 

needs to be paid to the wider sustainable develop-

ment benefits of closing the production gap.
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the desires and opportunities that make the most sense 

for individual workers and communities, as well as the 

government capacity, institutions, and wider conditions in 

the relevant jurisdiction (Green and Gambhir 2019). The 

size and scope of these plans depends on the current foot-

print of the industry: countries and regions that are heavily 

dependent on fossil fuel production will need extensive 

industry transition plans, whereas more diversified econo-

mies may have relatively minimal transition needs.

Providing assistance to those impacted by a transition 

away from fossil fuels is almost certainly a necessary 

precondition for ambitious climate policy. Absent a clear 

plan to support those affected by a low-carbon transition, 

governments are likely to face social and political resis-

tance to any efforts to limit fossil fuel production or use. 

Transition planning can build consensus for more ambi-

tious climate policy, including for the types of supply-side 

policies outlined in this chapter.

Box 5.2. Addressing supply and demand: New Zealand’s comprehensive 
approach to climate policy

New Zealand is a relatively small fossil fuel producer. 

However, the country faces similar challenges to 

those of most producing countries. Oil production 

is highly concentrated in one region, Taranaki, and 

forms an important part of the regional economy, 

accounting for 28% of the region’s economic output 

(Make Way for Taranaki 2017). The New Zealand gov-

ernment has recognized the challenge that the global 

phase-out of fossil fuels represents for Taranaki, and 

the need for a managed transition that protects jobs 

and supports regions and local communities (New 

Zealand Government 2018a).

In April 2018, the New Zealand government an-

nounced that it would cease granting offshore oil 

and gas exploration permits, a ban that was sub-

sequently passed into law in the Crown Minerals 

(Petroleum) Amendment Act 2018 (New Zealand 

Government 2018b). The policy protects existing 

jobs and exploration and extraction rights: it does not 

cover the country’s 22 existing offshore exploration 

permits, and new onshore exploration permits can 

still be granted. As Prime Minister Jacinda Ardern 

highlighted, the policy aims to provide certainty for 

industry and communities to plan for the future, and 

to kick-start the managed transition (New Zealand 

Government 2018c).

The exploration ban fits within a wider, comprehen-

sive climate strategy that aligns demand, supply, 

and transition measures. In May 2019, the govern-

ment proposed legislation that would set a target of 

net-zero carbon emissions by 2050, and establish 

an independent climate change commission (New 

Zealand Government 2019a). Alongside this policy, 

the government has created a Just Transitions Unit to 

aid the transition process (MBIE 2018).

A key element of New Zealand’s climate strategy is 

supporting the Taranaki region as it transitions its 

economy away from fossil fuels. The government is 

investing NZD 20 million (USD 13 million) in local in-

frastructure and clean energy projects to diversify the 

region’s economy (New Zealand Government 2018d), 

and in 2019 it hosted a Just Transition Summit to 

discuss the steps needed to realize a low-emissions 

future (New Zealand Government 2019b). The govern-

ment has also helped the Taranaki region to develop a 

2050 Roadmap, co-designed with local communities 

and stakeholders (Venture Taranaki 2019).
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5.3. The role of subnational and non-state actors 

National governments are not acting alone to limit fossil 

fuel production and support a just transition. Many city 

and regional governments are putting in place policies to 

constrain fossil fuel supply, and help communities move 

into alternative economic development models. Dozens of 

municipalities, counties, and regional governments have, 

for example, enacted bans on hydraulic fracturing (Carter 

and Eaton 2016; KTWS 2018); subnational governments, 

such as Scotland and Alberta, were also among the first 

to announce just transition policies to support oil and 

coal workers, respectively (Government of Alberta 2017; 

Scottish Government 2018). 

Beyond governments, a range of other non-state actors 

are helping to facilitate the transition away from fossil 

fuel extraction, including companies, investors, trade 

unions, and civil society organizations. Through fossil fuel 

divestment campaigns and other efforts, civil society 

groups and investors have placed social, political, and 

economic pressure on governments and companies to 

move away from supporting fossil fuel production (Healy 

and Barry 2017). To date, more than USD 11 trillion in fossil 

fuel divestment pledges have been made by over 58,000 

individuals and more than 1,100 institutions (Fossil Free 

2019). 

Civil society has also been leading the call for govern-

ments and corporations to take action on fossil fuel 

supply. More than 500 non-governmental organizations, 

for instance, have signed the “Lofoten Declaration” calling 

for an end to fossil fuel development and the managed 

decline of existing production (The Lofoten Declaration 

2017). Collectively, campaigns like this are helping to 

change the discourse, norms, and attitudes around ongo-

ing fossil fuel production in a climate-constrained world 

(Cheon and Urpelainen 2018; Green 2018; Piggot 2018).

Fossil fuel companies could also play important roles 

in closing the production gap. A handful of fossil fuel 

companies are already moving their investments towards 

lower-carbon options. For example, in 2017, the Danish 

Oil and Natural Gas company (DONG) sold off its oil and 

gas business, and announced a name change to Ørsted to 

reflect its exit from the fossil fuel business (Spector 2017).  

While this is a step in the right direction, the industry as a 

whole has not yet signalled a commitment to a long-term 

transition away from fossil fuels, with only 1.3% of oil and 

gas companies’ total capital expenditures (USD 22 billion) 

invested in low-carbon energy since 2010 (Fletcher et al. 

2018). Historically, fossil fuel industry associations aiming 

to reduce emissions — such as the Oil and Gas Climate 

Initiative and IPIECA (the oil and gas industry association 

for environmental and social issues) — have primarily 

focused on improving the reporting and the emissions in-

tensity of production, rather than on limiting investments 

in projects that are incompatible with a 1.5°C or 2°C 

pathway (Carbon Tracker Initiative 2019b; Grant 2018). 

Going forward, these organizations could be instrumental 

in managing an orderly wind-down of fossil fuel produc-

tion by helping companies align their portfolios with Paris 

Agreement goals and by moving away from investments 

that could stand in the way of meeting the world’s climate 

change objectives.

While such actions by civil society, governments, and 

some businesses are promising, the shift away from fossil 

fuel production and use is not yet happening at the speed 

or magnitude needed to limit dangerous global warming 

(Muttitt et al. 2016). Greater ambition and coordination by 

state, subnational, and non-state actors will be required to 

align fossil fuel supply with Paris goals (Piggot et al. 2018). 

The next chapter details how the policies and initiatives 

outlined in this chapter might be scaled up internationally.
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6

Increasing  
international  
ambition and action

International cooperation can 
play a central role in efforts to 
wind down fossil fuel production.

The Paris Agreement provides 
key opportunities for countries 
to address fossil fuel production, 
including through the global 
stocktake, nationally determined 
contributions, financing, and 
long-term low greenhouse gas 
emission development strategies.

Drawing inspiration from models 
such as the Powering Past Coal 
Alliance, coalitions of leading 
actors can work together to raise 
ambition through joint targets 
and actions that align future 
fossil fuel production with global 
climate goals.  

International financial institutions 
can shift financial support away 
from fossil fuel production and 
towards low-carbon energy.

Ensuring an equitably managed 
decline in production is crucial to 
success.

Key Messages
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This chapter summarizes how the UN climate process and 

other international institutions and initiatives can help to 

catalyse supply-side ambition and action. We conclude by 

discussing the importance of ensuring an equitable tran-

sition away from fossil fuel production, and key consider-

ations that can support this effort.

6.1. Winding down fossil fuel supply through the 
UN climate change process

As the foremost international forum for climate action, the 

UN climate change process (under the UN Framework 

Convention on Climate Change, UNFCCC) is arguably 

well placed to address the linkages between fossil fuel 

production and climate policy (Piggot et al. 2018). Yet 

its consensus-based approach to decision-making also 

presents a challenge. Fossil fuels have historically been 

kept from the UN climate regime’s agenda (Depledge 

2008), with the 2015 Paris Agreement omitting any 

reference to fossil fuels. This omission reflects the 

concerns of major fossil-fuel-producing and exporting 

nations, whose governments have argued that they would 

face economic challenges if stronger climate action were 

to be taken (Chan 2016; van Asselt 2014).

There is a clear rationale for addressing fossil fuel supply 

through the UN climate regime, however. As discussed in 

Chapter 1, meeting the Paris Agreement’s goal of limiting 

the global average temperature to well below 2°C above 

pre-industrial levels — and pursuing efforts to stay below 

1.5°C — will require the vast majority of proven fossil fuel 

reserves to remain unburned (McGlade and Ekins 2015; 

Muttitt et al. 2016). Moreover, the Agreement aims to 

make finance flows consistent with a pathway towards 

low greenhouse gas (GHG) emissions and climate-resilient 

development. This will require the redirection of the ap-

proximately USD 1 trillion that is invested annually in new 

fossil fuel supply infrastructure (IEA 2018), and the USD 

24 billion to 70 billion that governments expend on fossil 

fuel production subsidies each year (Chapter 3).

Fossil fuel phase-out, fossil fuel subsidy reform, and 

divestment from fossil fuels also repeatedly emerged as 

topics in the 2018 Talanoa Dialogue, a process designed to 

enhance climate ambition through the UN climate regime. 

Inputs into the Dialogue underscore that addressing fossil 

fuel production “requires significantly more international 

cooperation, and wider and deeper engagement of key 

stakeholders” (UNFCCC Secretariat 2018, p.8). 

The Paris Agreement creates various new opportunities to 

integrate supply-side considerations into the UN climate 

change process (Piggot et al. 2018). Seven such avenues 

are discussed below. Importantly, given the relatively  

“bottom-up” nature of the Paris architecture, many of these 

are not dependent on international consensus, and could 

thus be pioneered by one country or a group of countries. 

6. Increasing international ambition and action
International cooperation plays an important role in catalysing supply-side policy. It can encourage 

countries to adopt more ambitious policies by offering assurances of collective action. That collective 

action can, in turn, increase policy effectiveness; since fossil fuels are traded internationally, sup-

ply-side measures are more effective when countries adopt them together. International cooperation 

can also increase momentum for domestic action by sending a clear signal to policymakers, inves-

tors, consumers, and civil society that the world is shifting towards a low-carbon future. And it can 

help ensure that such a transition takes place in an equitable way. 

Delegates gather in the Chamber Hall at the Bonn Climate Change 

Conference in May 2017. Photo by IISD/Kiara Worth (enb.iisd.org/climate/

sb46/enb/8may.html)
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Global stocktake 
Starting in 2023, and every five years thereafter, the Paris 

Agreement’s global stocktake will assess collective prog-

ress made towards the long-term goals of the treaty. The 

outcomes of this exercise should help Parties to the Paris 

Agreement strengthen their climate action and support, 

and increase overall ambition. Given the importance of 

addressing fossil fuel supply for meeting the Paris Agree-

ment’s objectives, the global stocktake could assess the 

extent to which countries and other actors are winding 

down fossil fuel production and limiting their support 

for extraction-related activities. This assessment could 

facilitate learning by highlighting Parties’ best practices 

and successes, as well as the barriers they faced while 

pursuing a wind-down of fossil fuel supply. Information to 

support such assessments could be sourced from Parties, 

scientific assessments (like those of the Intergovern-

mental Panel on Climate Change or IPCC), international 

organizations (like the International Energy Agency), and 

submissions from non-state actors. To assist in monitoring 

the alignment of fossil fuel production with Paris goals, 

Parties could voluntarily adopt extraction-based emis-

sions accounting — alongside the IPCC’s existing territori-

al emissions accounting approach, which is currently used 

in the climate change regime (Box 3.1).

Nationally determined contributions
Central to the achievement of the Paris Agreement’s long-

term goals is the requirement for Parties to communicate, 

every five years, their nationally determined contributions 

(NDCs) to climate action. Countries currently include a 

variety of emissions reduction targets and policies in their 

NDCs. They could add targets and measures to align their 

fossil fuel production with Paris goals (Piggot et al. 2018; 

Verkuijl, Jones, et al. 2019). This would help enhance the 

climate ambition of such plans and socialize the impor-

tance of taking both demand- and supply-side action. 

Countries could adopt a range of supply-side policies in 

this regard, including: moratoria on new fossil fuel infra-

structure; removal of subsidies for fossil fuel producers; 

fossil fuel production and export taxes; and divestment 

of public funds from fossil fuel holdings (See Chapter 

Box 6.1. Leakage and supply-side policy 

There is a popular misconception that reducing 

production in one location will simply lead to an 

equal amount being produced elsewhere — a game 

of “perfect substitution” that would, if true, negate 

the emission reductions and other benefits of sup-

ply-side actions (Roberts 2015). However, this argu-

ment of perfect substitution defies basic economics 

of supply and demand. If there is less available of a 

commodity — such as oil — its price will increase, 

meaning less of it will be consumed. In principle, 

limits to oil production in one area could be “undone” 

by coordinated increases elsewhere, such as by the 

Organization of the Petroleum Exporting Countries 

(OPEC). However, OPEC’s ability to effectively control 

production and, in turn, long-term prices, is limited 

and declining (Baffes et al. 2015; Van de Graaf 2017).

Using elasticities of supply and demand, we can 

gauge the extent of leakage and demonstrate the 

effectiveness of supply-side climate policy. The less 

fossil fuel producers are able to increase extraction 

in response to price increases (i.e. low supply elas-

ticity), the more effective a cut in fossil fuel supply 

becomes at reducing carbon dioxide emissions. For 

example, studies using elasticities from the econom-

ics literature have shown that for oil, each barrel 

left undeveloped in one region will lead to 0.2 to 0.6 

barrels not consumed globally over the longer term 

(Erickson et al. 2018). 

The same principles hold with demand-side policies 

as well. Energy efficiency policies, for example, can 

lead to lower fuel prices, somewhat diminishing their 

benefits. Therefore, reducing demand and supply in 

tandem — through linked policies and targets —  

offers the advantage of neutralizing the potential for 

leakage, and increasing the effectiveness of each 

type of policy. Indeed, a coalition of countries acting 

together to limit both demand and supply can coun-

teract global fossil fuel price change that could oth-

erwise undermine the effectiveness of their climate 

policies (Asheim et al. 2019).
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5). However, only two countries — India and Nigeria — 

currently include supply-side measures in their NDCs, 

according to an examination of NDCs from 57 of the top 

fossil-fuel-producing nations (Verkuijl, Jones, et al. 2019). 

The upcoming 2020 deadline for Parties to communicate 

new or updated NDCs offers an important window of 

opportunity for countries to include more supply-side ap-

proaches, as part of wider efforts to boost global climate 

ambition through these plans.

Long-term low-emissions development strategies
Long-term low GHG emission development strategies 

(LEDS) are national plans for transitioning to a low-

carbon economy by 2050. As part of the Paris outcome, 

Parties are invited to voluntarily submit such plans by 

2020. These plans typically include scenario planning 

and modelling to reduce territorial emissions, both in 

specific sectors and in the economy as a whole. They 

thereby play an important role in informing short- and 

medium-term action and in helping to provide political 

certainty regarding countries’ low-carbon development 

trajectories (Espinosa 2018). Alongside such information, 

countries could use their LEDS to map out their fossil 

fuel extraction and infrastructure development pathways 

over a longer time frame, in a way that is consistent with 

global climate goals, and meets the just transition needs 

of fossil-fuel-dependent workers and communities. The 

LEDS submitted so far (April 2019) by fossil-fuel producing 

countries do not include this information (Verkuijl, Jones, 

et al. 2019). However, incorporating supply-side planning 

into LEDS can help countries to avoid a more costly and 

disruptive transition away from fossil fuel extraction 

further down the line. It further sends a strong political 

signal that countries are considering the impacts of fossil 

fuel production in their climate change planning.

Transparency and reporting
The Paris Agreement established an enhanced transpar-

ency framework to help build confidence and improve im-

plementation of both climate action and support (Winkler 

et al. 2017). At the 2018 Katowice Climate Change Con-

ference, countries agreed to identify indicators to track 

progress towards the implementation of their respective 

NDCs. Such indicators can be qualitative or quantitative, 

and could include information such as the percentage 

of renewable energy use or production and the share of 

fossil fuel in primary energy consumption (UNFCCC 2018). 

In recognition of the importance of winding down fossil 

fuel production for meeting climate goals, Parties could 

also provide information on their current and projected 

fossil fuel production levels. The first such opportunity to 

do so under the new transparency framework will be in 

2024, when the first round of national “biennial transpar-

ency reports” is due. Countries could also report such 

information under the existing transparency framework, 

under which several reporting rounds are still anticipated. 

Moreover, in the review process, Parties can ask each 

other questions about the role of fossil fuel production in 

implementing and achieving NDCs.

Financing and capacity-building
In Article 2.1(c), the Paris Agreement aims to make finance 

flows consistent with a pathway towards low GHG emis-

sions and climate-resilient development. Discussions on 

how to put this objective in practice will offer a clear op-

portunity to discuss how to wind down support for fossil 

fuel production. The Paris Agreement further stipulates 

that developed country Parties shall provide financial re-

sources to assist developing country Parties with respect 

to both mitigation and adaptation. Governments and other 

funding agencies could support developing countries 

with just transition funds that help to retrain workers in 

fossil-fuel-dependent communities (Rosemberg 2017; 

UNFCCC 2016). In parallel, countries’ technical and insti-

tutional capacity to wind down fossil fuel extraction could 

be enhanced through UNFCCC Technical Expert Meetings 

and the Paris Committee on Capacity-building, and inter-

national coalitions such as the NDC Partnership and LEDS 

Global Partnership.

Forum on the impact of the implementation of 
response measures
Many countries are grappling domestically with the ques-

tion of how to plan a just and equitable transition away 

from fossil fuel production. With its focus on “economic 

diversification and transformation” and “just transition of 

the workforce, and the creation of decent work and quality 

jobs” (UNFCCC 2015), the UNFCCC’s forum on the impact 

of the implementation of response measures offers a plat-

form where relevant information, experiences, and best 

practices can be shared internationally (Jenkins 2019).

Showcasing action by subnational and local 
governments, civil society, businesses, and investors
Non-state actors and subnational authorities play a vital 

role in promoting a transition away from fossil fuel produc-

tion (Chapter 5). Parties, with the backing of the UNFCCC 

Secretariat, could expressly support and spotlight civil so-

ciety efforts to wind down extraction. For example, Parties 

could ensure that supply-side efforts taken by regions and 
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cities inform and strengthen national transition plans, and 

are reflected in NDCs and LEDS. The steps that subna-

tional governments, civil society, businesses, and investors 

are already taking to address fossil fuel supply could also 

feature more prominently in the work of the Marrakech 

Partnership for Global Climate Action, which currently 

focuses almost exclusively on demand-side approach-

es. They can also be shared through the Global Climate 

Action database and yearbook, which captures non-state 

and subnational climate commitments and progress.

6.2. Winding down fossil fuel supply through 
other institutions

The previous section details various ways in which the UN 

climate process can advance international cooperation 

on supply-side climate policies. But governments also can 

pursue various options to address fossil fuel production 

outside of the UNFCCC context.

First, international cooperation can be pursued through 

new coalitions. Several possible models exist in this 

regard. For instance, Harstad (2012) suggests that a coa-

lition of the willing could buy up and close high-cost coal 

fields through a system of tradable extraction rights. Build-

ing on this proposal, Collier and Venables (2014) suggest 

this could be financed through redirecting the economic 

rents from oil production. Richter et al. (2018) show that a 

coordinated coal tax adopted by a coalition of major coal 

producers or exporters could reduce emissions and leave 

these countries with welfare gains. While these contribu-

tions suggest that new supply-side-orientated coalitions 

may yield climate and economic benefits under certain 

conditions, it may be difficult to attract the participation of 

major fossil fuel producers from the start.

However, coalitions that have emerged in recent years 

show that they need not necessarily start with major fossil 

fuel producers and exporters. Instead, international coop-

eration “is likely to be contingent on a coalition of early- 

movers taking unilateral steps to limit or reduce fossil fuel 

supply (i.e. ‘leading by example’) and then persuading or 

incentivising other states to adopt similar restrictions” 

(Green and Denniss 2018, p. 83). Several initiatives have 

emerged that are arguably aimed at “socializing” other 

states to the idea of restricting fossil fuel supply (Green 

2018a). For instance, Anote Tong, then-President of the 

small island state Kiribati, proposed a “no new coal mines 

moratorium”, which was supported by several Pacific 

island nations (Pacific Island Development Forum 2015). 

Another example of a related, though demand-side-ori-

ented, coalition is the Powering Past Coal Alliance (PPCA), 

which aims to phase out existing coal-fired power plants. 

The PPCA quickly grew from an initiative by two coun-

tries — Canada and the United Kingdom — to a coalition 
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that includes more than 30 countries, as well as subna-

tional authorities and businesses. As noted in Chapter 

4, the Alliance now counts Germany, the world’s eighth 

largest coal producer, among its members. Its success in 

attracting participation is in part due to the low barriers 

for joining (Green 2018b; Jewell et al. 2019; Blondeel et al. 

forthcoming).

Ideas have also been put forward for new coalitions that 

would include commitments to restrict the supply of 

fossil fuels, such as a “fossil fuel non-proliferation treaty” 

(Newell and Simms 2019), “fossil fuel free zones” (Green 

2018c), and “supply-side NDCs” (Asheim et al. 2019). As 

fossil fuel infrastructure on the ground can be relatively 

easily observed via satellite, a key advantage of approach-

es such as these, compared to those targeting more 

abstract emissions reductions, is the ease with which 

commitments to address fossil fuel production can be 

monitored and verified (Green 2018b).

Second, international cooperation can take place through 

existing international forums (van Asselt 2014). A case 

in point is the issue of fossil fuel subsidies. The impetus 

for addressing such subsidies did not come from the UN 

climate process, but rather from high-level commitments 

by the G20, as well as capacity-building and informa-

tion-gathering activities by international organizations 

such as the International Monetary Fund, the World Bank, 

Table 6.1
Commitments by multilateral development banks to end fossil-fuel-extraction-related support. Unless otherwise noted, restrictions apply 

to direct financing but not indirect financing (e.g., via financial intermediaries).

Year Institution Policy Source

2009 Asian Develop-
ment Bank

Will not finance oil and gas exploration. Will not fund oil 
field development projects, but will consider supporting 
the development of “marginal and already proven” fields 
if economically sound. Will not directly finance coal mine 
development “except for captive use by power plant.”

https://www.adb.org/sites/default/
files/institutional-document/32032/
energy-policy-2009.pdf

2012 African Develop-
ment Bank

Will not finance oil and gas exploration. https://www.afdb.org/fileadmin/up-
loads/afdb/Documents/Policy-Docu-
ments/Energy_Sector_Policy_of_the_
AfDB_Group.pdf

2013 World Bank 
Group

Will only finance coal mining in “rare circumstances”. http://documents.worldbank.org/cu-
rated/en/745601468160524040/pd-
f/795970SST0SecM00box377380B-
00PUBLIC0.pdf

2017 World Bank 
Group

Will not provide direct financing for upstream (explo-
ration and production of) oil and gas after 2019. (In ex-
ceptional circumstances, consideration will be given to 
financing upstream gas in the poorest countries, where 
there is a clear benefit in terms of energy access for the 
poor and where the project fits within the countries’ 
Paris Agreement commitments.)

https://www.worldbank.org/en/
news/press-release/2017/12/12/
world-bank-group-announcements-
at-one-planet-summit

2018 European Bank 
for Reconstruc-
tion and Develop-
ment

Will not finance thermal coal mining or coal-fired elec-
tricity generation capacity, any upstream oil exploration, 
or upstream oil development projects except in “rare 
and exceptional” circumstances, where the projects 
reduce GHG emissions or flaring.

https://www.ebrd.com/power-and-
energy/ebrd-energy-sector-strategy.pdf 

2019 European Invest-
ment Bank

Energy lending policy phases out direct and indirect 
financing of energy projects reliant on fossil fuels by 
2021. This includes upstream oil or gas production, coal 
mining, and infrastructure dedicated to coal, oil, and 
natural gas.

https://www.eib.org/en/press/
all/2019-313-eu-bank-launches-
ambitious-new-climate-strategy-and-
energy-lending-policy
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and the Organisation for Economic Co-operation and 

Development (Van de Graaf and Blondeel 2018). Reflect-

ing the broader sustainable development benefits of fossil 

fuel subsidy reform, all countries have now agreed to take 

action through the adoption of Sustainable Development 

Goal (SDG) Target 12.c (UN General Assembly 2015). 

Other international institutions, such as the World Trade 

Organization, could further contribute to supporting such 

reform efforts by negotiating new rules that discipline fos-

sil fuel production subsidies that also distort international 

trade, or by improving transparency (Verkuijl, van Asselt, 

et al. 2019).

Third, nation states, acting through international financial 

institutions, can shift financial support away from fossil 

fuel production. Some development banks have already 

taken steps in this direction. The World Bank Group, for 

instance, announced in 2017 that it would end its direct 

financial support for upstream oil and gas, following a 

similar commitment for coal mining. Similar commitments 

have also been made by several other multilateral devel-

opment banks (Table 6.1). To help developing countries 

meet their energy needs, this would require support for 

low-carbon energy to be scaled up in parallel.

6.3. Toward an equitably managed decline in 
fossil fuel extraction

While climate equity has long been debated with respect 

to fossil fuel consumption (Fleurbaey et al. 2014; Gardiner 

et al. 2010), the study of equity impacts is more nascent 

when it comes to fossil fuel production (Bradley et al. 

2018; Caney 2016; Green and Gambhir 2019; Kartha et 

al. 2016, 2018; Le Billon and Kristoffersen 2019; Lenfer-

na 2018). However, the equity issues raised by reducing 

fossil fuel production are no less consequential than those 

raised by reducing demand. If fossil fuel production is to 

decline at a rate commensurate with meeting the Paris 

goals (Chapter 2), millions of workers who are directly 

involved in extracting fossil fuels would need to shift to 

different jobs. Communities economically dependent 

on fossil fuel production-related activities would have to 

sustain their livelihoods in new ways. Provision of afford-

able, reliable, and modern energy might, in some cases, 

become more difficult. National economies that are 

fuelled by domestic fossil resources would need to shift 

to alternative resources. And governments that depend 

heavily on revenues from domestic fossil fuel extraction 

would need to diversify and develop alternatives for fund-

ing public services.

These equity consequences are not only compelling 

from a moral standpoint but are politically important 

as well. Climate change is a commons problem, and 

an effective response requires global engagement and 

widespread cooperation that is robust enough to support 

a major global transformation. This is unlikely if the path 

forward is not broadly seen as fair by the nations whose 

participation is needed. 

Insights from the transitions literature can help to inform 

how these equity questions might be fairly addressed 

(Muttitt and Kartha forthcoming). A country’s ability to 

phase out extraction while meeting the needs of workers 

and communities depends in part on the scale of the 

transition required and the capacity for support. Coun-

tries or regions where a transition would be least socially 

disruptive could thus be best positioned to take the lead 

by winding down extraction earlier and faster. 

A country’s ability to wind down production also depends 

on the resources (financial and otherwise) available to 

support a smooth transition, which may be limited in 

lower-income producing countries. Since the costs of 

prematurely winding down extraction are incurred partly 

for the global common good, an equitable approach 

would ensure such countries are supported international-

ly. Importantly, this support should not be for the purpose 

of compensating for foregone revenues, but rather for 

aiding in economic diversification and for ensuring a just 

transition for communities and workers. 

It is important not to ignore the fact that winding down ex-

traction can also come with significant domestic benefits. 

Extraction and processing can be associated with deeply 

inequitable impacts, often in the form of human rights vio-

lations and local ecological damage (Amnesty Internation-

al 2016, 2017; Rowell et al. 2005). An approach to aligning 

climate and equity considerations could thus be to link 

the wind-down of fossil fuel extraction with human rights 

and environmental agreements, by prioritizing the winding 

down of production in the places where human rights and 

environmental concerns are greatest.

Political economic factors will undoubtedly result in pres-

sure to set aside these equity considerations. However, 

in the words of the Intergovernmental Panel on Climate 

Change (IPCC 2014, p. 5), outcomes “seen as equitable 

can lead to more effective cooperation”. 
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In summary, winding down fossil fuel supply is an import-

ant step towards achieving international climate change 

goals. International cooperation can play a key role in 

catalysing such efforts. Within the UN climate change 

process, the Paris Agreement creates various new oppor-

tunities to support supply-side efforts through enhanced 

transparency, ambition, and learning. Looking beyond the 

UN climate regime, supply-side action can also be sup-

ported through new coalitions, and existing international 

processes and institutions. Inspiration can be drawn from 

initiatives such as the Powering Past Coal Alliance, as well 

as international commitments to address fossil fuel subsi-

dies. Ultimately, such efforts will be most likely to succeed 

if they are deemed to be fair and equitable. Internationally 

agreed temperature limits, insights from the transitions 

literature, and existing human rights and environmental 

agreements can offer a starting point for informing this 

challenging — but urgent — task.

Tung Bua Tong Mexican sunflower field in Mae Moh Coal Mine, Lampang Province, Thailand.
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Foreword 
In this report, the Committee on Climate Change recommends a new emissions target for the 
UK: net-zero greenhouse gases by 2050.  

Our recommendation emerges clearly from the extensive evidence presented here for the first 
time. We have reviewed the latest scientific evidence on climate change, including last year’s 
IPCC Special Report on Global Warming of 1.5°C, and considered the appropriate role of the UK 
in the global challenge to limit future temperature increases. We have built a new 
understanding of the potential to achieve deep emissions reduction in the UK and made a fresh 
appraisal of the costs and benefits to the UK economy of doing so.  

We conclude that net-zero is necessary, feasible and cost-effective. Necessary – to respond to 
the overwhelming evidence of the role of greenhouse gases in driving global climate change, 
and to meet the UK’s commitments as a signatory of the 2015 Paris Agreement. Feasible – 
because the technologies and approaches that will deliver net-zero are now understood and can 
be implemented with strong leadership from government. Cost effective – because falls in the 
cost of key technologies permit net-zero within the very same costs that were accepted as the 
likely costs by Parliament in 2008 when it legislated the present 2050 target.  

This is the continuation of an important journey in the UK. In 2003, the UK pursued a target to 
reduce CO2 emissions by 60% from 1990 levels on the understanding it would carry a cost of 0.5 
- 2.0% of GDP in 2050. In 2008, on the advice of this Committee, Parliament moved to an 80% 
target for all greenhouse gases, accepting that the costs were between 1-2% of GDP in 2050. 
Now, our analysis demonstrates that we can adopt an even more ambitious target, within the 
same cost envelope as before.  

But net-zero is a more fundamental aim than previous targets. By reducing emissions produced 
in the UK to zero, we also end our contribution to rising global temperatures. That this outcome 
is now within reach is testament to the UK’s progress – deploying new solutions, learning by 
doing, driving costs down, as required by the Climate Change Act. The Act was the world’s first 
legally-binding framework for tackling climate change and it remains one of the strongest in 
the world to this day. Committing to net-zero will reaffirm the Act’s strength, but it is essential 
that the commitment is comprehensive, achieved without use of international credits and 
covering international aviation and shipping.  

Climate change is a global issue and UK leadership is a strong theme of our advice. UK emissions 
now constitute only a small proportion of the global total, but those who say the UK’s actions no 
longer matter are wrong. Every tonne of carbon counts, wherever it is emitted. In setting a net-
zero target, the UK will be among a small group of countries handling climate change with 
appropriate urgency. The new target meets fully the requirements of the Paris Agreement, 
including the stipulation of ‘highest possible ambition’, and sets the standard for the EU and 
other developed countries as they consider their own pledges to the global effort. 

It is right that the UK takes a lead on this issue. We have played a major part in the battle against 
global climate change to date. The UK is one of the largest historical contributors to climate 
change. And there is the prospect of real benefits to UK citizens: cleaner air, healthier diets, 
improved health and new economic opportunities from clean growth. 

All of this rests, however, on more than a new target. Our advice is offered with the proviso that 
net-zero is only credible if policies are introduced to match. Existing ambitions must be delivered 
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in full, challenges that have so far been out of scope must now be confronted. The UK must 
make firm plans for housing and domestic heat; for industrial emissions; carbon capture and 
storage; road transport; agriculture; aviation and shipping. There is a manageable cost to 
tackling these challenges, and the lesson of the last decade is that costs fall when there is a 
concerted effort to act. 

More and more we understand the importance of policies made outside of Westminster. How 
housing and transport needs are met in our towns and cities, or how the natural environment is 
managed in each area of the UK. Achieving net-zero overall requires an integrated set of 
policies throughout the UK, which make the most of the attributes of each of the UK nations. 
The Governments of Scotland, Wales and Northern Ireland must make full use of the policy 
levers available to them and work with the UK Government on UK-wide plans. 

We have assessed the contribution that Wales and Scotland can make to net-zero in the 
UK, under their respective statutory frameworks. In Wales, we recommend a 95% reduction 
in greenhouse gases by 2050. In Scotland, we recommend a net-zero date of 2045, 
reflecting Scotland’s greater relative capacity to remove emissions than the UK as a whole. 
These are tough, but achievable targets, in line with the UK net-zero target. 

This is the most thorough assessment my Committee could compile; our recommendations the 
most robust we can offer. My sincere thanks to the brilliant team who have helped us reach 
these conclusions.  

I urge the governments of the UK, in London, Edinburgh, Cardiff to consider our advice carefully 
and legislate for these new targets as swiftly as possible. We must now increase our ambition to 
tackle climate change. The science demands it; the evidence is before you; we must start at once; 
there is no time to lose. 

The Rt Hon. the Lord Deben, Chairman 
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The UK should set and vigorously pursue an ambitious target to reduce greenhouse gas 
emissions (GHGs) to 'net-zero' by 2050, ending the UK's contribution to global warming within 
30 years. 

Reflecting their respective circumstances, Scotland should set a net-zero GHG target for 2045 
and Wales should target a 95% reduction by 2050 relative to 1990. 

A net-zero GHG target for 2050 will deliver on the commitment that the UK made by signing the 
Paris Agreement. It is achievable with known technologies, alongside improvements in people's 
lives, and within the expected economic cost that Parliament accepted when it legislated the 
existing 2050 target for an 80% reduction from 1990. 

However, this is only possible if clear, stable and well-designed policies to reduce emissions 
further are introduced across the economy without delay. Current policy is insufficient for even 
the existing targets. 

A net-zero GHG target for 2050 would respond to the latest climate science and fully meet the 
UK's obligations under the Paris Agreement: 

• It would constitute the UK's 'highest possible ambition', as called for by Article 4 of the Paris
Agreement. The Committee do not currently consider it credible to aim to reach net-zero
emissions earlier than 2050.

• It goes beyond the reduction needed globally to hold the expected rise in global average
temperature to well below 2°C and beyond the Paris Agreement's goal to achieve a balance
between global sources and sinks of greenhouse gas emissions in the second half of the
century.

• If replicated across the world, and coupled with ambitious near-term reductions in emissions,
it would deliver a greater than 50% chance of limiting the temperature increase to 1.5°C.

Now is a crucial time in the global effort to tackle climate change, with revised pledges of effort 
currently being considered ahead of the UN climate summit in late-2020. An ambitious new UK 
target would encourage increases in ambition elsewhere, including the adoption of other net-
zero GHG targets, such as the 2050 target currently under consideration by the European Union. 

In committing to a net-zero GHG target, Parliament must understand that, while many of the 
policy foundations are in place, a major ramp-up in policy effort is now required: 

• The foundations are in place. Policy development has begun for many of the components
needed to reach net-zero GHG emissions: low-carbon electricity (which must quadruple its
supply by 2050), efficient buildings and low-carbon heating (needed throughout the
building stock), electric vehicles, carbon capture and storage (CCS), diversion of
biodegradable waste from landfill, phase-out of fluorinated gases, increased afforestation
and measures to reduce emissions on farms. These policies must be strengthened and they
must deliver action.

• A net-zero GHG target is not credible unless policy is ramped up significantly. Most
sectors will need to reduce emissions close to zero without offsetting; the target cannot be
met by simply adding mass removal of CO2 onto existing plans for the 80% target.

‒ Delivery must progress with far greater urgency. Many current plans are insufficiently
ambitious; others are proceeding too slowly, even for the current 80% target: 

 2040 is too late for the phase-out of petrol and diesel cars and vans, and current
plans for delivering this are too vague.

534  



12    Net Zero - The UK's contribution to stopping global warming   |   Committee on Climate Change 

 Over ten years after the Climate Change Act was passed, there is still no serious plan
for decarbonising UK heating systems and no large-scale trials have begun for either
heat pumps or hydrogen.

 Carbon capture (usage) and storage, which is crucial to the delivery of zero GHG
emissions and strategically important to the UK economy, is yet to get started. While
global progress has also been slow, there are now 43 large-scale projects operating
or under development around the world, but none in the UK.

 Afforestation targets for 20,000 hectares/year across the UK nations (due to increase
to 27,000 by 2025), are not being delivered, with less than 10,000 hectares planted
on average over the last five years. The voluntary approach that has been pursued so
far for agriculture is not delivering reductions in emissions.

‒ Challenges that have not yet been confronted must now be addressed by 
government. Industry must be largely decarbonised, heavy goods vehicles must also 
switch to low-carbon fuel sources, emissions from international aviation and shipping 
cannot be ignored, and a fifth of our agricultural land must shift to alternative uses that 
support emissions reduction: afforestation, biomass production and peatland restoration. 
Where there are remaining emissions these must be fully offset by removing CO₂ from 
the atmosphere and permanently sequestering it, for example by using sustainable 
bioenergy in combination with CCS. 

‒ Clear leadership is needed, right across Government, with delivery in partnership 
with businesses and communities. Emissions reduction cannot be left to the energy 
and environment departments or to the Treasury.1 It must be vital to the whole of 
government and to every level of government in the UK. Policies must be fully funded 
and implemented coherently across all sectors of the economy to drive the necessary 
innovation, market development and consumer take-up of low-carbon technologies, and 
to positively influence societal change. 

• Overall costs are manageable but must be fairly distributed.

‒ There have been rapid cost reductions during mass deployment for key technologies
(e.g. offshore wind and batteries for electric vehicles). As a result, we now expect that a 
net-zero GHG target can be met at an annual resource cost of up to 1-2% of GDP to 
2050, the same cost as the previous expectation for an 80% reduction from 1990. 

‒ The transition, including for workers and energy bill payers, must be fair, and perceived 
to be fair. Government should develop the necessary frameworks to ensure this. An early 
priority must be to review the plan for funding and the distribution of costs for 
businesses, households and the Exchequer.  

The background for this report is one of increased awareness of climate risks and falling low-
carbon technology costs, but where global emissions continue to rise: 

• Global average temperature has already risen 1°C from pre-industrial levels and climate risks
are increasingly apparent. The Special Report of the Intergovernmental Panel on Climate
Change (IPCC) in October 2018 emphasised the critical importance of limiting further

1 i.e. the Department for Business, Energy and Industrial Strategy (BEIS); the Department for Environment, Food and 
Rural Affairs (Defra); and HM Treasury (HMT). 
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warming to as low a level as possible and the need for deep and rapid reductions in 
emissions to do so. 

• Current pledges of effort from countries across the world would lead to warming of around 
3°C by the end of the century. This is an improvement on the warming of over 4°C expected 
when the UK Climate Change Act was passed, but it is well short of the Paris Agreement's 
long-term goal to limit the rise to well below 2°C and to pursue efforts to 1.5°C. 

• While the UK has demonstrated that it is possible to cut emissions while growing the 
economy, global emissions continue to rise. 

• However, falling costs for key technologies mean that the future will be different from the 
past: renewable power (e.g. solar, wind) is now as cheap as or cheaper than fossil fuels in 
most parts of the world. 

This report responds to a request from the Governments of the UK, Wales and Scotland, asking 
the Committee to reassess the UK's long-term emissions targets.2 The UK Government has 
already committed to reducing UK emissions to net-zero3 - the key question for this report is by 
when. 

We do not start from an assumption that the world will meet the Paris Agreement's temperature 
goal. Instead, we have sought to identify a UK target that is within reach and best supports an 
increase in global effort, consistent with bringing the expected temperature rise down from the 
current trajectory. Success will bring huge benefits for the world and for the UK by limiting some 
of the worst climate risks.  

In developing our advice we have consulted widely, issued a public Call for Evidence, and 
compiled an extensive evidence base. Our new emissions scenarios draw on ten new research 
projects, three expert advisory groups, and reviews of the work of the IPCC and others. 

We also make recommendations for the statutory frameworks in Scotland and Wales, which are 
contingent on the UK adopting a net-zero GHG target for 2050, given the importance of 
reserved UK policy levers alongside devolved action. The key recommendations are set out in 
Box 1 and Figure 1 summarises how the evidence has informed our advice. 

The rest of this summary addresses the questions posed in the governments' request, along with 
next steps and conclusions. It is set out in seven sections: 

1. Is now the right time to set a net-zero target? 
2. Should the net-zero target be for CO₂ or all GHGs? 
3. When should the UK reach net-zero GHGs and what should the long-term targets be for the 
UK, Scotland and Wales? 
4. How can the UK reach net-zero GHGs? 
5. What are the expected costs and benefits of a UK net-zero GHG target for 2050? 
6. Next steps 
7. Conclusion 

 

  

                                                           
2 In the absence of a Minister, Northern Ireland officials indicated their support for the advice being sought. 
Northern Ireland does not currently have its own long-term target for emissions, but is included within UK targets. 
3 www.parliament.uk/business/publications/written-questions-answers-statements/written-
question/Commons/2016-04-18/34423/ 
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Figure 1. The analysis in this report supports the setting of a UK net-zero GHG target for 2050 

Notes: Sweden and Norway allow offsetting towards their targets; California have not been explicit that their 
target covers all GHGs or whether offsetting will be allowed (see Table 2). 

(-95%)

(2045)

(-95%)

2045
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Box 1. Recommendations on revising the UK's long-term emissions targets 

• The UK should legislate as soon as possible to reach net-zero greenhouse gas emissions by
2050. The target can be legislated as a 100% reduction in greenhouse gases (GHGs) from 1990 and
should cover all sectors of the economy, including international aviation and shipping.

• The aim should be to meet the target through UK domestic effort, without relying on
international carbon units (or ‘credits’).

• This target is only credible if policy to reduce emissions ramps up significantly.

‒ The target can only be delivered with a strengthening of policy to deliver emissions 
reductions across all levels and departments of government. This will require strong 
leadership at the heart of Government.  

‒ Policies must be designed with businesses and consumers in mind. They must be stable, 
long-term and investable. The public must be engaged, and other key barriers such as low 
availability of necessary skills must be addressed.  

‒ In this report, we highlight particular priorities where progress has been too slow: low-
carbon heating, hydrogen, CCS and agriculture and land use. As well as driving 
deployment, Government must ensure that the necessary infrastructure is delivered. 

• HM Treasury should undertake a review of how the transition will be funded and where the costs
will fall. It should develop a strategy to ensure this is, and is perceived to be, fair. A broader strategy
will also be needed to ensure a just transition across society, with vulnerable workers and
consumers protected.

• The UK can benefit from the international influence of setting a bolder target, using it as an
opportunity for further positive international collaboration.

• Wales has less opportunity for CO2 storage and relatively high agricultural emissions that are hard
to reduce. On current understanding it could not credibly reach net-zero GHGs by 2050. Wales
should set a target for a 95% reduction in emissions by 2050 relative to 1990.

• Scotland has proportionately greater potential for emissions removal than the UK overall and can
credibly adopt a more ambitious target. It should aim for net-zero greenhouse gas emissions by
2045. Interim targets should be set for Scottish emissions reductions (relative to 1990) of 70% by
2030 and 90% by 2040.
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1. Is now the right time to set a net-zero target?
A net-zero target requires deep reductions in emissions, with any remaining sources offset by 
removals of CO₂ from the atmosphere (e.g. by afforestation). Net emissions, after accounting for 
removals, must be reduced by 100%, to zero. 

The Paris Agreement (Article 4) includes an objective in order to achieve its long-term 
temperature goal, which is widely interpreted as requiring net-zero GHG emissions globally in 
the second half of the century (expressed as 'a balance between anthropogenic emissions by 
sources and removals by sinks'). The UK Government has also recognised the need to reach net-
zero GHG emissions in the UK, a position with which the Committee agreed in our 2016 report 
on UK climate action following the Paris Agreement. 

In 2016 we advised that the Government should not set a net-zero target at that time, but 
should instead keep a target under review as the evidence develops. We now conclude that the 
evidence supports setting a net-zero target in the UK and that this evidence is robust: a net-zero 
target should now be set. 

It is also an important moment for the UK to make a positive international impact. 

• Globally, current pledges of effort do not go far enough. The Paris Agreement began a
process of ratcheting up climate ambition, with the intention of closing the gap to pathways
consistent with the long-term temperature goal. Parties to the Agreement are currently
developing revised pledges, which need to be submitted next year. Setting a net-zero target
for greenhouse gases (GHGs) in 2050 in the UK would send a strong signal to support
increasing ambition in those pledges.

• The UK published its plans for meeting existing GHG targets in 2017. Although the Clean
Growth Strategy does not fully close the policy gap to the UK’s existing carbon budgets, it
represents a material step forward in the UK’s approach to emissions reduction. Intentions
set out in the Clean Growth Strategy still need to be backed up by detailed policy designs in
many cases, but they cover most of the areas where action is needed to deliver a net-zero
target and the strategy continues to offer an appropriate framework for action.

The UK can credibly adopt a higher ambition now, which can help influence those countries 
considering increased effort in the future. 

2. Should the net-zero target be for CO₂ or all GHGs?
All greenhouse gases (GHGs) contribute to climate change and must be reduced substantially to 
meet the Paris temperature goal. To stabilise global temperatures, emissions of long-lived gases 
like CO₂ must be reduced to net-zero. Emissions of short-lived gases like methane must be 
stabilised, but need not reach net-zero. 

We develop scenarios in this report that reduce UK emissions of CO₂ and other long-lived gases 
to net-zero. Alongside cuts in methane emissions these would result in a UK reduction across 
greenhouse gases of around 97% relative to 1990.4 This would end the UK's contribution to 
rising global temperatures. 

4 With different gases weighted using the 'GWP100' metric, in line with international convention and recognising 
changes to those weightings proposed in the IPCC's work. 
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Rather than set a 97% target that leaves a small residual amount of emissions, and recognising 
that there are options available to reduce emissions further, we recommend that the UK sets a 
net-zero target for all greenhouse gases (i.e. a 100% reduction from 1990 levels): 

• This would align to the requirement for a balance between sources and sinks of GHGs in the
Paris Agreement.

• It would send a much stronger signal internationally. Other climate leaders, including the EU,
are considering targets for net-zero emissions for all GHGs. If the UK were to adopt a weaker
ambition it could undermine these negotiations.

• Within the UK, a 100% all-GHG target sends a clear signal that all greenhouse gases matter
and all need to be reduced. No sources of emissions can qualify for special treatment. All
emissions from all sectors must be eliminated or offset with removals.

As we set out below, there are compelling reasons to expect the UK to go beyond what is 
required from the world overall. A net-zero target for all GHGs would imply that the UK will be 
actively reducing its large historical contribution to global warming.  

3. When should the UK reach net-zero GHGs and what should the long-
term targets be for the UK, Scotland and Wales? 
The Governments asked for advice on when the UK should achieve a net-zero GHG target and on 
what the long-term emissions targets should be for the UK, Scotland and Wales. 

• UK. We recommend that the UK should achieve net-zero GHG emissions by 2050 (i.e. a 100%
reduction from 1990). This would be an appropriate UK contribution to the Paris Agreement.
Based on our current understanding, it is the latest date for the UK credibly to maintain its
status as a climate leader and the earliest to be credibly deliverable alongside other
government objectives.

• Scotland (Box 2) has different capabilities, notably its larger land area per person and its
significant CO2 storage potential, meaning it can credibly reach net-zero GHGs earlier. We
recommend that Scotland legislates for net-zero GHGs in 2045.

• Wales (Box 3) has less opportunity for CO2 storage and relatively high agricultural emissions
that are hard to reduce. On current understanding it could not credibly reach net-zero GHGs
by 2050. We recommend it sets a target for a 95% reduction in emissions by 2050 relative to
1990. This would still cut Welsh net emissions of long-lived greenhouse gases to below zero
and therefore end Wales's contribution to rising global temperatures.

Our rationale is set out in Boxes 2 and 3 and in the following three sub-sections: 

(a) An appropriate contribution to the Paris Agreement 
(b) A target in line with other climate leaders 
(c) A target that is achievable in the UK 
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Box 2. Recommendations on revising the long-term emissions targets for Scotland 

• Background. Scotland currently has a target to reduce emissions of all greenhouse gases
including international aviation and shipping by at least 80% by 2050, relative to 1990. The target
was set in the Climate Change (Scotland) Act (2009) and is under review in a new Climate Change
Bill currently being considered by the Scottish Parliament.

• Recommendation. The Scottish Government should legislate to reach net-zero greenhouse gas
emissions by 2045. The target can be legislated as a 100% reduction in GHGs from 1990 and should
cover all sectors of the economy, including international aviation and shipping.

• Interim targets. The Scottish Climate Change Bill also requires interim targets. We recommend
these are set for a 70% reduction by 2030 and a 90% reduction by 2040 against the 1990 baseline.
Scotland should not adjust its 2020 target.

• A fair share. These targets represent Scotland's fair contribution to the recommended UK target
and hence to the Paris Agreement. They do not imply higher policy ambition or effort, but reflect
the excellent opportunities to remove CO₂ from the atmosphere through afforestation and carbon
capture and storage in Scotland.

• Contingent on UK ambition. These targets are contingent on the UK adopting our recommended
2050 net-zero GHG target. Scotland cannot deliver net-zero emissions by 2045 through devolved
policy alone. It will require both UK-wide and Scottish policies to ramp up significantly. If the UK
does not commit to a net-zero GHG target for 2050 then Scotland may need to revise its target.

• A just transition. The new Scottish Just Transition Commission has an important role to help plan
and deliver a just transition across Scotland that protects vulnerable workers, consumers and rural
and island populations.

Box 3. Recommendations on revising the long-term emissions targets for Wales 

• Background. Wales has a target to reduce emissions of all greenhouse gases including
international aviation and shipping by at least 80% by 2050, relative to 1990. The target was set in
the Environment (Wales) Act (2016).

• Recommendation. The Welsh Government should legislate for at least a 95% reduction in all
greenhouse gas emissions against the 1990 baseline by 2050. The new target could enter
legislation in 2020, alongside Wales’s third carbon budget. Achieving this target would cut net
emissions of long-lived greenhouse gases to below zero (the remaining 5% would be methane
emissions), ending Wales's contribution to rising global temperatures.

• A fair share. This target represents Wales's fair contribution to the UK target and hence to the Paris
Agreement. It does not imply lower policy ambition or effort in Wales, but reflects the large share
of agriculture emissions in Wales and lower access to suitable sites to store captured CO₂.

• Contingent on UK ambition. This target is contingent on the UK adopting our recommended
2050 net-zero GHG target. A 95% reduction target in Wales cannot be delivered through devolved
policy alone, and will require both UK-wide and devolved policies to ramp up significantly. If the UK
does not commit to a net-zero GHG target for 2050 then Wales may need to set a looser target.

• A just transition. Our recommendation is consistent with the Well-being of Future Generations
(Wales) Act (2015). Actions to reduce emissions can deliver significant benefits against Wales's
global responsibility, resilience, health and prosperity well-being goals. A just transition must be in
place to ensure a more equal Wales with cohesive communities is delivered.
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(a) An appropriate contribution to the Paris Agreement 

The Paris Agreement aims to limit the increase in global average temperature to well below 2°C 
and to pursue efforts to limit the rise to 1.5°C. The Agreement makes clear it should be 
'implemented to reflect equity', with an expectation that developed countries should continue 
to take the lead. 

Notably, the Paris Agreement shifted from the top-down approach of the previous Kyoto 
Agreement to a bottom-up approach, in which parties are required to determine their own 
national contributions and successively increase them to reflect their 'highest possible ambition'. 
This has led the Committee to reconsider our approach to assessing an appropriate UK 
contribution: 

• The Committee's 2008 advice on the UK's current 2050 emissions target reflected a 
judgement that it was 'difficult to imagine' a global deal where UK per capita emissions were 
significantly above the global average in 2050. The UK's current target for at least an 80% 
reduction in emissions from 1990 by 2050 was therefore based on an equal per capita share 
of global emissions in 2050 for the pathways that the Committee analysed in 2008. 

• However, we do not believe an equal per capita share of emissions in 2050 would be a 
sufficient contribution to the Paris Agreement, given its emphasis on equity and given the 
UK's capability to go further.  

‒ Equity. The UK has a significant carbon footprint attached to imported products, for 
which the emissions are counted in other countries. The UK also has large cumulative 
historical emissions of CO2: despite only making up 1% of global population, 2-3% of 
human-induced global warming to date has resulted from GHG emissions in the UK. It is a 
high-income economy. These characteristics are often cited as reasons for countries to 
adopt tighter targets as their equitable contribution.  

‒ Capability. UK per capita emissions are close to the global average and falling, while 
global emissions are rising. The UK has strong established governance processes to tackle 
GHG emissions (i.e. the Climate Change Act) and a track record of being a leader in policy 
development in key emitting sectors (e.g. energy market reform). More broadly, the UK's 
higher income suggests more capacity to act, while its population is generally supportive 
of well-designed action to cut GHG emissions. 

We therefore consider that an appropriate UK contribution to the Paris Agreement in 2050 
should go beyond what is required for the world overall. 

A net-zero GHG target for the UK (i.e. a 100% reduction in emissions) would go beyond per 
capita emissions reductions in global pathways that are necessary to limit temperature rise to 
well below 2°C and would be towards the high end of the estimated range of necessary 
reductions for a limit of 1.5°C (Table 1).  
 

 

 

542  



20    Net Zero - The UK's contribution to stopping global warming   |   Committee on Climate Change 

Table 1. Per capita emissions compatible with the Paris Agreement temperature goal 

Well below 2°C 1.5°C 

Global 2050 GHG emissions per person 
(tCO2e/year) 

0.8 - 3.2 -0.4 - 1.7 

Equivalent reduction in total UK GHG emissions 
from 1990 for same per capita emissions - the 
UK should go beyond the global average 

72% - 93% 85% - 104% 

Source: IPCC SR1.5 scenario database. 
Notes: The range shown is the minimum and maximum across the full range of the IPCC scenario groupings with 
a >66% probability of warming below 2°C and a >50% probability of 1.5°C with no or low overshoot. CO2e refers 
to aggregation of different greenhouse gases to a CO2-equivalent basis using GWP100 values from the IPCC 4th 
Assessment Report. 

(b) A target in line with other climate leaders 

The UK is currently a climate leader. It has international credibility in the climate arena built on a 
strong record of fulfilling its obligations and robustly tackling its own emissions. This leadership 
matters: UK activities support the implementation of the Paris Agreement and help other 
countries to increase their own ambition and action. 

• Leading by example. The Climate Change Act set the world's first legally-binding long-term
emissions target, with a supporting framework to deliver it - it has been the model for
climate legislation in many other countries. The UK also trialled the first major emissions
trading scheme - a pilot for the EU Emissions Trading System (EU ETS). More broadly, the UK
has demonstrated that a major nation can reduce its emissions (down over 40% from 1990 to
2018) while growing its economy (GDP grew over 70% from 1990 to 2018).

• Diplomacy and capacity building. The UK has consistently played an important and
positive role in climate negotiations: in the UN, in the EU and in the international aviation
and shipping agencies (ICAO and IMO). It has also launched (with Canada) the Powering Past
Coal Alliance and helped initiate the High Ambition Coalition. The UK Foreign and
Commonwealth Office has run sustained climate engagement activities for over a decade to
support other countries on the politics, economics and practicalities of tackling climate
change.

• Technology development. The UK has taken a lead role in the development and
deployment of some of the key low-carbon technologies. For example, becoming the largest
market for offshore wind in the world, driving down costs through deployment. Such
developments can now support decarbonisation elsewhere, at these low costs.

• Climate finance. The UK, through the aid budget, spends around £1 billion a year on climate
finance activities. A recent performance review by the Independent Commission for Aid
Impact reports that the UK positively influences the international agencies it engages with
and increasingly contributes to transformational impact.5

5 ICAI (2019) International Climate Finance: UK aid for low-carbon development. A performance review. 
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Setting and pursuing a UK net-zero GHG target for 2050 will confirm the UK as a leader among 
the developed countries on climate action. It demonstrates important principles of including 
emissions from all greenhouse gases and all sources (i.e. including international aviation and 
shipping), not relying on international offsetting and targeting 'highest possible ambition'. 
Crucially it would be supported by the strong statutory emissions framework of the Climate 
Change Act.  

Other climate leaders (e.g. the European Union, Sweden, France, California) have set or are 
considering net-zero GHG targets by 2050 or before (Table 2). Were the UK to pursue a later date 
or a weaker target it would undermine these discussions, most notably for the European Union, 
who are aiming to reach agreement in 2020 for a net-zero GHG target. Those choices could then 
have wider repercussions for choices by countries beyond the leadership group. 

(c) A target that is achievable in the UK 

We describe below how the UK can reach net-zero GHG emissions by 2050. Our scenarios are 
based on current consumer behaviours and known technologies, with prudent assumptions 
over their cost reduction. They are technically possible (e.g. there are enough sites for offshore 
wind and materials for electric vehicles), albeit with strong leadership needed from government. 

Reaching net-zero GHG emissions requires extensive changes across the economy, with 
complete switchovers of several parts of the UK capital stock to low-carbon technologies. Major 
infrastructure decisions need to be made in the near future and quickly implemented. These 
changes are unprecedented in their overall scale, but large-scale transitions have been achieved 
successfully in the UK before, such as the natural gas switchover in the 1970s or the switch to 
digital broadcasting in the 2000s. 

We have considered whether an earlier date than 2050 should be targeted. An earlier date has 
been proposed by some groups6 and might send a stronger signal internationally to those 
considering increasing their own ambition, but only if it is viewed as credible.  

While our scenarios demonstrate that some sectors (e.g. the power sector) could reach net-zero 
emissions by 2045, for most sectors 2050 currently appears to be the earliest credible date. An 
earlier date would also give less time to develop currently speculative options as alternatives to 
make up for any shortfall from other measures. That could lead to a need for punitive policies 
and early capital scrappage to stay on track to the target.  

Part of the strength of the Climate Change Act – as a tool for driving change in the UK and as an 
international signal – is that it sets legally-binding, evidence-based and credible targets, which 
must be delivered against. Our recommendation is also strong in its coverage (including 
international aviation and shipping) and its recommended implementation (without 
international offsets). Setting a legal target to reach net-zero GHG emissions significantly before 
2050 does not currently appear credible and the Committee advises against it at this time.  

                                                           
6 For example, a cross-party group of over 180 MPs have proposed reaching net-zero GHG emissions before 2050 
and a coalition of NGOs have proposed 2045. 
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Table 2. Emerging net-zero commitments in other countries 

Net-zero: 
CO2 or 
GHGs 

Date to 
achieve 

target by 

Formality International 
offsetting? 

International 
aviation and 

shipping? 

Proposed 
UK target 

GHGs 2050 To be legislated in 
Climate Change Act 

Net-zero targets under consideration 

European 
Union 

GHGs 2050 Proposed by European 
Commission  

France GHGs 2050 Bill - not yet legislated 

New 
Zealand 

To decide 2050 Bill - currently being 
drafted  

Net-zero targets that have been adopted 

California Unclear 2045 Executive Order 

Sweden GHGs 2045 Legislation 

Denmark Unclear 2050 Legislation 

Norway GHGs 2030 Binding Agreement 

A number of other countries have mid-century or earlier net-zero targets and ambitions: Ethiopia, 
Costa Rica, Bhutan, Fiji, Iceland, the Marshall Islands, and Portugal. They are contained in NDCs and 
strategy documents, rather than legislation.  

Source: CCC analysis. 
Notes: Green = Explicit aim to meet without credits / international aviation and shipping (IAS) 
included. Red = explicit allowance for international offsetting / IAS excluded. Amber = unclear 
or undecided. NDC = Nationally Determined Contribution submitted to the Paris Agreement.  
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4. How can the UK reach net-zero GHGs? 

Scenarios for UK net-zero GHGs in 2050 

It is impossible to predict the exact mix of technologies and behaviours that will best meet the 
challenge of reaching net-zero GHG emissions, but our analysis in this report gives an improved 
understanding of what a sensible mix might look like. The scenarios (Figure 2 and Box 4) include: 

• Resource and energy efficiency, that reduce demand for energy across the economy. 
Without these measures the required amounts of low-carbon power, hydrogen and carbon 
capture and storage (CCS) would be much higher. In many, though not all, cases they reduce 
overall costs. 

• Some societal choices that lead to a lower demand for carbon-intensive activities, for 
example an acceleration in the shift towards healthier diets with reduced consumption of 
beef, lamb and dairy products.  

• Extensive electrification, particularly of transport and heating, supported by a major 
expansion of renewable and other low-carbon power generation. The scenarios involve 
around a doubling of electricity demand, with all power produced from low-carbon sources 
(compared to 50% today). That could for example require 75 GW of offshore wind in 2050, 
compared to 8 GW today and 30 GW targeted by the Government's sector deal by 2030. 75 
GW of offshore wind would require up to 7,500 turbines and could fit within 1-2% of the UK 
seabed, comparable to the area of sites already leased for wind projects by the Crown Estate. 

• Development of a hydrogen economy to service demands for some industrial processes, for 
energy-dense applications in long-distance HGVs and ships, and for electricity and heating in 
peak periods. By 2050, a new low-carbon industry is needed with UK hydrogen production 
capacity of comparable size to the UK's current fleet of gas-fired power stations. 

• Carbon capture and storage (CCS) in industry, with bioenergy (for GHG removal from the 
atmosphere), and very likely for hydrogen and electricity production. CCS is a necessity not 
an option. The scenarios involve aggregate annual capture and storage of 75-175 MtCO₂ in 
2050, which would require a major CO₂ transport and storage infrastructure servicing at least 
five clusters and with some CO₂ transported by ships or heavy goods vehicles. 

• Changes in the way we farm and use our land to put much more emphasis on carbon 
sequestration and biomass production. Enabled by healthier diets and reductions in food 
waste, our scenarios involve a fifth of UK agricultural land shifting to tree planting, energy 
crops and peatland restoration. 

Taken together, these measures would reduce UK emissions by 95-96% from 1990 to 2050. 
Tackling the remaining 4-5% would require some use of options that currently appear more 
speculative. That could involve greater shifts in diet and land use alongside more limited 
aviation demand growth, a large contribution from emerging technologies to remove CO₂ from 
the atmosphere (e.g. 'direct air capture'), or successful development of a major supply of carbon-
neutral synthetic fuels (e.g. produced from algae or renewable power). 

The scenarios involve additional reductions in the UK's consumption emissions as they include 
measures like resource efficiency that cut emissions from production overseas as well as in the 
UK. However, consumption emissions will only reach net-zero once the rest of the world's 
territorial emissions are also reduced to net-zero. At this point the UK can expect to pay slightly 
more to cover the costs of low-carbon production of the goods we import. 
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Figure 2. UK net-zero GHG scenario 

Source: CCC analysis. 
Notes: CCS = carbon capture and storage. EV = electric vehicle. BECCS = bioenergy with CCS. 
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Box 4. Actions that people can take to reduce their emissions 

Our scenarios to reduce UK GHG emissions to net-zero point to actions that individuals and households 
can take to reduce their carbon footprints and contribute to the UK and global goals: 

• The way you travel:

‒ Choose to walk and cycle or take public transport in preference to a car. 

‒ Make your next car an electric one, and then charge it 'smartly'. 

‒ Minimise flying, especially long-haul, where possible.  

• In your home:

‒ Improve the energy efficiency of your home (or ask your landlord to) through draught-
proofing, improved insulation, choosing LED light-bulbs and appliances with high 
efficiency ratings. 

‒ Set thermostats no higher than 19°C and the water temperature in heating systems no 
higher than 55°C. 

‒ Consider switching to a low-carbon heating system such as a heat pump, especially if you 
live off the gas grid; if you are on the gas grid consider a hybrid system. 

• What you eat and buy:

‒ Eat a healthy diet, for example with less beef, lamb and dairy. 

‒ Eliminate food waste as far as possible and make sure that you use separate food waste 
collections if available. Reduce, reuse and recycle your other waste too. 

‒ Use only peat-free compost. 

‒ Choose good quality products that will last, use them for longer and try to repair before 
you replace. 

‒ Share rather than buy items like power tools that you don't use frequently. If you 
don't/won't use your car regularly then consider joining a car club instead. 

• Look for changes that you can make in your workplace or school to reduce emissions and support
your colleagues to make changes too.

• Talk about your experiences and help to raise awareness of the need to act. Consider the wider
impacts of your actions (e.g. through your pension or ISA and via the companies you buy from).

Source: CCC analysis. 
Note: Many of these changes will save money as well as reduce greenhouse gas emissions. 

Differences from scenarios with an 80% reduction from 1990 to 2050 

Compared to scenarios that the Committee has previously published for the existing 2050 target 
for at least an 80% reduction relative to 1990, there are several key differences. These largely 
relate to further opportunities to reduce emissions, rather than increasing removals: 

• More abatement in industry. Our understanding of what is possible in industry has
significantly strengthened through deeper evidence and analysis. We can now identify ways
to reduce emissions close to zero for the vast majority of industrial processes and activities.
In many cases these involve similar changes to those in the rest of the economy: efficiency,
electrification, application of CCS and switching heat sources to low-carbon hydrogen. It will
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also involve better resource efficiency, for example product designs that last longer and use 
less material alongside increased reuse and recycling. 

• More low-carbon electricity, hydrogen and CCS. The net-zero scenarios require more
electrification and use of hydrogen. Increased supplies of low-carbon electricity and
hydrogen, along with more CCS to support those supplies, will therefore be needed.

• Almost all HGVs and heating of buildings must be low-carbon by 2050. These were
already desirable goals for an 80% target, but will be necessary for a net-zero target.

• Aviation, agriculture and land must play their part. Updated evidence for aviation points
to greater potential to reduce emissions, although we still expect the sector to emit more
than any other in 2050. Our 80% scenarios did not assume any diet change, or major land use
changes on the freed-up land, but these are both needed for a net-zero target.

Part of the challenge in shifting to a net-zero target, therefore, is that there is less flexibility and 
less scope for under-delivery in areas that prove difficult to change. This adds to the importance 
of developing currently speculative options, given that these may be needed to meet the target 
in full domestically. 

Contingency 

Many of the options for reducing emissions have alternatives available. For example: lower 
demand would permit reduced roll-out of low-carbon technologies; hydrogen could be used 
instead of low-carbon electricity for some applications. Furthermore, if the speculative options 
emerge successfully then they could potentially make up for shortfalls elsewhere. 

We have made judgements in our approach that are deliberately cautious: 

• Our scenarios are based on existing technologies and make conservative assumptions
around their development and take-up of low-carbon behaviours. If mass roll-out of
currently niche technologies leads to rapid cost reductions (e.g. as witnessed globally for
batteries and solar panels and in Europe for offshore wind), the scenarios will be significantly
easier to deliver.

• We have accounted for expected future revisions (inclusion of peatland emissions and an
increase to the weighting for methane recommended by the IPCC) that will increase
estimates of the current level of UK emissions.

• We have made cautious but realistic assumptions on bioenergy supply. Our estimates of
global bioenergy supply (set out in detail in our recent Biomass review)7 are notably lower
than assumed in many of the scenarios assessed by the IPCC.

• Inclusion of land-based removals and CCS in our net-zero scenarios means minimal residual
emissions can be tolerated in most sectors. This, in turn, offers flexibility should some niche
emissions sources prove very difficult to avoid.

While the policy challenge in delivering these scenarios is undeniable, there is good reason to 
believe that the range of options could be wider and/or cheaper than we have assumed. 

If the speculative options to reduce UK emissions do not develop sufficiently, or if there is a 
shortfall in delivery of the other elements of the scenarios, then international carbon units (i.e. 
'credits' or 'offsets') could provide contingency. The Paris Agreement puts in place processes 

7 CCC (2018) Biomass in a low-carbon economy. 
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(both centralised and bilateral) for international markets in carbon units to develop and they 
could be valuable to support some aspects of the required global transition. As required in the 
Climate Change Act the Committee would advise closer to the time on an acceptable level of 
credit purchase and acceptable schemes to use. 

However, the UK should aim to meet the net-zero GHG target through domestic action. Use of 
international carbon units should not be planned for, and their use should only be as a 
contingency. If carbon units are required, only those offering genuinely additional emissions 
reduction or removal should be allowed, and these must be part of schemes that also support 
sustainable development.  

5. What are the expected costs and benefits of a UK net-zero GHG target
for 2050? 
In considering the costs of a net-zero GHG target for the UK, we are interested in the overall cost 
and its distribution: costs to the Exchequer and the risks of an unfair burden on vulnerable 
people or of undermining UK competitiveness. Against these there will also be large benefits, 
including reduced climate risks and cleaner air. 

Our assessment integrates changes across the energy system, including the need to provide 
low-carbon electricity and hydrogen and to strengthen networks so that they reach consumers 
when needed. We exclude taxes and subsidies from our assessment - these constitute a transfer 
from one part of the economy to another while we are interested in the extra resource cost for 
the economy as a whole. 

Total costs across the economy 

Many of the changes required involve no or only limited additional costs. For example: 

• Contracts for renewable power can be signed at prices below recent wholesale electricity
prices (and below the costs of building and running a new gas-fired plant).

• Electric cars are expected to be cheaper to purchase than conventional cars by 2030 and
yield considerable savings in their running costs (without existing subsidies or advantageous
tax treatment).

• Costs for these options have fallen far more quickly than the Committee assumed to be
possible when we first advised in 2008 on the UK's long-term emissions targets. The
expected costs of reducing emissions have fallen markedly as a result.

• Efficiency improvements have barriers to uptake and upfront costs but often recoup these
costs through fuel savings. That is true for many sources of emissions: buildings, agriculture,
aviation and industry. Similarly, costs can be reduced through improved resource efficiency
and shifting consumer choices towards healthier diets, reduced waste and reduced flying.

Some other changes have higher costs, such as switching from natural gas to hydrogen, 
applying CCS, installing heat pumps to replace gas boilers across the existing housing stock and 
GHG removals. Many of the options required to get from an 80% to a 100% target currently 
appear relatively expensive (e.g. with costs of around £200/tCO₂e).  

Taken together, and without assuming major cost breakthroughs akin to those seen for 
renewable power and batteries, we estimate an increased annual resource cost to the UK 
economy from reaching a net-zero GHG target that will rise to around 1-2% of GDP by 2050. 
Within this, around 1% of GDP is the cost in moving from 80% to 100%. This is the value of the 
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extra resources needed to eliminate UK emissions, although (as we set out in Chapter 7) the 
actual impact on UK GDP could be lower or even positive.  

While future costs are inherently difficult to predict, we can have reasonable confidence in the 
conclusion that costs are likely to be no more than a very small fraction of annual GDP: 

• Other estimates, for example for a net-zero GHG target across the EU, also report economic
impacts of a percentage point or two of GDP, and possibly a small overall benefit to GDP.

• The conclusion would stand even if every additional tonne of abatement beyond 80% had
costs as high as currently expected for our most expensive abatement options. For example,
we expect that direct air capture to remove CO₂ from the atmosphere could be scaled up by
2050 and could cost around £300/tCO₂. If it delivered all the extra abatement for a net-zero
GHG target (i.e. around 170 MtCO₂) the annual cost of moving from 80% to 100% would be
up to 1.5% of projected 2050 GDP (rather than the 1% implied by our scenarios).

• If the rest of the world were not to increase effort materially in order to meet the
temperature goal of the Paris Agreement, technology progress could be much slower and
costs correspondingly higher. This is particularly concerning for global technologies like low-
carbon HGVs. However, in such a situation cheap international carbon units ('offset credits')
are likely to be available and if needed a revision to the UK target could be permitted by the
Climate Change Act.

Many of the costs would involve increased investments, generally offset by reduced fuel costs. 
For example, wind and solar farms are costly to build, but avoid the need to pay for gas and coal; 
energy efficiency involves an upfront cost followed by reduced energy use. CCS and hydrogen 
are important exceptions requiring both increased upfront spend and higher fuel costs. 

Investment 

Capital cost increases in our scenarios are highest for the power and buildings sectors. Power 
sector annual investment rises to around £20 billion. Investment in buildings is around £15-20 
billion higher in 2050 than it would have been without decarbonisation (the precise figure will 
depend on the mix of technologies deployed). By comparison, investment in the power sector 
averaged around £10 billion over 2013-2017. Total annual capital investment in the UK economy 
ranged from 15% to 24% of GDP over 1990-2017; our scenarios imply an extra investment 
requirement of around 1% in 2050. 

This increase in investment emphasises the importance of ensuring that policies are designed 
with investors in mind. They should be clear and stable and avoid exposure to unnecessary risks. 
The long-term contracts offered under the Government's Electricity Market Reform are a good 
example of an effective policy and have been vital to reducing costs for renewable power. 

It also suggests that wider policies that encourage investors to prioritise low-carbon investments 
are valuable, for example: mandatory disclosure of exposure to climate risks and assessment by 
investors of how their portfolios are consistent with a transition to net-zero emissions across the 
economy. 

Distribution of costs 

A key challenge is to ensure that the distribution of costs does not disproportionately affect 
some groups. Despite low overall costs, some industries, regions and households could suffer if 

551  



Executive summary     29 

appropriate policies are not put in place to mitigate the effects of what will be a major structural 
change. 

Industry and heating in buildings stand out as sectors with potentially high annual costs that 
cannot simply be passed on. Therefore careful consideration is needed regarding where funding 
will come from: 

• Electricity bill payers (households and businesses) currently pay around £7 billion a year
towards the roll-out of low-carbon power. This is expected to rise to around £12 billion by
2030 then fall to 2050 as contracts for existing renewable generators come to an end and
they are replaced by newer cheaper generation (e.g. our scenarios involve an annual
resource cost of around £4 billion in 2050). For households, the average costs so far, of £105
per household per year in 2016, have been more than outweighed by savings from improved
energy efficiency: energy bills fell £115 in real terms from 2008 to 2016. That balance will
continue to 2030 (i.e. overall bills need not rise as a result of climate policy).

• Switching homes to low-carbon heating remains a major challenge. It is currently funded
by Exchequer spending, but roll-out is limited and less than £100 million was spent in 2018.
Our estimates imply an annual cost, reflecting higher upfront costs, for switching to low-
carbon heating of the order of £15 billion. Large-scale deployment must begin before 2030.
It would be regressive, and probably restrict progress, to pass the cost on fully to households.
This should be a key focus for the HMT funding review. We note that in the long run this cost
is similar to the combined saving from falling power costs (see above) and electric vehicles
(see below).

• Industry decarbonisation in our scenarios also has an annual cost of the order of £5-10
billion. Some of this could be passed on to consumers, where industry is not exposed to
international competition or where the incremental costs are small. However, trade-exposed
industries will require a level playing field to ensure that emissions are reduced, not
offshored. That could involve schemes similar to those in place today - free allocation of
allowances within the EU ETS and compensation for costs resulting from UK climate policies.
Alternatively it could involve taxpayer funding, new schemes such as border tariff
adjustments or product and building standards that drive demand for low-carbon goods.

• Electric vehicles currently benefit from capital subsidies and lower fuel and vehicle taxation.
Each of these can be phased out in the long run as electric vehicles reach cost parity. By 2050,
we expect the shift to low-carbon options like electrification to cut the annual costs of UK
transport by around £5 billion. That can be achieved while maintaining transport's tax
contribution and allows for the costs of charge-points and other infrastructure.

• Farmers and land managers currently receive large subsidies from the EU's Common
Agricultural Policy (CAP), but not for reducing GHG emissions. The UK Agriculture Bill intends
to redirect subsidies towards public goods and could support the major transition in land use
and farming practices required by a net-zero GHG target. Our cost estimates for land and
agriculture in our scenarios (under £2 billion annually) are lower than UK payments under
CAP (over £3 billion).

• The annual costs of removing emissions from the atmosphere are potentially large in our
scenarios (e.g. of the order of £10 billion in 2050, possibly as high as £20 billion). These could
be paid by industries, like aviation, that have not reduced their own emissions to zero. That
would imply increasing costs (e.g. for flights) from 2035, as emission removals scale up in our
scenarios.
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The distribution of these costs will be determined by Government policy and will be crucial to 
public acceptance. Finding the most effective ways to limit costs and provide funding will be 
fundamental to success. 

Benefits 

Set against the costs, there will be significant benefits, including avoided costs: 

• Improved quality of life:

‒ Benefits to human health (and savings to the NHS) from better air quality, less noise,
more active travel and a shift to healthier diets. 

‒ Improved air and water quality, enhanced biodiversity, increased resilience to climate 
change, and recreational benefits from changes to land use. 

‒ Monetising benefits is not straightforward. However, estimates using HM Treasury's 
Green Book guidance8 suggest that these would partially or possibly even fully offset the 
resource costs we have estimated (i.e. up to 1-2% of GDP in 2050). 

• Lower risks from climate change (Box 5). These include direct benefits (e.g. lower risk of
flooding in the UK) and indirect benefits (e.g. reduced exposure to rising food prices and
disaster-induced migration and conflict). We have not attempted to monetise these benefits.

• There could be industrial opportunities. With appropriate policy and support there could
be an industrial boost to the UK from being one of the early movers in some key sectors (e.g.
specialised supporting services like finance and engineering for low-carbon technologies,
carbon capture and storage), with potential benefits for exports, productivity and
employment. The shift in resources from imported fossil fuels to UK investment could also
stimulate further economic activity. However, we do not factor these into our cost estimates.

Overall, a well-managed transition can be achieved and lives can be improved. People can 
benefit from better physical and mental health, an improved environment and, crucially, a 
reduced exposure to climate risks. 

6. Next steps

Setting the net-zero target and determining the cost-effective path 

The Committee expects to advise on the sixth carbon budget (covering the years 2033-2037), 
once Parliament has considered the setting of a new long-term target. The advice of the 
Committee on the sixth carbon budget is due in 2020. The net-zero GHG target for 2050 should 
be set in legislation as soon as possible - and before the end of 2019 to allow time to develop 
advice on the cost-effective path to the new target.  

We do not recommend changes to the fourth or fifth carbon budgets at this time, but note that 
both were set on the path to the existing 80% target and therefore are likely to be too loose. 

We already recommend that the Government aim to out-perform the legislated budgets based 
on revisions to our estimate of the cost-effective path to the 80% target.9 We reiterate that 
recommendation and we will consider whether the fourth and fifth carbon budgets should be 
tightened in legislation as part of our advice on the sixth carbon budget. 

8 HM Treasury (2019) The Green Book: appraisal and evaluation in central government. 
9 See CCC (2018) Progress Report to Parliament for more details. 
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Box 5. Climate risks 

Limiting warming to below 2°C would avoid a number of damaging climate risks that are expected 
under the current trajectory.  

• Risks of extreme weather events would be reduced. For example, keeping warming to below 2°C
would nearly halve the expected global average drought length relative to a 3°C warmer world
from 18 months to 11 months and improve crop yields in many countries.

• Significant changes in ecosystems would occur at 2°C warming, but there would be clear benefits
compared to higher levels of warming, with global species extinction risk reducing to a 'moderate'
level compared to 'high' levels under 4°C warming. However, the rate of climate change would still
likely be too fast for many species to be able migrate to regions with acceptable climates.

• The probability of an ice-free Arctic summer (i.e. a summer when there would be no sea ice in the
Arctic) would be reduced from over 1 in 2 to nearly 1 in 10 relative to a 3°C warmer world . Sea ice is
critical for the unique Arctic ecosystem and may have links to mid-latitude weather.

• Impacts on human systems and the economy would be lower, but not zero, across a range of
different indicators, including impacts on crop yields and flooding risks.

• Risks of 'tipping points' in the climate system are still moderate at 2°C, but are lower than at higher
levels of warming.

• Benefits from avoided climate risks will also be felt within the UK, including reduced water stress,
less flooding, reduced coastal erosion and reduced summer heat stress. These are set out in detail
in the Climate Change Risk Assessment, which the Committee is currently updating.

The IPCC Special Report identified a number of substantial climate risks that would be avoided by 
keeping warming to below 1.5°C compared to higher levels.  

• Climate extremes. Temperature extremes are expected to increase by 2-3 times the increase in
global average temperature between 1.5°C and 2°C. Around 420 million fewer people would be
exposed to extreme heatwaves if warming was kept to 1.5°C than 2°C.

• Ecosystems. Risks of species extinction on the land and in the ocean are lower at 1.5°C than 2°C.
For example, the fraction of global land area that would change ecosystem type due to climate
change factors at 2°C (13%) would be roughly halved if warming was kept below 1.5°C (7%).

• Distribution of risks. The additional increase in climate risk between 1.5°C and 2°C warming
would affect poor and vulnerable people most of all. Poverty and disadvantage have increased
with recent warming and are expected to increase for many populations as average global
temperatures increase from 1°C to 1.5°C and higher.

• Irreversible changes. Marine ice sheet instability in Antarctica and/or irreversible loss of the
Greenland ice sheet could possibly be triggered by warming between 1.5°C and 2°C. Keeping
warming as low as possible reduces the risk of triggering these large-scale irreversible shifts in the
climate.

Source: IPCC (2018) Special Report on Global Warming of 1.5°C. Other sources are set out in Chapter 2. 

554  



32    Net Zero - The UK's contribution to stopping global warming   |   Committee on Climate Change 

Maximising the international influence of the net-zero target 

The Government should consider when and how to announce the new target to maximise its 
influence internationally. Others are actively considering increasing their targets and the UK has 
an opportunity to support increased ambition. 

The UK could also submit a strengthened Nationally Determined Contribution (NDC) for 2030 
and revised long-term strategy. 

• Currently the UK’s official contribution to the Paris Agreement is set through the EU’s
collective pledge to reduce emissions by at least 40% by 2030 relative to 1990.

• Outside the EU, the UK would need to submit its own NDC to the UN.

• For now, this could be based on the higher ambition in the UK’s fifth carbon budget (which
was set to require a 57% reduction in UK emissions from 1990 to 2030) but ultimately it
should be based on the more ambitious pathway that the Committee will advise on next
year, on the path to net-zero GHG emissions in 2050.

• The Paris Agreement asks countries ‘to formulate and communicate long-term low
greenhouse gas emission development strategies’. The UK has previously submitted the
Government’s Clean Growth Strategy. Setting a net-zero GHG target and introducing long-
term plans to meet it would provide a basis for a strengthened strategy.

The UK should continue to collaborate internationally, including through provision of climate 
finance, and support increased ambition elsewhere. A key part of the UK's leadership has been 
as a positive example: setting and meeting ambitious targets within a robust legal framework 
while growing the economy and developing key emerging technologies. This track record 
allows the UK to have an influence diplomatically and politically, in negotiations and in new 
initiatives such as sustainable finance. This should continue, including contributing to 
strengthening governance for bioenergy and removals, which play a key role in our scenarios. 

Although the aim should be to meet the net-zero GHG target without international carbon units, 
the UK should take steps to develop markets for carbon units as a potentially useful mechanism 
to mobilise finance and to support increased effort internationally, and as a contingency 
mechanism for meeting UK targets. The Paris Agreement allows this and the UK is well placed to 
help develop effective rules and governance as well as to build capacity in countries that could 
be sellers. 

UK emissions, in line with our population, are only 1% of global emissions. It is therefore vital for 
the UK to maximise the impact of any new target on actions beyond the UK in order to tackle 
climate change and avoid some of the largest risks that would involve. This will also make the 
UK's task easier by stimulating the innovation and cost reduction for low-carbon technologies 
that global roll-out can bring. 

Building on the existing foundations to prepare for a net-zero target in the UK 

Our conclusion that the UK can achieve a net-zero GHG target by 2050 and at acceptable cost is 
entirely contingent on the introduction of clear, stable and well-designed policies. Government 
must set the direction and provide the urgency. Our analysis points to a number of obstacles 
that Government will need to overcome if it is to succeed (Box 6).  
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Box 6. Overcoming obstacles to reaching net-zero emissions 

• Strengthening policy-making. The net-zero challenge must be embedded and integrated across 
all departments, at all levels of Government and in all major decisions that impact on emissions. It 
must also be integrated with businesses and society at large. Since many of the solutions cut across 
systems (e.g. hydrogen has a role in electricity generation, transportation, industry and heating), 
fully integrated policy, regulatory design and implementation is crucial. That may require new 
frameworks, for example to ensure that departments, other than BEIS alone, sufficiently prioritise 
net-zero GHG emissions. Policy teams across departments must be sufficiently resourced to 
develop and implement the changes required. 

• Ensuring businesses respond. Some previous policies have delivered the desired business 
response in full (e.g. the banning of inefficient gas boilers in the 2005/06 Building Regulations, the 
offering of long-term contracts to offshore wind farms). Others, like the Green Deal and vehicle 
emissions standards, have not. For a net-zero GHG target, standards will need strict enforcement 
and incentive schemes must be designed with businesses and investors in mind. The ends (i.e. 
stopping GHG emissions) should be clear, but there should be flexibility to meet them in the most 
effective way. Crucially, there should be a stable and long-term approach. 

• Engaging the public to act. Much of the success so far in reducing emissions (e.g. power sector 
decarbonisation and even the phase-out of inefficient gas boilers) has happened with minimal 
change or awareness needed from the public. However, this cannot continue if the UK is to reach 
net-zero emissions. Public engagement and support will be particularly vital for the switch to low-
carbon heating - people will need to make changes inside their homes and co-ordinated central 
decisions must be taken on the balance between electrification and hydrogen. People should 
understand why and what changes are needed, to see a benefit from making low-carbon choices 
and to access the information and resources required to make the change happen. 

• Determining who pays. If policies are not sufficiently funded or their costs are seen as unfair, then 
they will fail. HM Treasury should undertake a review of how the transition will be funded and 
where the costs will fall. The review should cover the use of fiscal levers and Exchequer revenue, 
costs from carbon trading schemes, the impact on energy bill-payers and motorists, and the costs 
to industries especially where they are carbon-intensive and trade-exposed. It should cover costs 
from now through to 2050.  

• Providing the skills. The Government has recognised the importance of developing skills in its 
Industrial Strategy and sector deals. These should be used to tackle any skills gaps that would 
otherwise hinder progress. For example, new skills support for designers, builders and installers is 
urgently needed for low-carbon heating (especially heat pumps), energy and water efficiency, 
ventilation and thermal comfort, and property-level flood resilience. 

• Ensuring a just transition. Building on the reviews of who pays and of skills, the Government 
should assess more broadly how to ensure that the overall transition is perceived as fair and that 
vulnerable workers and consumers are protected. That must include analysis at the regional level 
and for specific industrial sectors. We note that Scotland has already appointed an independent 
Just Transition Commission to advise on ‘a carbon-neutral economy that is fair for all’. 

• Developing the infrastructure. Reaching net-zero emissions will require development or 
enhancement of shared infrastructure such as electricity networks, hydrogen production and 
distribution and CO2 transport and storage. Government, in partnership with the National 
Infrastructure Commission, should give urgent consideration to how such infrastructure might best 
be identified, financed and delivered. Regional coordination will be required, including for 
transport where powers are devolved. 
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Specific policies are now required to address the key areas of emissions across the economy. This 
is a pre-condition of achieving a net-zero GHG target by 2050. Many of our recommendations 
here are not new: the Committee has already recommended strengthened approaches to heat 
decarbonisation, CCS and hydrogen, electric vehicles, agriculture, waste, and low-carbon power. 
The interdependencies between these sectors must be taken adequately into account, 
emphasising the importance of a coherent overall strategy.  

• Heating buildings. An overhaul of the approach to low-carbon heating and energy
efficiency is needed. The Government’s planned 2020 Heat Roadmap must establish a new
approach that will lead to full decarbonisation of buildings by 2050. This must be fully-
funded, following the Spending Review, and it is essential that the Treasury commits now to
working with BEIS on this. Recent announcements on new build must be delivered.

• CCS. Carbon capture and storage (CCS) is essential. We previously recommended that the
first CCS cluster should be operational by 2026, with two clusters, capturing at least 10
MtCO₂, operating by 2030. For a net-zero target it is very likely that more will be needed. At
least one of the clusters should involve substantial production of low-carbon hydrogen. The
Government will need to take a lead on infrastructure development, with long-term
contracts to reward carbon capture plants and encourage investment.

• Electric vehicles. By 2035 at the latest all new cars and vans should be electric (or use a low-
carbon alternative such as hydrogen). If possible, an earlier switchover (e.g. 2030) would be
desirable, reducing costs for motorists and improving air quality. This could help position the
UK to take advantage of shifts in global markets. The Government must continue to support
strengthening of the charging infrastructure, including for drivers without access to off-
street parking.

• Agriculture. Agriculture is already facing a period of considerable change. Future success
will require diversification of incomes and taking the opportunities that come with
transformational land use change. Policy to encourage farming practices that reduce
emissions must move beyond the existing voluntary approach. Financial payments in the UK
Agriculture Bill should be linked to actions to reduce and sequester emissions, to take effect
from 2022.

• Waste. Bio-degradable waste streams should not be sent to landfill after 2025. This will
require regulation and enforcement, with supporting actions through the waste chain,
including for example mandatory separation of remaining waste.

• Low-carbon power. The supply of low-carbon power must continue to expand rapidly, and
increasingly, from around 2030, some may need to run for only part of the year. While many
options no longer need subsidies, Government intervention may still be needed, for example
by backing long-term contracts aligned to expected wholesale prices. Policy and regulatory
frameworks should also encourage flexibility (e.g. demand response, storage and
interconnection).

In setting a net-zero target, these actions must be supplemented by stronger approaches to 
policy for industry, land use, HGVs, aviation and shipping, and GHG removals. 

• Industry. Government must implement an approach to incentivise industries to reduce their
emissions through energy and resource efficiency, electrification, hydrogen and CCS in ways
that do not adversely affect their competitiveness. In the short-term, this is likely to imply a
role for Exchequer funding. Longer term, it could involve international sectoral agreements
(e.g. for industries like steel where there are relatively few global companies), procurement

557  



 
 

 
 

Executive summary                                                                                                                             35 

 

and product standards that drive change by requiring consumers to buy or use low-carbon 
products (e.g. where UK consumption is a large part of an industry’s market) or through 
border-tariff adjustments that reflect the carbon content of imports. Wider infrastructure 
developments to support CCS and hydrogen roll-out will support industry to make the 
required changes. 

• Land use. Consumer-facing policies should be used to support shifts to healthier diets with 
lower beef, lamb and dairy consumption. These would allow changes in UK land use without 
increasing reliance on imports. Forest cover should increase from 13% of UK land to 17% by 
2050. Policy must support land managers with skills, training and information.  

• HGVs. The Government will need to make a decision on the required infrastructure for zero 
emission HGVs, with international coordination, in the mid-2020s ready for deployment in 
the late 2020s and throughout the 2030s. To help prepare for that, trials of zero emission 
HGVs and associated refuelling infrastructure are now needed. Vehicle and fuel taxation from 
the 2020s onwards should be designed to incentivise commercial operators to purchase and 
operate zero-emission HGVs. 

• Aviation and shipping. ICAO and IMO, the international agencies for aviation and shipping, 
have adopted targets to tackle emissions. The scenarios in this report go beyond those 
targets, suggesting increased ambition and stronger levers will be required in the long run. 
We will write to the Government later this year on its approach to aviation, building on the 
advice in this report. 

• GHG removals. The Government should expand support for early-stage research across the 
range of greenhouse gas (GHG) removal options, including trials and demonstration projects. 
It should also signal the longer-term market, which is clearly needed to meet a net-zero 
target, by developing the governance rules and market mechanisms to pay for emissions 
removals. Aviation stands out as an obvious sector that could require removals to offset its 
emissions – either through CORSIA (the international aviation industry’s planned trading 
scheme), the EU ETS or unilaterally the UK could support a net-zero target for aviation, 
requiring that all emissions are offset by removals. 

While a net-zero GHG target brings additional challenges, it also brings clarity around policy 
objectives and what each sector is aiming for. There are opportunities for UK businesses to gain 
competitive advantage as they shift to the future zero-carbon basis required in the UK and the 
world. Government should make the most of those opportunities with a bold new programme 
for emissions reduction, which it should begin to introduce immediately. 
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7. Conclusion
There have been significant changes in the decade since the Climate Change Act was passed. 
Those changes can be accommodated within the Act, but they require an increase in the 
headline ambition. 

We now have an understanding of how UK emissions can be reduced by 100% to net-zero and 
expect it to be delivered within the costs previously agreed by Parliament, provided all parts of 
government act quickly, effectively and in a coordinated fashion. Many businesses in the UK are 
ready to implement it; some have already set net-zero targets of their own. 

A new UK target for net-zero GHGs by 2050, backed by a robust set of plans to achieve it within 
the UK’s strong and widely-respected legislative framework, would send a strong international 
signal at a critical time. It can act as the benchmark for developed nations and position the UK as 
a progressive climate leader on the global stage. 

The changes required are substantial, but the foundations are already in place. Strong leadership 
is now required from governments throughout the UK, beginning with acceptance of the need 
to ramp up policy effort significantly and a rapid adoption of our recommendations by the 
Parliaments of the UK. 
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Introduction and key messages 
This report responds to a request from the Governments of the UK, Scotland and Wales to 
provide updated advice on their long-term emissions targets, including the possibility of setting 
a new ‘net-zero’ target. The request comes 10 years after the UK’s current target was set in the 
Climate Change Act 2008: to reduce greenhouse gas emissions by at least 80% by 2050 relative 
to 1990. 

This chapter provides background on the government request and the UK’s climate framework. 
It briefly reviews progress globally and in the UK over the last decade, and sets out the approach 
taken in the rest of this report. 

Key messages in this chapter are: 

• Now is a good time to review the UK targets.

‒ In the Climate Change Act, the criteria for changes to the long-term emissions target are:
significant developments in scientific knowledge, or in international law. The Paris 
Agreement of 2015 is a major change in international circumstances and the 2018 report 
of the Intergovernmental Panel on Climate Change (IPCC) adds significantly to scientific 
evidence. 

‒ The Committee also identified these criteria as legitimate reasons for a future review of 
the long-term target when we first advised on it in 2008. 

‒ Falling costs for key technologies (i.e. renewable power and batteries for electric vehicles) 
also imply major changes to what is possible and at what cost, both in the UK and 
globally. 

• A change to long-term targets would have implications for the nearer-term. The Climate
Change Act requires that carbon budgets are set on the path to the long-term target and
policies are developed to meet the carbon budgets and the long-term target. A more
ambitious long-term goal is likely to require more ambitious carbon budgets and more
ambitious policies to meet them.

• Well-designed policy can reduce emissions. The UK has had a period of sustained
reduction in greenhouse gas (GHG) emissions, achieved alongside growth in the economy. A
particular recent success has been the reduction in coal-fired electricity generation, which
has resulted from a combination of: regulations that drove efficiency improvement, subsidies
that increased renewable power supply and a carbon tax. Other areas, including transport,
buildings and agriculture, have not matched this success and will need stronger and more
effective policies.

• A net-zero target will be needed. To stop contributing to further global warming, the UK
would have to reduce emissions of long-lived GHGs to net-zero (i.e. any remaining emissions
must be offset by removing an equivalent amount from the atmosphere, e.g. through
afforestation). The UK Government has previously recognised that the UK will need a net-
zero target at some point. This report seeks to identify when the target should be for and
whether it should cover all GHGs.

• Our advice is based on an extensive evidence base. The Committee has compiled and
reviewed an extensive evidence base for this report. In line with the Governments’ request,
much of that is focused on how the UK can reduce emissions to net-zero and the costs and
benefits of doing so.
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The rest of this report sets out the new evidence on which we base our recommendations for 
revised targets that are scientifically robust, consistent with our international commitments 
while supporting increased international effort, and feasible to achieve in the UK while 
delivering other Government objectives.  

This chapter is set out in six sections: 

1. The request for advice
2. The framework for emissions reduction in the UK
3. Global progress since 2008
4. UK progress since 2008
5. Redefining the UK contribution to tackling global climate change
6. Approach to determining a suitable net-zero emissions target for the UK

1. The request for advice
This report responds to a request for advice from the Governments of the UK, Scotland and 
Wales. A joint letter to the Committee on 15 October 2018 requested advice on their respective 
long-term emissions targets (Box 1.1).  

The request is in line with the UK Government’s previous statement to Parliament that it is a case 
of when, not if, a net-zero emissions target is set.10 The key UK recommendations required from 
this report are therefore when the UK should aim to reach net-zero emissions, on what basis that 
should be (e.g. CO2 or all GHGs) and whether now is the right time to set such a target. Our 
evidence must cover how the target might be met and the costs and benefits of doing so. 

Box 1.1. The Government request for advice 

On 15 October 2018 the Governments of the UK, Wales and Scotland wrote to the Committee to 
request “an update to the advice… on UK climate action following the Paris Agreement”: 

• “the date by which the UK should achieve (a) a net zero greenhouse gas target and/or (b) a net zero
carbon [dioxide] target in order to contribute to the global ambitions set out in the Paris
Agreement”

• “whether now is the right time for the UK to set such a target”

• “the range which UK greenhouse gas emissions reductions would need to be within, against 1990
levels, by 2050 as an appropriate contribution to the global goal of limiting global warming to well
below 2°C” and “towards global efforts to limit the increase to 1.5°C”

• “how reductions in line with your recommendations might be delivered in key sectors of the
economy”

• “the expected costs and benefits across the spectrum of scenarios in comparison to the costs and
benefits of meeting the current target”

• “updated advice on the long-term emissions targets for Scotland and Wales”, “provided with
regards to the respective devolved statutory frameworks on climate change”

Source: Letter to Lord Deben, CCC Chairman, 15 October 2018. 

10 Hansard HC Deb vol 607 col 725 (14 March 2016). 
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We respond to the Governments' questions in our recommendations in Chapter 8, based on the 
latest evidence on scientific understanding (Chapter 2), international context (Chapters 3 and 4), 
technical opportunities for reducing emissions in the UK (Chapter 5), how those can be delivered 
(Chapter 6), and the costs and benefits involved (Chapter 7). 

2. The framework for emissions reduction in the UK

(a) The UK’s current long-term emissions target 

The UK’s current long-term emissions target is to reduce emissions of greenhouse gases (GHGs) 
by at least 80% by 2050 relative to 1990 levels. 

• It includes all the greenhouse gases included in the UN’s Kyoto Protocol and the Climate
Change Act (i.e. carbon dioxide, methane, nitrous oxide and fluorinated gases)11.

• The target was designed to cover all sectors of the economy, including UK emissions from
international aviation and shipping.

The target was legislated in the Climate Change Act, which passed with strong cross-party 
support (by over 400 votes to 5). That strong Parliamentary support for climate action continues 
today.12 

(b) The long-term target as a guide to UK policy 

The UK’s long-term emissions target is not a merely aspirational or theoretical goal. Once 
legislated in the Climate Change Act there is a process to ensure it is delivered in the real world 
(Figure 1.1). 

• The Act requires that carbon budgets – five-year caps on the UK’s GHG emissions – are set on
the path to the long-term target. These have been legislated in line with the Committee’s
independent advice, requiring a 57% reduction from 1990 to 2030 (Figure 1.2). In 2017
emissions were 42% below 1990 levels, provisional 2018 figures are 44% below.

• The Secretary of State with responsibility for climate change must prepare and publish
policies and proposals that enable the carbon budgets and long-term target(s) to be met.
Should a budget be missed, the Secretary of State must publish proposals and policies for
compensating in future periods.

• Each year, the Committee must publish an independent assessment of progress towards the
carbon budgets and the 2050 target and of whether the targets are likely to be met. The
Secretary of State must respond to the points in these progress reports, providing a
mechanism to get progress back on track if budgets are at risk of being missed.

This process – of legislating a long-term emissions target consistent with both the latest climate 
science and the UK’s international commitments, and requiring that nearer-term policies keep 
the UK on track to deliver it – was groundbreaking at the time and remains a world-leading 
framework for continued progress. It continues to act as a model for legislative frameworks in 
other countries (e.g. Mexico, Sweden, France). 

11 The base year for the F-gases (HFCs, PFCs, SF6, NF3) is 1995, in line with the provisions of the Kyoto Protocol. 
12 For example, over 180 MPs from across parties have signed a letter to the Prime Minister to support the setting of 
a “target of net zero for greenhouse gases before 2050”, www.theclimatecoalition.org/joint-letter.  
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Figure 1.2. The UK’s existing long-term emissions target (set in 2008) has guided the setting of earlier 
targets and actions to deliver them 

Source:  Adapted from CCC (2015) Fifth Carbon Budget Advice. Based on DECC (2015) Final UK greenhouse gas 
emissions national statistics: 1990-2013; CCC analysis. 
Notes: This chart is from the CCC's 2015 fifth carbon budget report. GHG emissions shown are the actual 
emissions, while carbon budgets represent the emissions under the net carbon account; IAS stands for 
International Aviation and Shipping, which are included in the 2050 target but not the carbon budgets. 
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In considering a net-zero GHG target, it is therefore important for Parliament to understand that 
it will mean that a ramp-up in policy effort will be required in earlier years. We set out the policy 
challenge for delivering a net-zero target in Chapter 6. 

However, we do not attempt in this report to develop a full cost-effective pathway to the 
proposed  target. We will advise on that pathway, including any changes needed to existing 
carbon budgets, when we provide our advice on the sixth carbon budget (covering the years 
2033-2037) by the end of 2020.  

The combination of a new long-term target and a revised path to that target will determine the 
UK’s impact on global temperature increase. 

(c) The basis for the UK’s current 2050 target 

The 80% target was set in 2008 based on advice13 from the Committee that this was an 
appropriate contribution from the UK towards global efforts, at that time, to limit dangerous 
climate change: 

• The climate objective. No global agreement existed at the time for the appropriate
temperature goal. The Committee judged, based on the available climate science (i.e. the
IPCC Fourth Assessment Report), that an appropriate climate objective would be “to limit the
central expectation of global temperature rise to, or close to, 2°C” and to “ensure that the
probability of crossing the extreme danger threshold of 4°C is reduced to an extremely low
level (e.g. less than 1%).”

• Global emissions pathways. An analysis of possible global emissions paths identified that,
to meet this objective, global emissions needed to fall by 50-60% by 2050, to 20-24 GtCO2e.14

That would imply an average per capita level of emissions of 2.1-2.6 tCO2e.

• UK share. The expectation at the time was that a global climate agreement could be
reached in the coming years. The Committee expected the UK’s share of global effort to be
subject to international negotiations and judged that it was difficult to imagine a global deal
in which UK emissions per capita in 2050 were significantly above the global average.
Average global emissions of 2.1-2.6 tCO2e per capita implied around an 80% reduction for
the UK from 1990.

Based on an assessment of the range of options for reducing emissions the Committee judged 
that meeting an 80% target would be “challenging but feasible” and deliverable at an annual 
cost of 1-2% of GDP in 2050. The Committee believed “that this level of cost is affordable and 
that it is appropriate to accept it given the potential consequences and costs of inaction”. 

The Committee was clear that “any climate strategy should cover all GHGs and all sectors” and 
that the 80% target was designed on that basis. However, the Climate Change Bill15 did not 
include emissions from international aviation and shipping. The Committee therefore 
recommended that the target be legislated as “at least 80%” to cover the possibility that the 
sectors covered by the Bill may need to compensate for lower reductions in emissions from 
international aviation and shipping. 

13 CCC (7 October 2008) Letter from Lord Turner to Ed Miliband, Advice on the long-term (2050) target for reducing UK 
greenhouse gas emissions. 
14 Here and throughout this report, emissions of different greenhouse gases are combined using the GWP100 
metric, in line with international convention. 
15 The Bill was legislated (becoming the Climate Change Act) after the Committee advised on the long-term target. 
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(d) Previous CCC advice on reviewing the UK’s long-term emissions target 

The Committee’s first full report noted that it may be appropriate to adopt a new target in future 
as new information and analysis becomes available.16 For example, the report identified that 
understanding of climate science could develop and the actual path of global emissions could 
diverge from the Committee’s modelled trajectories. That was in line with the Climate Change 
Act, which allows changes to the 2050 target if, and only if, there have been significant 
developments in scientific knowledge or international law or policy. 

The Committee noted in 2016 that the Paris Agreement (which was adopted at the end of 2015) 
set a more ambitious goal to limit the increase in global average temperatures than the basis for 
the UK emissions targets. Global paths that were available consistent with limiting warming 
close to 1.5°C, at the upper end of the ambition in the Paris Agreement, implied lower emissions 
per capita than implied by the UK’s target for an 80% reduction from 1990 levels by 2050. 

The Paris Agreement also contains a goal to reach “a balance between anthropogenic emissions by 
sources and removals by sinks of greenhouse gases in the second half of this century” (which is 
widely interpreted as implying net-zero GHG emissions globally).   

The Committee concluded in 2016 that the UK would probably need to reach net-zero emissions 
no later than the world as a whole and that a target to that effect would be needed (see Box 1.2 
for a definition of net-zero emissions).  

However, the Committee concluded in 2016 that the time was not right to set such a target:17 

• Few global pathways for emissions were available that were consistent with the Paris
Agreement’s 1.5°C goal.

• No UK scenarios existed for reaching net-zero emissions.

• UK policies were not yet sufficient to put the UK on track to existing emissions targets.

• The UK’s targets remained relatively ambitious compared to targets in other countries.

The Committee therefore recommended in 2016 that the setting of a new long-term target for 
UK emissions be kept under review. The publication of the Special Report from the 
Intergovernmental Panel on Climate Change (IPCC) on global warming of 1.5°C provides the first 
important review point. 

16 CCC (2008) Building a low-carbon economy – the UK’s contribution to tackling climate change. 
17 CCC (2016) UK climate action following the Paris Agreement. 
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Box 1.2. What does ‘net-zero’ emissions mean? 

Long-lived greenhouse gases like carbon dioxide accumulate in the atmosphere. Therefore, their 
emissions must be reduced to zero in order to stop their cumulative warming effect from increasing 
and to stabilise global temperatures (see Chapter 2). 

Some activities, such as afforestation, actively remove CO2 from the atmosphere. 

‘Net-zero’ emissions means that the total of active removals from the atmosphere offsets any 
remaining emissions from the rest of the economy. The removals are expected to be important given 
the difficulty in entirely eliminating emissions from some sectors. 

Sometimes ‘net-zero’ is used to refer to CO2 only, and sometimes it refers to all GHGs. There are some 
merits in each, which we consider in this report. Our recommendation in this report (Chapter 8) is that 
the UK should set a net-zero target to cover all GHGs and all sectors, including international aviation 
and shipping. 

 

3. Global progress since 2008 

(a) The Paris Agreement and the work of the IPCC 

Following relatively slow progress in international negotiations after 2008, the 2015 Paris 
Agreement was the first fully global agreement to tackle climate change. Chapter 2 sets out 
some of the key characteristics of the Paris Agreement, including its global coverage, a 
temperature goal that is more ambitious than the basis for the targets in the UK’s Climate 
Change Act and the process to increase effort from all parties. 

All countries have signed up to the Paris Agreement, although the US has signalled its intention 
to leave, which it can do immediately after the next Presidential election in late-2020. 

The Paris Agreement also requested an update from the IPCC on the impacts of global warming 
of 1.5°C, to be provided in 2018. There has been a steady increase in scientific evidence since 
2008. Chapter 2 summarises the IPCC’s findings. These include observed impacts to-date, 
increasing attribution of extreme events to climate change, and improved understanding of the 
adverse effects that can be expected as global average temperatures increase. The IPCC also set 
out global emissions pathways to deliver the Paris Agreement temperature goal based on the 
latest estimates of climate sensitivity.  

(b) Global emissions and international ambition 

Global emissions have continued to grow since 2008, although slightly more slowly than 
assumed in the Committee’s 2008 advice. While estimated CO2 emissions briefly plateaued in the 
middle of this decade, subsequent rises indicate that emissions have not yet peaked. 

The combined effect of pledges made under the Paris Agreement and the policies implemented 
to deliver those pledges has been to bring expected warming this century down from around 
4°C to around 3°C. Many countries, like the UK, are also actively considering increasing their 
pledges and/or adopting net-zero targets for emissions in the long term. Chapters 3 and 4 set 
out the latest evidence on these areas. 
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(c) Technology and economics 

One of the most positive and important developments since 2008 has been the very rapid cost 
reduction that has accompanied the global expansion of renewable electricity generation 
(especially for wind and solar power) and an accompanying fall in the cost of batteries. These 
technologies have benefited from major scale-ups in global deployment, open global markets 
that have supported lower cost manufacturing and well-designed policy environments such as 
auctions of long-term contracts for renewable power. 

These changes are crucial given the importance of power generation and surface transport in 
global emissions (in combination making up around 40% of the global total in 2017) and their 
projected growth, particularly in middle-income and developing countries. 

There have also been technologies that played significant roles in the Committee’s UK scenarios 
in 2008 that have under-performed, either as projects have been delayed and costs have 
overrun (e.g. nuclear) or as policy has failed to drive take-up effectively (e.g. heat pumps and 
carbon capture and storage, CCS). Alongside these, new options have emerged (e.g. information 
technology and artificial intelligence could help make energy demand lower or more flexible 
than the Committee assumed in 2008, while technologies to remove carbon dioxide from the 
atmosphere have gained prominence in scenarios for both global and UK emissions reduction). 

The economics of low-carbon technologies have been further bolstered by an increasing 
prevalence and strength of carbon pricing and regulations to drive efficiency improvements: 

• Carbon pricing is now in place in 46 national jurisdictions, covering over 20% of global 
emissions, while vehicle efficiency standards are even more widespread, with nearly 80% of 
new light duty vehicles sold globally subject to GHG emission or fuel economy standards as 
of 2017.18 

• UK carbon prices have risen since the introduction of the Carbon Price Floor in 2013 and 
more recently as reforms to the EU Emissions Trading System (EU ETS) have restricted the 
number of permits and increased the price of carbon allowances in the EU ETS.  

Globally, these changes make low-carbon development paths far more likely (see Chapter 3), as 
low-carbon options like wind and solar power are now generally of comparable or lower cost 
than power from fossil fuels, while bringing significant co-benefits such as reduced air pollution. 
The requirement for policy is therefore increasingly to enable low-carbon energy paths rather 
than to subsidise them. 

4. UK progress since 2008 

Emissions can be cut while growing the economy 

Since the Climate Change Act was passed in 2008, the UK has continued to demonstrate that it is 
possible to decouple emissions growth and economic growth – leading the G7 group of 
advanced economies in this decoupling. Greenhouse gas emissions have fallen by 30% while the 
economy has grown by 13% over 2008-2018, continuing trends of falling emissions and rising 
GDP since the 1990 base year (Figure 1.3 and see Chapter 7). Per capita emissions are now close 
to the global average at 7-8 tCO2e/person, having been over 50% above in 2008. 

                                                           
18 ICCT (2017) 2017 Global update: Light-duty vehicle greenhouse gas and fuel economy standards. 
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As of 2018, the emissions reductions since 2008 (30%) have been larger than in the most 
ambitious scenarios proposed in the Committee’s 2008 report (a 22% reduction)19. That partly 
reflects the impact of the financial crisis in reducing energy demand. It has been delivered 
primarily through reducing reliance on coal-fired power generation, with limited progress in the 
transport, buildings and agriculture sectors (see below).  

At the same time the expected costs for meeting the UK’s existing emissions target have fallen 
as the costs of key technologies have fallen (see Chapter 7). 

The success in reducing emissions while growing the economy has been reflected in the 
Government’s Industrial Strategy, which recognises the opportunities that a low-carbon 
economy may bring and places Clean Growth at its core. 

These figures are based on the UK’s ‘territorial’ emissions. Estimates of the UK’s ‘consumption’ 
emissions (that include overseas emissions from providing goods and services that are imported 
to the UK) are much higher and have not fallen as quickly, although they have also fallen in 
recent years. In part that reflects slower progress in tackling territorial emissions in other parts of 
the world. See Chapters 3 and 5 for further consideration of consumption emissions. 

Figure 1.3. The UK as a positive exemplar – falling emissions in a growing economy (1990-2018) 

Source: BEIS (2019) Final UK greenhouse gas emissions national statistics 1990-2017; BEIS (2019) 2018 UK 
greenhouse gas emissions: provisional figures; ONS (February 2019) Gross Domestic Product: chained volume 
measures: Seasonally adjusted £m; CCC analysis. 
Notes: Series indexed to start at 100. In 2018 UK GDP was approximately £2 trillion and GHG emissions were 449 
MtCO2e. Emissions shown on a ‘territorial’ basis in line with accounting of the Climate Change Act and excluding 
international aviation and shipping. ‘Consumption’ emissions (not shown in the chart) include emissions 
embedded in products consumed in the UK but produced elsewhere, and have fallen less quickly, reflecting that 
emissions in the rest of the world have been increasing. 

19 The 'Stretch' scenario from CCC (2008) Building a low-carbon economy. 
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The role of good UK policy 

Emissions falls since 2008 partly reflect the financial crisis – in the period between 2008 and 
2018, GDP growth was on average 1.2% below the growth level expected in 2008, with 
emissions falling sharply at the start of that period as a result of reduced economic activity. 

However, overall UK progress also reflects the impact of several important and effective policies:  

• A combination of policies drove a reduction in coal-fired power generation from over 40% of 
UK power in 2012 to under 10% in 2017. EU standards for the efficiency of electrical products 
have cut overall electricity demand, renewables subsidies have increased the supply of low-
carbon power generation and the UK’s carbon price floor has ensured that coal rather than 
gas generation has fallen as a result. 

• Energy used for heating has reduced as UK building regulations have required that only 
efficient boilers can be installed and the Carbon Emissions Reduction Target required energy 
companies to install energy efficiency measures until it was scrapped in 2012 halting further 
progress. These policies have also helped to reduce customers’ energy bills.  

• The landfill tax, which was introduced in 1996 and has since increased in price more than 
tenfold, has driven a reduction of over 75% in biodegradable waste being sent to landfill and 
a diversion to other disposal routes such as recycling. It has been supported by policies to 
reduce waste arisings, such as the Love Food Hate Waste campaign. 

These policies demonstrate that there are multiple routes to success, including regulating out 
high-carbon products (like inefficient boilers, lights and appliances), subsidising low-carbon 
technologies to drive cost reduction through learning-by-doing (e.g. power renewables) and 
taxing high-carbon activities (e.g. landfill and coal-fired power generation). In many cases they 
also involve positive opportunities – for lower bills, cleaner air and the wider environment, and 
possibly for the wider economy. 

The UK experience of the last decade also shows both the advantages to collaborating across 
borders (e.g. Products Policy and vehicle standards have been implemented at EU level and 
therefore have affected manufacturers’ designs at a wider market scale than the UK could 
achieve alone) and the opportunity to go further alone (e.g. the UK carbon price underpin has 
gone beyond the EU ETS and driven the UK’s rapid reductions in coal consumption). 

Remaining challenges 

Policy success and progress reducing emissions has been far from universal (Figure 1.4): 

• During the second carbon budget period (2013-2017), for those sectors not covered by the 
EU ETS, only the waste sector met the performance indicators previously laid out by the 
Committee.20 

• Transport is now the largest source of UK GHG emissions (23% of the total) and saw 
emissions rise from 2013 to 2017. 

• Progress installing insulation and reducing emissions from buildings has stalled since policy 
changed in 2012 (from the Carbon Emissions Reduction Target to the Green Deal).  

• Installation of heat pumps remains at very low levels, despite generous funding under the 
Renewable Heat Incentive. 

                                                           
20 See, Table 1 of CCC (18 February 2019) Letter from Lord Deben to Claire Perry – Surplus emissions. 
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• Agriculture emissions have been broadly flat over the last decade, suggesting stronger
policy levers are required than the voluntary approach that is currently used.

Despite these challenges, a clear lesson from the past decade is that well-designed policy can 
drive changes that lead to reductions in emissions within a growing economy. 

In one sense some of the easy opportunities have been taken – the centralised nature of the 
power sector makes it easier to design policies to drive change. However, this has also involved 
tackling one of the most expensive parts of the energy transition – now that renewables costs 
have been driven down, low-carbon power can be rolled out further and to other sectors at 
much reduced cost. 

Figure 1.4. Progress reducing emissions in the UK has been imbalanced 

Source: BEIS (2019) Final UK greenhouse gas emissions national statistics 1990-2017; CCC analysis. LULUCF = land 
use, land use change and forestry. 

5. Redefining the UK contribution to tackling global climate change

(a) Stopping further warming requires net-zero emissions 

It has been well understood for some time that global temperatures will only stop rising once 
global emissions of CO2 and other long-lived greenhouse gases are reduced to net-zero. That is 
therefore a necessary condition of the Paris Agreement, since it aims to hold temperature 
increase to defined levels. Chapter 2 summarises the latest climate science, including the 
conclusions of the IPCC’s Fifth Assessment Report and Special Report on 1.5°C. 

This relationship also holds at the national level. Once the UK cuts its emissions of CO2 and other 
long-lived greenhouse gases to net-zero we will stop adding to global warming. 
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If the UK goes further and cuts emissions of all greenhouse gases to zero (i.e. including short-
lived gases like methane) the UK will be actively reducing our impact on global temperatures. 
That could offset the remaining impact of other countries or begin redressing the UK’s large 
historical contribution to global warming. Net-zero emissions for all GHGs would also reflect the 
requirement in Article 4 of the Paris Agreement, which calls for a balance between 
anthropogenic sources and sinks at the global level. 

Our judgement for this report is that the UK should as a minimum set a target at which we will 
no longer be contributing to the problem and ideally begin redressing our historical 
contribution.  

(b) Defining an appropriate contribution to global effort 

The Committee’s advice on the existing long-term emissions target was based on a judgement 
that it was “difficult to imagine” a global deal in which the UK had higher emissions per capita 
than the global average in 2050. Extending this assumption would imply reaching net-zero 
emissions (in terms of CO2 and GHG) no later than the world overall. 

The Paris Agreement does not specify how the global effort should be shared between 
countries. Instead it takes a bottom-up approach, requiring ‘highest possible’ contributions from 
all parties, with developed countries continuing to take the lead.  

There are several reasons to suppose that the UK can reach net-zero GHG emissions before the 
world overall: 

• UK emissions are already close to the global average and have been falling consistently for 
several decades, while global emissions are not yet falling. 

• The drivers that tend to increase emissions are stronger in the world overall than in the UK – 
expected population and economic growth are higher and the UK development path is 
based more on the service sector, which is less emissions-intensive. 

• The UK has strong established governance processes to tackle GHG emissions (i.e. the 
Climate Change Act) and a track record of being a leader in policy development in key 
emitting sectors (e.g. energy market privatisation). 

• More broadly, the UK benefits from higher GDP per person than the global average and a 
population that is supportive of well-designed action to cut GHG emissions. 

We make a detailed assessment in Chapters 5-7 of whether deeper reductions in UK emissions 
than currently targeted are feasible whilst still delivering on other government objectives and 
what these would cost. That assessment recognises areas where the UK’s challenge may be 
harder than that of other countries, for example due to our high population density and 
relatively high emissions from aviation. 

Considerations of ‘equity’ also suggest that the UK should aim to reach net-zero emissions 
before the world as a whole. The UK has much higher historical emissions than the global 
average and a significant carbon footprint attached to imported products, for which the 
emissions are counted in other countries. Both these factors are cited in international 
negotiations, as strong reasons for richer developed countries like the UK to set more stretching 
goals for cutting emissions.  

Chapter 3 explores the balance between UK and global effort in more detail and explores these 
issues based on the latest evidence and modelling. 
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(c) The benefits of UK climate leadership 

The UK’s GHG emissions are around 1% of global emissions, the same as its population. 
Therefore the UK’s power to affect global climate change and to reduce the resulting risks to the 
UK depends on our ability to influence emissions beyond our borders. The Committee therefore 
consider UK climate leadership to be an important factor when assessing the UK’s long-term 
emissions targets. 

The UK has been a climate leader historically. In Chapter 4 we set out the various ways in which 
the UK has been and can continue to be an effective climate leader. That includes: acting as a 
positive exemplar for climate action while growing the economy, sharing the good governance 
models of the Climate Change Act and EU ETS, deploying and bringing down the cost of key 
technologies like offshore wind, supporting action elsewhere including by providing climate 
finance and through development aid, and taking a lead on green finance, adaptation and other 
issues. 

Climate change can only be tackled with global cooperation. Continuing leadership, from the UK 
and other major economies, will be needed to move the world overall towards the emissions 
pathways required to deliver on the goals of the Paris Agreement. It could also support the UK’s 
global standing by building on an area where we have a proven track record of positive action 
and influence.  

6. Approach to determining a suitable net-zero emissions target for  
the UK 

The Committee’s overall approach in this report 

In considering potential changes to the long-term emissions targets for the UK, Scotland and 
Wales, the Committee has sought to identify targets that best reflect the needs of the science, 
international circumstances including considerations of equity and climate leadership, and 
feasibility in the UK, Scotland and Wales: 

• Any target must be scientifically robust and recognise the need for urgency that was clearly 
emphasised by the IPCC. We set out our assessment of this within the context of the latest 
climate science in Chapter 2. 

• Targets should be aligned to the UK’s international commitments, including through the 
Paris Agreement. That implies a need to reflect both the UK's capability and considerations of 
equity. We consider the international context in Chapter 3. 

• To limit the effects of climate change on the UK and the world, global emissions must fall. UK 
action should support increasing global action. We consider the role of UK leadership in 
Chapter 4. 

• Targets should be realistic. Therefore it is also vital to identify what can be feasibly delivered 
in the UK at an acceptable cost (in the long run and during the transition) and alongside 
other government objectives. Chapters 5 to 7 set out evidence on these areas. 

We bring the evidence on these areas together for our conclusions and recommendations in 
Chapter 8 (Figure 1.5). 
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Figure 1.5. Factors determining the appropriate long-term emissions target for the UK 

Evidence that the Committee has considered 

We have considered an extensive evidence base for this report, including a significant amount of 
new evidence. That includes published sources, responses to our Call for Evidence, input from 
three expert advisory groups and results from 10 new research projects commissioned for this 
report (Figure 1.6, Box 1.3).21 

A significant amount of the Committee’s work programme has been focused on understanding 
what it would take to reduce UK GHG emissions to net-zero. In most cases, the question of 
whether that is realistic by a particular date is not a simple one and involves assessments across 
a range of criteria. 

• As in much of the Committee’s previous work we base those judgements on detailed
bottom-up scenarios, as set out in Chapter 5 and the accompanying technical report.

• The scenarios include changes in behaviour and adoption of new technologies.

• We base the scenarios on the latest understanding of existing technologies and expected
improvements without assuming radical breakthroughs. We recognise the possibility that
innovation could progress more rapidly than we have assumed, particularly as technologies
are deployed at very large scale in the UK and beyond. Against this, there could be under-
performance in some existing technologies or failures of policies to successfully drive
change.

We are able to give clear options for how GHG emissions could be reduced to net-zero. Actions 
would be needed across the economy. The scenarios do not mean central planning, but allow us 
to assess the challenges, opportunities and potential costs involved. They also enable 
identification of the policies and market rules needed to allow the best solutions to come 
through and help prioritise innovation. 

21 The responses to the Call for Evidence and a brief summary synthesis are published on www.theccc.org.uk. 
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Figure 1.6. Engagement and analysis that has informed the net-zero advice 

 

 

Box 1.3. Call for Evidence  

The Committee regularly issues calls for evidence to gather the views of a wide range of experts when 
developing its advice. In October 2018 the Committee called for evidence on building a zero-carbon 
economy. There were 14 questions covering: 

• Climate science (two questions). 

• International  collaboration (two questions). 

• UK opportunities (eight questions). 

• Devolved Administrations (one question). 

• The Committee's planned work programme (one question). 

The Committee received 133 responses to the Call for Evidence. Responses came from a wide range of 
stakeholders, including business and industry, NGOs, academia and individuals. All of the responses are 
provided in full on the Committee on Climate Change website. 

There was general support for a net-zero target, and an acceptance of climate science, as represented 
by the IPCC’s reports. Most submissions focused more on how to achieve a net-zero target, rather than 
the specifics of the target itself. There was a strong call for: 

• Clear and stable policies.  

• Collaboration with or support from Government. 

• Coordination between sectors.  

• A just transition to a low emission economy. 

Respondents were encouraged only to answer questions where they had particular expertise and to 
provide links to supporting evidence where possible. Over a thousand sources of evidence were 
referenced. The two questions with the most responses came under the category ‘UK Opportunities’, 
focusing on how to reduce emissions in sectors where it is more difficult, and how to deliver changes. 
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Introduction and key messages 
At the time of the Committee's 2016 report UK climate action following the Paris Agreement, there 
was limited evidence on the global greenhouse gas (GHG) emissions pathways compatible with 
limiting warming to 1.5°C, the lower level in the Paris Agreement's long-term temperature goal, 
and the avoided climate impacts relative to higher levels of warming. The Intergovernmental 
Panel on Climate Change Special Report on Global Warming of 1.5°C (IPCC-SR1.5), published in 
October 2018, assessed a large new body of evidence that was produced to fill this knowledge 
gap.  

This chapter reviews the updated understanding of the science of climate impacts and global 
emissions reductions needed to address climate change in light of the Paris Agreement. 

Our key conclusions are: 

• Climate change is already here. Human activity has already led to 1°C of global warming 
from pre-industrial levels which has resulted in damaging impacts on lives, infrastructure and 
ecosystems that are apparent today. 

• Any action to reduce emissions helps limit future climate risks. Risks can significantly 
increase even with relatively small increases in global average temperature. There are clear 
benefits from cutting global emissions faster and deeper whatever the currently expected 
level of warming. The world has already shifted away from a 4 - 5°C business-as-usual 
trajectory, with end-of-century projected warming reduced to 3°C under current policies. 
This will bring benefits in terms of limiting future increases in climate risks. 

• Meeting the temperature goal of the Paris Agreement would lead to significantly 
smaller increases in future climate risks. The world has committed in the Paris Agreement 
to keep warming 'well-below' 2°C and to pursue efforts to keep it below 1.5°C. Future 
increases in climate risks would be lower if warming were limited to 1.5°C instead of 2°C, but 
will still be greater than today's levels. Achieving this will require global emissions of all 
greenhouse gases to reduce rapidly over the next few decades, with more rapid decreases 
needed to limit warming to 1.5°C.  

• Net-zero emissions of long-lived greenhouse gases are needed to stop the planet 
warming. Global temperature, which is a good indicator of wider climate risks, will only stop 
rising when global emissions, net of active removals from the atmosphere, of long-lived 
greenhouse gases including CO2 are reduced to zero alongside approximately stable or 
falling emissions of short-lived gases. The Paris Agreement aims for a 'balance' between 
sources and sinks of emissions in the second half of the century - we interpret that as net-
zero for the aggregated total of all GHG emissions. 

• Global emissions pathways reach net-zero CO2 emissions by around 2050 for a 1.5°C 
limit and around 2075 for 'well below 2°C'. Emissions of all greenhouse gas emissions 
(aggregated using standard 'CO2 equivalence' metrics) reduce from around 7 tCO2e/yr per 
capita today to -0.4 - 1.7 tCO2e/yr by 2050 for 1.5°C and 0.8 - 3.2 tCO2e/yr for 'well-below' 2°C 
pathways.  

• The UK can stop its contribution to rising global temperature by reducing its own 
emissions of long-lived greenhouse gases to net-zero. Achieving and then sustaining net-
zero emissions for aggregated total GHG emissions in the UK would go further and 
contribute to decreasing global temperature, implying a slow reversal of past UK 
contributions to warming.   
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We set out our analysis in five sections: 

1. The science fundamentals 
2. Climate impacts: every bit of warming matters 
3. International ambition to tackle climate change - the Paris Agreement 
4. Defining 'net-zero' emissions  
5. Global emissions pathways that align to the Paris goal 

1. The science fundamentals 
The evidence of a changing climate continues to mount. This section provides an update on 
observed climate change and human influence on aspects of it.  

The climate is changing as a result of human activity 

The fundamentals of human influence on the climate system have been understood for a long 
time, with basic understanding of the greenhouse effect going back over a century. Scientific 
assessments of the cause of recent climate changes have regularly been undertaken and have 
come to the conclusion that humans have been the dominant influence.    

Observations show continuing warming and other changes in the climate system: 

• The global average surface temperature over the 2006-2015 decade was 0.87°C (+/- 0.12°C) 
warmer than the 1850-1900 period (used as an approximation for pre-industrial levels by the 
IPCC) and was the hottest decade recorded since modern records began.22  

• September Arctic sea-ice extent has declined by around 13% per decade since 1979.23 

• Global sea-level has risen by about 20cm since the start of the 20th century and the oceans 
have increased in acidity. These ocean conditions are unprecedented in at least the last 65 
million years.24 

• The heat stored in the planet's oceans continues to rise.25 Temperatures are rising in the 
deep ocean (below 2 km depth) with more than 90% of the extra energy trapped by GHGs 
ending up in the oceans. 

IPCC-SR1.5 concluded that human-induced warming26 has exceeded 1°C above pre-industrial 
levels and continues to increase at a rate of 0.2°C per decade (Figure 2.1). Human-induced 
warming will exceed 1.5°C around 2040 if this rate of increase continues. 

• Human influence explains all the observed warming in the 2006-2015 decade with very little 
overall contribution from natural factors. 

• This warming has not been uniform across the planet. Around 20 - 40% of the world's people 
are living in areas where at least one season has warmed by more than 1.5°C already.27   

                                                           
22 IPCC (2018) Chapter 1 - Framing and Context and IPCC (2013) Summary for policymakers, Working Group 1 - 5th 
Assessment Report.  
23 National Snow and Ice Data Center.  
24 IPCC SR1.5 (2018) Chapter 3 - Impacts of 1.5°C of Global Warming on Natural and Human systems.  
25 WMO (2019) Statement on the State of the Global Climate in 2018. 
26 Warming caused by past and present human activities. This is independent of temporary warming and cooling 
from natural climate oscillations such as El Niño and volcanic eruptions. 
27 IPCC (2018) Chapter 1 - Framing and Context.  
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Figure 2.1. Observed and human-induced warming 

Source: HadCRUT4, NOAA, NASA and Cowtan & Way datasets; IPCC (2018) Chapter 1 - Framing and Context. 
Notes: 'Observations' are the average of the four datasets above as in IPCC-SR1.5 including for the full year of 
data for 2018.  

Additional 'fingerprints' of human-induced change are being seen. These include warming of 
the troposphere (the lower part of the atmosphere) and cooling of the lower stratosphere, as 
would be expected from how increased GHG concentrations change the profile of heating and 
cooling throughout the atmosphere's depth.  

The IPCC 5th Assessment Report (IPCC-AR5) provided a thorough assessment of the impacts that 
the current level of warming is already having. It concluded that 'recent climate changes have 
had widespread impacts on human and natural systems on all continents and across the oceans'. 
Attributable impacts included an impact of climate change on crop yields, shrinking glaciers and 
changing rainfall patterns affecting water availability, and changing geographic ranges of 
species on land and ocean.  

Further evidence of human influence on aspects of extreme weather and its impacts on society 
have been detected since IPCC-AR5. Not all extreme weather events have been found to be 
made more likely by climate change28, however around the globe more frequent heat-waves are 
occurring in most land regions, global-scale extreme precipitation has intensified and climate 
change has increased heat-related mortality during particular heatwaves. 

Specific examples of recent detailed analysis include: 

28 For an example see Schaller, N. et al. (2014) The heavy precipitation event of May-June 2013 in the upper Danube 
and Elbe basins. Bulletin of the American Meteorological Society, 95(9), p.S69. 
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• The UK winter floods in 2013/14 (which created around £450 million in insured losses)29 and 
the European summer heatwave in 2018 (which led to wildfires across parts of the United 
Kingdom)30, were both made more likely by climate change. 

• The extreme rainfall from Hurricane Harvey which hit Texas in 2017, causing around $125 
billion in damage, was made more likely and more intense by human-induced warming.31  

• Human-induced warming was found to be a significant contribution to the additional heat-
related deaths in London during the extreme European heatwave of summer 2003 in which 
crop yields fell, power stations were shut down due to overheating and the heat-related 
death toll ran into tens of thousands.32  

It is clear that climate change is here today. There is no longer a 'safe' level of warming in which 
climate impacts can be avoided entirely. Future warming will bring additional increases in the 
climate-related risks already present as well as the emergence of new ones.  

Scientific understanding of drivers of warming 

The driver of this ongoing climate change is human emissions of GHGs into the atmosphere. 
Global emissions of GHGs have continued to increase in recent years: 

• Human emissions of CO2 have grown to a new high of 41.2 GtCO2/yr in 2018, increasing 2% 
above 2017 levels after several years of near-to-zero increase.33  

• Global emissions of all GHGs regulated under the Kyoto Protocol of the UNFCCC are also 
estimated to have reached a record high of 55.1 GtCO2e/yr34 in 2017.35 A further increase is 
expected in 2018 data.  

A large body of literature convincingly demonstrates that the main cause of human-induced 
climate change is the cumulative total emissions of CO2 since pre-industrial times.36  

Cumulative emissions of CO2 are also expected to be the main cause of future warming:  

• Every tonne of CO2 causes approximately the same increase in the long-term global average 
temperature no matter where and when it is emitted. 

• To stop global temperature increasing, global emissions of CO2 must be reduced to net-zero. 
Emitting less CO2 in total will lead to lower levels of warming. 

Estimates of the remaining carbon budget (the total amount of future net CO2 emissions 
consistent with keeping warming below a certain level) for limiting warming to below 1.5°C has 
recently been updated by the IPCC. Keeping warming to below 1.5°C with at least 66% 

                                                           
29 Schaller, N. et al. (2016) Human influence on climate in the 2014 southern England winter floods and their 
impacts. Nature Climate Change, 6(6), p.627. 
30 Met Office (2018) Chance of summer heatwaves now thirty times more likely, https://www.metoffice.gov.uk/about-
us/press-office/news/weather-and-climate/2018/2018-uk-summer-heatwave   
31 van Oldenborgh, G.J. et al. (2017) Attribution of extreme rainfall from Hurricane Harvey, August 2017. 
Environmental Research Letters, 12, 124009.  
32 Mitchell D. et al. (2016) Attributing human mortality during extreme heat waves to anthropogenic climate change. 
Environmental Research Letters, 11(7), 074006. 
33 Updated from Le Quéré, C. et al. (2018) Global Carbon Budget 2018. Earth System Science Data, 10(4), 2141-2194. 
34 Aggregated using GWP100 metric values from the IPCC 4th Assessment Report.  
35 Olivier, J. & Peters, J. (2018) Trends in global CO2 and total greenhouse gas emissions. 
36 Cumulative emissions of CO2 are estimated to have caused around 75% of human-induced warming observed 
thus far. Non-CO2 GHGs and cooling effects of human-emitted aerosols represent other significant contributors, 
with an overall net warming effect.  
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probability corresponds to less than 10 - 14 years at current global emissions rates. This increases 
to 14 - 18 years for a 50% probability.37  

Non-CO2 GHGs with long lifetimes in the atmosphere (e.g. nitrous oxide - N2O) affect the climate 
in similar ways to CO2, but GHGs that are much shorter-lived (such as methane - CH4) behave 
differently: 

• The effect of these short-lived GHGs on global average temperature is much more closely 
controlled by their emissions rate as opposed to the cumulative total of emissions over 
time.38  

• Emissions of short-lived GHGs do not need to be rapidly brought to net-zero, but rather 
stabilised and then slowly decreased to prevent continually increasing global average 
temperature.  

Lower levels of short-lived GHG emissions will lead to a lower global temperature, but global 
temperature can be stabilised without reducing emissions of these short-lived gases rapidly to 
net-zero. 

2. Climate Impacts: every bit of warming matters 
Future climate risks to society are dependent on the interaction of hazard, exposure and 
vulnerability:39  

• Hazard represents the possibility of a specific kind of weather or climate event that may 
have an impact on people or ecosystems (e.g. a river flood). Hazards can change in the future 
as climate change makes some hazards more or less likely. Future changes in hazards are 
uncertain as the exact changes in the climate system in response to GHG emissions are not 
precisely known. However, the level of global average warming is a good indicator for the 
aggregated level of climate-related hazards across the globe.   

• Exposure refers to the amount of natural or human assets that could be impacted if a hazard 
were to occur. For example, people living within a one-in-ten year flood plain would be 
exposed to potential damage under such a flood.  

• Vulnerability reflects the fraction of exposed assets that would actually be impacted if a 
given climate or weather event happened. Actions can be taken to reduce vulnerability. For 
example, ensuring houses within an exposed flood plain have a floodable ground floor 
would reduce the amount of household assets at risk of damage in a flood.  

Actions to cut future emissions around the globe can and are helping to limit expected increases 
in future hazards from climate change. Alongside reducing exposure and vulnerability, 
emissions reductions will bring smaller increases in future climate risk.  

                                                           
37 The range of remaining budgets for a given probability corresponds to different possible definitions of global 
average temperature. Smaller budgets correspond to defining a level of warming as the average near-surface air 
temperature at all locations rather than as a mixture of air temperature over land and ocean surface temperature 
over water. This is because global air temperature has increased slightly more than the blended combination of air 
and water temperatures since the 1850-1900 reference period.  
38 Smith, S.M. et al. (2012) Equivalence of greenhouse-gas emissions for peak temperature limits. Nature Climate 
Change, 2 (7), p.535. 
39 Expected future climate risks to the UK are assessed under the Climate Change Risk Assessment using this 
framework. 
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The following sub-sections summarise projected climate risks at different levels of future 
warming.  

(a) Climate change is already here 

Human-induced warming of around 1°C is having detectable and damaging impacts on people 
and ecosystems today. Amongst other impacts, examples include:  

• The frequency of heatwaves has increased in most land regions.40 This is leading to negative 
effects on human-health and heat-related mortality around the world.41 The frequency and 
intensity of heavy precipitation has increased at a global scale due to climate change.40 

• Patterns of water availability are changing due to melting land-ice and shifting rainfall in 
some parts of the world. Glaciers have been melting across the world due to climate change, 
affecting runoff and downstream water availability.42  

• Ecosystems and species have been impacted by climate change, with many species 
changing their geographical extent and/or migratory patterns. Coral reefs and other ocean 
ecosystems have been more severely and frequently damaged due to climate change. For 
example, the ocean heat that created the worst recorded bleaching of the Great Barrier Reef 
off the coast of Australia in 2016 would have been essentially impossible in a pre-industrial 
climate. Those sea conditions are now expected nearly every one in three years today.43   

• Climate change has affected crop yields, with more negative impacts than positive effects. 
Climate change has been acting to reduce global average yields of wheat and maize by 
around 1% per decade since 1960, preventing yields increasing as fast as they would 
otherwise have done due to other factors.44 

Further warming will bring additional increases in climate risks with many becoming widespread 
and pervasive over the century. The levels of warming that would trigger abrupt and irreversible 
change in the climate system are uncertain but risks increase at higher levels.  

The evidence of a changing climate is also becoming apparent in the UK:  

• The 2008-2017 decade was 0.8°C warmer and 20% wetter than the 1961-1990 average.45 

• UK sea levels have risen by over 16 cm since the early 20th century, increasing the possibility 
of coastal flooding.  

• Changes in the probability of a number of UK extreme weather events have been attributed 
to climate change. For example, the conditions of the summer 2018 heatwave would now be 
expected to occur in about 12% of UK summers, an increase from less than 0.5% under pre-
industrial conditions.46 

                                                           
40 IPCC (2018) Chapter 3 - Impacts of 1.5°C of Global Warming on Natural and Human systems.  
41 Ebi, K.L. et al. (2017) Detecting and attributing health burdens to climate change. Environmental Health 
Perspectives, 125 (8), 085004. 
42 IPCC (2014) Chapter 18 - Detection and Attribution of Observed Impacts, Working Group 2 - 5th Assessment Report.  
43 King, A.D., Karoly, D.J. & Henley, B.J. (2017) Australian climate extremes at 1.5°C and 2°C of global warming. Nature 
Climate Change, 7 (6), 412. 
44 IPCC (2014) Summary for policymakers, Working Group 2 - 5th Assessment Report.  
45 Met Office (2018) State of UK Climate 2017.  Warming in the UK relative to 1961-1990 average is similar to warming 
since 1900.  
46 Met Office (2018) Chance of summer heatwaves now thirty times more likely, https://www.metoffice.gov.uk/about-
us/press-office/news/weather-and-climate/2018/2018-uk-summer-heatwave   
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Some aspects of the climate system will continue to change over the very long term, even under 
the most ambitious future reductions in global emissions. For example, global sea levels would 
continue to rise for decades to centuries even if global GHG emissions were brought very rapidly 
to zero.47 

(b) Actions to cut emissions are already helping to limit future increases in climate 
risks 

Global emissions will continue to rise without action to reduce them. This business-as-usual 
trajectory would lead to an expected 4 - 5°C increase in global average temperature above pre-
industrial levels by 2100 with more warming expected afterwards. This would lead to severe and 
widespread climate impacts:  

• Large increases in water-stress are projected for many regions, particularly already arid ones. 
At the same time, increases in extreme precipitation would mean many more people are 
exposed to flooding risks than today. A recent study estimates that nearly 80% of the world's 
population could be exposed to significant river flood risks in a 4°C world.48 Warming and 
increases in humidity in many regions could make outdoor activities very difficult or even 
impossible. This could create substantial possible economic impacts on agriculture, 
construction and tourism.  

• Large risks of wide-spread biodiversity loss would be expected. Many freshwater and land-
based species would face substantial risk of extinction with limited suitable places available 
to migrate to.  

• Large risks to the functioning of the global food system could occur with a substantial 
chance of large-scale crop failures. These risks are expected to be felt particularly by poor 
and vulnerable populations across the world. Large-scale failures of food systems and other 
climate impacts, such as increases in climate-related extreme events, could contribute to 
large-scale migration of people around the world creating pressures on social and economic 
systems.  

• Risks of crossing irreversible tipping points within the climate system (such as triggering slow 
but inevitable collapses in ice-sheets or the permanent loss of ecosystems) would be high. 
These could lead to large and very long-lasting changes in the climate. For instance, an 
irreversible loss of the Greenland ice-sheet could raise global sea-levels by several metres 
over centuries to millennia. 

However, the world has already begun to move away from a business-as-usual future. 
Continuing to mitigate global emissions through to 2100 in line with commitments submitted 
to the Paris Agreement would lead to expected end-of-century warming of around 3°C.49 
Uncertainties in the response of the climate to GHG emissions means that there is still a range of 
outcomes consistent with this current trajectory. Based on an assessment of uncertainties, 

                                                           
47 Mengel, M., Nauels, A., Rogelj, J. & Schleussner, C.F. (2018) Committed sea-level rise under the Paris Agreement 
and the legacy of delayed mitigation action. Nature Communications, 9 (1), 601. 
48 Alfieri, L. et al. (2017) Global projections of river flood risk in a warmer world. Earth's Future, 5 (2), 171-182. 
49 Jeffery, M.L., Gütschow, J., Rocha, M.R. & Gieseke, R. (2018) Measuring Success: Improving Assessments of 
Aggregate Greenhouse Gas Emissions Reduction Goals. Earth's Future, 6 (9), 1260-1274. This assumes a generally 
similar level of effort of decarbonisation is continued post-2030 as prior to 2030 to achieve the NDC level of 
emissions and a fragmented implementation of international climate policy. Essentially it assumes broadly flat 
emissions in the near-term rather than rises assumed in the business-as-usual trajectory. 
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maintaining current rates of emissions reduction relative to business-as-usual would reduce the 
risk of exceeding 4°C of warming by 2100 to around 10%.50  

In this 3°C world exposure to climate risks would still be high but would be reduced compared 
to business-as-usual: 

• Heatwave exposure is still expected to be large across the world, but lower than under 
business-as-usual. For example, research suggests that the global population exposed to 
heatwave risks in 2100 could be halved from over 8 billion under business-as-usual to around 
4.5 billion in a 3°C world.51 

• Risks to land-based ecosystems are still projected to reach very high levels, but evidence 
suggests these will be lower than at higher warming levels. For example, the fraction of 
mammal species that are expected to lose over 50% of their geographical range by 2100 
reduces from around 40% under business-as-usual to 25% at 3°C warming.52  

• Risks of 'tipping points' are reduced. For example rapid and widespread high-latitude and 
rainforest dieback could destroy critical regions of biodiversity and high carbon storage. 
Risks of triggering these tipping points would be significantly reduced under the current 
trajectory compared to business-as-usual. However, the overall risks of 'large-scale singular 
events' would still be high at 3°C, in part due to new evidence for possible instability in the 
West Antarctic ice-sheet.53  

Whilst the current trajectory has lower climate risks than the business-as-usual trajectory, it 
would still leave an undesirably high exposure to climate risk and will not be sufficient to avoid 
damaging climate change.  

(c) More climate risks can be avoided by additional global action to cut emissions 
faster and deeper 

Limiting future increases in climate risks to lower levels requires lower global cumulative 
emissions of long-lived gases and deeper cuts in short-lived GHGs.  

Any further increases in emissions reduction will help limit future increases in climate risk: 

• Small increases in global average temperature have detectable consequences for climate 
extremes. Whilst the average global temperature increase between 1960-1979 and 1991-
2010 was only 0.5°C, one-quarter of the planet's land area experienced an increase in the 
annual-maximum daily-high temperature of over 1°C for the same period.54  

• Climate modelling suggests that each additional 0.1°C restriction in expected future 
warming would help limit increases in the intensity of damaging climate extremes.55   

Increasing emissions reduction, so as to keep warming to below 2°C, would avoid a number of 
damaging climate risks that are expected under the current trajectory. Climate risks would be 
                                                           
50 Rogelj, J. et al. (2016) Paris Agreement climate proposals need a boost to keep warming well below 2°C. Nature, 
534 (7609), 631. 
51 Arnell, N. et al. (2015) The global impacts of climate change under 1.5ºC, 2ºC, 3ºC and 4ºC pathways (AVOID2).  
52 Warren, R. et al. (2018) The implications of the United Nations Paris Agreement on climate change for globally 
significant biodiversity areas. Climatic Change, 147 (3-4), 395-409. 
53 IPCC (2018) Chapter 3 - Impacts of 1.5°C of Global Warming on Natural and Human systems. 
54 Schleussner, C.F., Pfleiderer, P. & Fischer, E.M. (2017) In the observational record half a degree matters. Nature 
Climate Change, 7 (7), 460. 
55 Seneviratne, S.I. et al. (2016) Allowable CO2 emissions based on regional and impact-related climate targets. 
Nature, 529 (7587), 477. 
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significantly greater than today, but keeping warming to below 2°C could enable adaptation 
actions to be effective in reducing impacts on people and ecosystems: 

• Risks from extreme weather events would still be 'high' at 2°C warming above pre-industrial 
levels, but lower than at higher levels of warming. These lower risks of climate extremes 
would have benefits for people and society. For example, recent research indicates that 
keeping warming to below 2°C would nearly halve the expected global average drought 
length relative to a 3°C warmer world from 18 months to 11 months.56  

• Significant changes in ecosystems would occur at 2°C warming, but there would be clear 
benefits compared to higher levels of warming, with global species extinction risk reducing 
to a moderate level compared to high levels under 4°C warming.57 However, the rate of 
climate change would still likely be too fast for many species to be able migrate to regions 
with acceptable climates.  

• Impacts on human systems and the economy would be lower than at higher levels, but not 
zero. For example, research estimates that impacts on human systems would be lower if 
warming was limited to 2°C compared to 3°C across a range of different indicators, including 
impacts on crop yields and flooding risks.58 

• As there is substantial uncertainty regarding where 'tipping points' within the climate system 
might be, risks of 'large-scale singularities' in the climate system are still moderate at 2°C, but 
lower than at higher levels of warming.  

Global efforts to increase emission reductions are also expected to lead to lower future increases 
in climate risk within the UK (Box 2.1). 

An international UN review of climate risks determined that considering 2°C of warming as a 
'guardrail' that can keep climate risks within 'safe' levels isn't appropriate.59 Climate impacts are 
already here today and would be substantially greater at 2°C of warming. Efforts to keep 
warming as low as possible will help in keeping the future increase in damaging climate risks as 
little as possible. For instance, IPCC-SR1.5 identified a number of expected additional climate 
risks that would be avoided by keeping warming to below 1.5°C compared to higher levels.60 A 
summary of these is provided in Box 2.2. 

 

 

 

 

                                                           
56 Naumann, G. et al. (2018) Global changes in drought conditions under different levels of warming. Geophysical 
Research Letters, 45 (7), 3285-3296. 
57 For example, the probability of an ice-free Arctic summer each year would be reduced to 10% from over 50% in a 
3°C world. Arctic sea-ice is critical for the unique Arctic ecosystem.  
58 Arnell, N. et al. (2015) The global impacts of climate change under 1.5ºC, 2ºC, 3ºC and 4ºC pathways (AVOID2). 
59 UNFCCC (2015) Report on the structured expert dialogue on the 2013-2015 review.  
60 A 1.5°C warmer world would still see significant increases in climate risk compared to today.  
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Box 2.1. Future climate risks in the UK 

The UK is expected to be exposed to a number of key climate risks. These risks are likely to come from 
direct climate changes in the UK and the indirect effect of climate change overseas affecting 
interconnected global systems.  

In a business-as-usual world reaching a global warming of 4°C by 2100, significant and systemic 
impacts are projected to occur. There would likely be limits to adaptation actions to reduce these risks 
in many cases. Examples of these climate risks include: 

• Extreme heat. Warming across the entirety of the UK is expected, with summers warming more
than winters. Central England average summer temperature could increase by between 1.1 and
5.8°C by the 2070s (compared to the 1990s). Temperatures experienced during the 2018 summer
would be expected more often than every other year by the 2090s.

• Water availability. Wetter winters and drier summers are expected, with around 40% less
precipitation in an average summer across the UK (compared to the 1981-2000 average), leading to
water deficits in around 25% of water resource zones.

• Sea-level rise and flooding. The projected range of sea level rise for the UK’s capital cities is
between 30 cm to 1.15 metres by 2100. This is creating a growing threat of damaging coastal
flooding. The population at significant risk of surface, river or coastal flooding would be expected
to rise to 3.3 million by 2050 in a 4°C scenario.

• Systemic risks. Climate-related disruptions to global food systems and livelihoods is likely to
create significant risks of food price shocks and possibly increase migratory pressures.

Limiting global average warming to 2°C by 2100 would bring a smaller increase in future climate risks 
to the UK in contrast to a 4°C world. For example: 

• Extreme heat. Central England summer temperature rises would be between 0 and 3.3°C warmer
in the 2070s compared to the 1990s, and the 2018 summer would be considered average, rather
than cool by the 2090s.

• Water availability. Water deficits would affect less than 15% of water resource zones, and it is
likely that adaptation measures could manage most of the increased risk from flooding and water
scarcity.

• Sea-level rise and flooding. The range of sea level rise for the UK’s capital cities would be reduced
to 11–70 cm by 2100. The population exposed to a significant risk of flooding in 2050 would be
around 2.6 million, lower than in a 4°C world.

Lower levels of climate change are also expected to bring some opportunities and benefits to the UK: 

• Outdoor activities may become more attractive, helping to promote healthier lifestyles.

• Cold-related deaths would be expected to decline with future warming, these are larger than heat-
related deaths in the UK, but are only expected to decline a little due to the effects of an ageing
population.

• Growing seasons may lengthen and productivity in agriculture, forestry and fisheries may improve.
However, realising these benefits will likely require careful actions to manage soil and water
resources.

The evidence base of the effects of limiting warming to 1.5°C instead of 2°C in the UK is growing but 
still limited. It is expected to develop further over the next few years.  

Source: CCC (2016) Climate Change Risk Assessment 2017 Evidence Report. 
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Box 2.2. Climate risks at 1.5°C warming 

The recent IPCC Special Report on Global Warming of 1.5°C summarised climate risks at a global 
average warming of 1.5°C and compared them to higher levels of warming. It assessed a body of new 
literature that aimed to close a gap identified in the understanding of climate risks by the Paris 
Agreement.  

Key findings from the report included: 

• Half a degree centigrade of global warming matters for climate risks. Both observations and
climate models show clear increases in climate risks for this level of extra warming.

• Climate extremes. Temperature extremes are expected to increase by 2-3 times the increase in
global average temperature between 1.5°C and 2°C. Around 420 million fewer people would be
exposed to extreme heatwaves if warming was kept to 1.5°C than 2°C.

• Ecosystems. Risks of species extinction on the land and in the ocean are lower at 1.5°C than 2°C.
For example, the fraction of global land area that would change ecosystem type due to climate
change factors at 2°C (13%) would be roughly halved if warming was kept below 1.5°C (7%).

• Distribution of risks. The additional increase in climate risk between 1.5°C and 2°C warming
would affect poor and vulnerable people most of all. Poverty and disadvantage have increased
with recent warming and are expected to increase for many populations as average global
temperature increases from 1°C to 1.5°C and higher.

• Irreversible changes. Marine ice sheet instability in Antarctica and/or irreversible loss of the
Greenland ice sheet could possibly be triggered by warming between 1.5°C and 2°C. Keeping
warming as low as possible reduces the risk of triggering these large-scale irreversible shifts.

The IPCC Special Report highlighted that the climate impacts under pathways that temporarily 
overshoot 1.5°C before returning warming to below 1.5°C by the end of the century have greater 
climate risks than those that permanently stay below 1.5°C. These differences mean that there is not a 
single '1.5°C warmer world'.  

• Pathways with substantial (>0.1°C) temporary overshoots of 1.5°C have very similar probabilities of
peak warming reaching levels with very high climate risks (e.g. a 4°C warmer world) as pathways
that limit warming to below 2°C with >66% probability.

• Risks of triggering irreversible changes in the climate system are largely a function of the maximum
level of warming reached, for instance some ecosystems are particularly sensitive to heat-stress
(such as warm water corals) and may be wiped out at the higher level of peak warming, but may
survive if warming is kept below 1.5°C at all points.

Overall, the IPCC concluded that climate risks at a global warming of 1.5°C would be significantly lower 
than at 2°C, while at the same time being significantly greater than the level currently being 
experienced.  

Source: IPCC (2018) Special Report on Global Warming of 1.5°C. 
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(d) Global action to cut emissions faster and deeper would help to achieve UN 
Sustainable Development Goals  

International efforts to combat climate change sit alongside the broader international efforts to 
reach the United Nation's Sustainable Development Goals (SDGs).61  

• The SDGs consist of 17 separate global goals or targets that were agreed by governments, 
including the UK, in 2015, prior to the Paris Agreement. They include ending poverty in all its 
forms, zero global hunger and affordable and clean energy for all.  

• Governments are aiming to achieve the SDGs by 2030.  

• Many SDGs are directly or indirectly affected by the state of the global climate system. For 
instance, the ‘Life below Water’ goal to achieve healthy and sustainable oceans is affected by 
the warming and acidification of the oceans due to climate change, whilst the ‘Clean water 
and Sanitation’ goal will be affected by changing risks of droughts and floods.  

Increases in climate risks are expected to fall predominantly on the most vulnerable parts of 
society. Keeping warming to lower levels would therefore help efforts to achieve the SDGs.  

• Poorer and more vulnerable parts of society are expected to be more exposed to impacts 
from a number of climate risks. For instance, poor quality housing and a lack of access to 
effective health care can mean that these groups are more impacted by extreme weather 
events.  

• Under a world warming more than 2°C, it is expected that over 2.7 billion people would be 
exposed to multiple severe climate risks (e.g. land, water or energy risks). The areas with the 
largest fraction of population exposed are Asia, Africa and Latin America.62 This number 
could be nearly halved to 1.5 billion if warming could be limited to 1.5°C.  

Efforts to reduce emissions and remove GHGs from the atmosphere could come into conflict 
with achieving the SDGs if not implemented carefully. This could particularly be the case for 
land-based GHG removal, such as the very large-scale use of bioenergy with carbon-capture and 
storage (BECCS), which may create conflicts with other uses of land such as food production. 
This can be reduced by using a range of technologies to remove GHGs from the atmosphere and 
supporting global development patterns that reduce the need for GHG removal. Overall, the 
IPCC concluded that limiting warming to ‘well below 2°C’ and pursuing efforts to limit warming 
to 1.5°C is expected to have more synergies than trade-offs with efforts to achieve the SDGs and 
would help to achieve them.63  

 

 

 

                                                           
61 United Nations (2015) Sustainable Development Goals, https://sustainabledevelopment.un.org/?menu=1300  
62 Byers, E. et al. (2018) Global exposure and vulnerability to multi-sector development and climate change hotspots. 
Environmental Research Letters, 13 (5), 055012. 
63 IPCC (2018) Chapter 5: Sustainable Development, Poverty Eradication and Reducing Inequalities. 
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3. International ambition to tackle climate change - the Paris Agreement 
This section provides a brief introduction to the Paris Agreement and the elements of the 
agreement that are relevant to understanding its implications for global emissions reduction 
pathways.  

(a) The UNFCCC process and the Paris Agreement 

The United Nations Framework Convention on Climate Change (UNFCCC) is the overarching 
environmental treaty that brings countries together to tackle climate change. The Paris 
Agreement, adopted at the 21st conference of parties to the UNFCCC (COP21) in December 
2015, represents the first global climate agreement signed under the UNFCCC bringing together 
nation states under a single set of rules to address the threat of climate change.  

• The agreement was the result of a long process to agree an international climate framework 
for after 2020 (the end date for the voluntary second commitment period of the Kyoto 
Protocol). It represents the long-term successor to both the Kyoto Protocol and the 2010 
Cancun Agreements. 

• The agreement came into force on 4 November 2016 after 55 countries had ratified it, 
representing over 55% of global emissions.  

• The agreement was ratified by the UK on 17 November 2016. 185 countries had ratified as of 
the start of April 2019.  

• The rulebook for the agreement was completed64 at COP24, held in Katowice, Poland, in 
November 2018.  

Further details of the Paris Agreement relevant to the UK share of global effort and actions that 
UK can take to aid the global effort are provided in Chapters 3 and 4.  

(b) The Paris long-term temperature goal 

The overall objective of the UNFCCC is ‘stabilising greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous anthropogenic interference in the 
climate system’. Current understanding is that the increase in the global average temperature is 
a good indicator of overall climate risk.65  

The Paris Agreement contains a long-term temperature goal in which Parties commit to ‘holding 
the increase in the global average temperature to well below 2°C above pre-industrial levels 
and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels, 
recognizing that this would significantly reduce the risks and impacts of climate change’. 

• This long-term temperature goal was designed as an explicit strengthening of the Cancun 
Agreements' goal to hold the rise in long-term temperature 'below 2°C’.  

                                                           
64 With the exception of concluding the negotiations regarding international collaboration in meeting mitigation 
goals and market-mechanisms, which was pushed to COP25.  
65 Assessments of climate-change related risks at various levels of global average warming incorporate expected 
geographical differences in the pattern of warming across the globe. This includes features such as greater warming 
in Arctic regions and greater warming over land compared to the ocean, as well as non-temperature impacts such 
as ocean acidification.  
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• It emerged following an official UNFCCC review of the adequacy of the long-term target 
before 2015, which examined the possibility of strengthening it to 1.5°C.66  

• Throughout this report we use a definition of 'global average temperature' consistent with 
that used as a working definition in IPCC-SR1.5, which distinguishes human-induced 
warming from that caused by natural factors.67  

The levels of warming referred to in the Paris Agreement represent long-term average levels 
(e.g. over 30 years) and not warming in a particular year, which will vary around the long-term 
average due to natural climate cycles. A year, or even a period of years, with the observed global 
average temperature above 1.5°C would not necessarily indicate that human-induced warming 
has exceeded the lower level of the Paris Agreement long-term temperature goal.     

Interpreting the long-term temperature goal 

Uncertainty in the climate response to emissions of GHGs means that it is only possible to say an 
emissions pathway would keep warming below a given level with a particular probability. 
Judgements are therefore required regarding acceptable levels of certainty of keeping warming 
below the levels in the Paris Agreement long-term temperature goal to set compatible long-
term emissions targets.     

In this report we interpret global emissions pathways with at least a 66% chance of limiting 
peak warming to below 2°C, and a median warming of 1.6-1.8°C, as a minimum level of global 
ambition to limit warming to ‘well-below’ 2°C. We interpret pathways with at least a 50% 
chance of limiting peak warming to 1.5°C68 as consistent with a global ambition of limiting the 
temperature increase to 1.5°C. 

• This definition allows us to use the global pathways from IPCC-SR1.5 that are grouped as 
‘>66% below 2°C’ and ‘>50% of low or no overshoot of 1.5°C’ as representative of the bounds 
of effort that are compatible with the Paris Agreement.  

‒ This classification incorporated IPCC-AR5 estimates of uncertainty in climate sensitivity, 
the radiative forcing on the climate and carbon-cycle feedbacks.   

• This interpretation for the minimum level of ambition consistent with ‘well-below’ 2°C 
implies a range of median expectation for peak warming of 1.55 - 1.83°C based on the 

                                                           
66 UNFCCC (2015) Report on the structured expert dialogue on the 2013–2015 review.  
67 This definition uses a mixture of ocean surface warming and near-surface air temperature warming over land. 
Global surface air temperature over both land and ocean is often used in the climate modelling community to 
represent global average temperature, particularly for future projections. Pre-industrial levels are defined as being 
represented by the average level over the 1850-1900 period. 
68 We allow for small (<0.1°C) overshoots within our definition in order to reflect scientific uncertainty regarding the 
shape of the distribution of future climate outcomes for a given emissions pathway. This was done in IPCC-SR1.5, 
which used two simple climate models to assess the consequences of emissions pathways for the climate (MAGICC 
and FaIR). The simple climate model that projected lower future warming (FaIR) indicated that median peak 
warming could be 0.1-0.2°C lower than simulated under the MAGICC climate model, suggesting that scenarios 
which are categorised with a peak warming slightly in excess of 1.5°C (based on MAGICC) may in fact keep warming 
below 1.5°C with 50% or greater probability.  
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MAGICC model (Figure 2.2).69 Pathways limiting warming to below 1.5°C with >50% 
probability have a probability of exceeding 2°C between 6 - 14%.70  

• This interpretation is similar to the Committee's interpretation in our 2016 report UK climate
action following the Paris Agreement, although at that time pathways were not available that
kept warming below 1.5°C without a temporary overshoot with a greater than 50%
probability.

Temperature peak and decline 

Peaking and then declining global temperature is a feature of many global emissions pathways, 
including some that limit peak warming below 1.5°C with no or low overshoot (Section 5). This 
would require large-scale net removal of CO2 from the atmosphere (Section 4). 

Figure 2.2. Projected warming for emissions pathways estimated to achieve the Paris Agreement long-
term temperature goal 

Source: Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 
8 (12), 1027.  
Notes: Indicative pathways consistent with this report's interpretation of the long-term temperature goal of the 
Paris Agreement. Solid lines indicate the median temperature outcome with shading indicating the 5th - 95th 
percentile uncertainty assessed by the MAGICC simple climate model. These uncertainty plumes do not show 
uncertainty from the choice of emissions scenario. These uncertainty plumes also do not include the effect of 
possible Earth System feedbacks such as permafrost thawing. The particular pathways shown here are the SSP2-
1.9 and SSP2-2.6 scenarios from the AIM/CGE 2.0 model.  

69 Using the FaIR simple climate model, also used in IPCC-SR1.5, would suggest a range of median peak warming of 
1.27-1.57°C for these same emissions pathways.  
70 This does not incorporate the effect of possible 'Earth system' feedbacks, such as permafrost melting which could 
increase the upper end of the range of possible warming over the long-term.   
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In our assessment, it currently remains unclear whether decreasing global temperatures 
following peak warming would be desirable:  

• If removal of CO2 is implemented predominantly with large-scale use of removal methods 
depending on the availability of land, such as bioenergy with carbon capture and storage 
(BECCS) and afforestation, the very large areas of land required could create conflicts with 
other land-uses such as food production. 

• Substantial investments in adaptation may be required to reduce climate impacts at peak 
warming anyway, regardless of whether temperatures then decline again.  

• The cost effectiveness of additional investments in very large-scale deployment of carbon 
removal technologies to reduce global temperature after it peaks is not currently clear.  

Although reducing global temperature after peak will reduce some climate risks, pathways that 
temporarily overshoot a particular level of warming have higher climate risks than those that 
permanently stay below it (Box 2.2). For instance, risks of triggering irreversible change in the 
climate system (such as ice sheet collapse) would be greater. 

We therefore take a prudent approach and consider the Paris Agreement long-term temperature 
goal as referring to peak levels of warming for the purpose of setting a long-term emissions 
target for the UK. 

(c) Balancing sources and sinks in the second half of the century 

The Paris Agreement supports achieving the long-term temperature goal through a 
commitment to ‘global peaking of greenhouse gas emissions as soon as possible’ and 
subsequently to reach a ‘balance between anthropogenic emissions by sources and 
removals by sinks of greenhouse gases in the second half of this century’. 

• Whilst not being explicit about the metric of aggregation, this ‘balance’ is generally assumed 
to refer to net-zero GHGs emissions at a global scale.   

• ‘Anthropogenic’ refers to both the sources and the sinks of emissions.71 This excludes the use 
of natural carbon sinks that would occur independent of human actions to achieve this 
ebalance. This is required to be consistent with the scientific literature that has examined the 
connection between net-zero human CO2 emissions and limiting long-term human-induced 
warming.  

Throughout this report we use a working interpretation of this global 'balance' as net-zero GHGs 
aggregated using currently standard methodologies for defining 'CO2 equivalence' (Box 2.4). An 
effective UK contribution to achieving this global 'balance' is discussed in Chapter 3. 

 

 

 

                                                           
71 Fuglestvedt, J. et al. (2018) Implications of possible interpretations of ‘greenhouse gas balance' in the Paris 
Agreement. Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 376 
(2119), p.20160445. 
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4. Defining ‘net-zero’ emissions 
A net-zero target could be set for CO2 only or could include emissions of additional GHGs. This 
section looks at the effects of different definitions of net-zero emissions on global temperature.  

Global net-zero emissions of long-lived greenhouse gases and stable or falling emissions of 
short-lived greenhouse gases are needed to stop global temperature increasing. 

• Long-lived greenhouse gases accumulate in the atmosphere, so continued emissions of 
these gases leads to continually increasing warming. In order to stop global temperature 
increasing, global emissions of these gases must be brought to near net-zero. Warming 
created by long-lived gases is not naturally reversible on the timescale of decades-to-
centuries. Therefore, reducing this warming requires the removal of long-lived gases from 
the atmosphere. CO2 and other long-lived gases (such as N2O) can be aggregated as 'CO2 
equivalent' whilst still relatively accurately capturing their effects on global temperature.  

• Short-lived greenhouse gases such as methane affect the climate in qualitatively different 
ways to CO2, with constant rates of emission leading to an approximately constant level of 
raised global average temperature but not continually increasing warming (Box 2.3). 72 
Aggregation as 'carbon dioxide equivalent'73 fails to capture this fundamental difference in 
how emissions of short-lived and long-lived GHGs affect global temperature. However, other 
constraints such as international comparability (Box 2.4) support the continued use of 
existing 'CO2 equivalence' metrics for now.  

Global net-zero GHGs74 is expected to lead to falling global temperature if maintained, as net-
negative long-lived GHGs offset residual stable or falling emissions of short-lived gases such as 
methane.  

• No mitigation options exist to entirely remove all sources of short-lived gases such as 
methane (which are produced by agricultural processes, such as in the digestive systems of 
cattle, and by waste degrading in landfill) over foreseeable timeframes. Therefore reaching 
net-zero GHGs will require net-removals (or 'negative emissions') of long-lived gases from the 
atmosphere to compensate for these residual short-lived emissions.   

• Net-negative long-lived emissions alongside stable short-lived emissions have a cooling 
overall effect on global average temperature. The amount of net-negative long-lived gases 
required to reach net-zero depends on how much short-lived emissions remain. Therefore a 
range of possible rates of cooling under maintained net-zero aggregated GHGs are possible.   

Interpreting the Paris Agreement commitment to achieve a balance of sources and sinks as net-
zero GHG emissions therefore implies falling global temperatures before the end of the century, 
but it does not specify from when or how quickly.   

                                                           
72 A slow decline of methane emissions is in fact required to produce a constant level of warming, due to the slow 
thermal adjustment of the climate system. However, this rate of decline is on the order of <1% per year and can be 
approximated by constant emissions.   
73 Carbon dioxide equivalent is conventionally calculated using the GWP100 metric. GWP100 (the 100-year horizon 
global warming potential) equates GHGs based on a measure of the total energy that a single one-off emission of 
the gas would trap in the climate system over 100 years. It has long been known that this is an imperfect proxy for 
the effect of the emissions of a gas on global temperatures. 
74 Our scenarios for UK emissions reductions are presented in terms of CO2 equivalence using the GWP100 values 
from the IPCC 4th Assessment Report, but the implications of using IPCC 5th Assessment Report values are explored 
in Chapter 5. 
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Box 2.3. Long-lived and short-lived GHGs 

CO2 is the main GHG emitted by humans: 

• Once CO2 is emitted the land surface and the ocean take up some carbon out of the atmosphere,
but a significant fraction remains for centuries to millennia.

• This creates warming that persists in the long-term. Each additional tonne of CO2 emitted adds
more long-lasting CO2 to the atmosphere and creates more warming, meaning that global
temperature increases in proportion to the cumulative total emissions of CO2. Emissions of CO2

must therefore be brought to net-zero to stop temperature increasing.

Some other GHGs also have long atmospheric lifetimes and accumulate in the atmosphere causing 
persistent long-term warming. Nitrous oxide (lifetime of ~120 years) and a number of F-gases (e.g. SF6 
with a lifetime of 3,200 years) fall into this category.  

Gases with a considerably shorter atmospheric lifetime, such as methane (lifetime of ~12 years) and 
some other F-gases (e.g. HFC-32, lifetime ~4.9 years), behave very differently: 

• Their relatively short-lifetimes mean that for a constant rate of emission, atmospheric
concentrations of a short-lived gas quickly increase to the point at which the amount of the gas
decaying out of the atmosphere each year is equal to the amount being added through new
emissions, keeping atmospheric concentrations constant. This only causes a slow increase in global
temperature as the deep oceans warm-up on the timescale of several centuries.

• Maintaining constant emissions of a short-lived gas would therefore maintain the existing warming
effect. This is unlike CO2, for which atmospheric concentrations and warming both continue to
steadily increase with sustained emissions.

• Offsetting the slow additional increase in warming to keep global temperature constant would
only require emissions of the short-lived gas to fall by less than 1% per year. This is unlike for CO2,
for which emissions have to fall to near net-zero. Reducing the rate of emissions of a short-lived gas
faster than around 1% year would lead to lower atmospheric concentrations and a decrease in the
level of global warming.

Non-CO2 effects from aviation, which include the emission of nitrogen oxides and contrails, is an 
additional example of a human effect on the climate system that is also largely short-lived. Finding a 
way to eliminate these effects (which have an overall warming effect on the climate) before global 
temperatures peak would contribute to a lower peak warming if done without a compensating 
increase in CO2 emissions.  

Source: CCC analysis; IPCC (2018) Chapter 1 - Framing and Context; Oxford Martin School (2017) Climate metrics 
under ambitious mitigation. 

Consequences of a UK net-zero target for the global climate 

As emissions of GHGs mix relatively uniformly throughout the Earth's atmosphere, UK net-zero 
targets would have the same qualitative effects on global temperature as at the global level.  

• Net-zero UK emissions of long-lived greenhouse gases would stop the UK contribution
to global temperature rise. Our scenarios for UK emissions reduction in Chapter 5 indicate
that net-zero long-lived gases would be reached at around a 97% reduction in aggregated
GHGs. This would involve 14 - 16 MtCO2e/yr of net removal of CO2 from the atmosphere to
compensate for around 14 MtCO2e/yr of N2O emissions and 0 - 2 MtCO2e/yr of long-lived F-
gas emissions. Residual emissions of methane and short-lived F-gases would be 28 - 30
MtCO2e/yr.
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• Reaching net-zero GHG emissions in the UK would see the UK contribution to rising
temperatures start to reduce prior to the date of net-zero. Our scenarios for net-zero
GHGs involve lower CO2 emissions (i.e. higher net removals of CO2) and possibly some further
reductions in emissions of N2O and methane.

An earlier date for net-zero GHG emissions would mean the UK contribution to warming would 
start to fall earlier and from a lower level. The UK's temperature impact would continue to rise 
after 2050 under the current target for an 80% reduction by 2050 relative to 1990 (Figure 2.3).  

Figure 2.3. UK impact on global temperature under hypothetical future emissions pathways 

Source: CCC analysis.  
Notes: Emissions of F-gases are excluded from these calculations but their relative contribution to warming is 
expected to be relatively small compared to the total of the other GHGs. A near-term emissions pathway 
consistent with the CCC's current cost-effective path for the 4th and 5th carbon budget period is assumed. 
Contributions to warming are calculated using the climate response functions for calculating emissions metrics in 
IPCC-AR5. Net-zero GHG emissions are maintained from the time they are achieved. Net-zero GHG emissions is 
assumed to be reached with additional CO2 removals beyond the 'Further Ambition' scenario in Chapter 5. 
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Box 2.4. Implications of the Paris Agreement and the Climate Change Act for greenhouse gas metrics 

The aggregation of different GHGs can be done using a variety of 'CO2 equivalence' metrics. Most 
commonly used is the global warming potential for a 100-year time horizon (GWP100). This metric is 
used by the UK GHG inventory.  

• GWP100 is a measure of the total heat-trapping potential over the next 100 years of emitting 1 kg of
a GHG today, relative to emitting 1 kg of CO2.

• This metric was recommended for use in aggregating greenhouse emissions by the IPCC in its 4th
Assessment Report, but the 5th Assessment Report did not recommend the use of GWP100 over any
other metric.

GWP100 equates 1 MtCO2e/yr of sustained methane emissions with 1 MtCO2/yr of sustained CO2 
emissions, but they will have very different effects on global temperature. GWP100 over-states the 
importance of methane for long-term temperature. This is particularly relevant once emissions are 
constant or falling.  

Despite its scientific limitations, the international community decided at COP24 (in 2018) to 
standardise GHG reporting under the Paris Agreement transparency framework using the GWP100 
metric.  

• This means that future NDCs should all be stated using a common basis to aid aggregation at the
global level.

• GWP100 values to be used are those from the 5th Assessment Report of the IPCC, which proposed
some revisions to values in the 4th Assessment Report. This will require the UK inventory to be
updated to use these more up-to-date metric values by the end of 2024.

• The Climate Change Act requires all regulated GHGs to be included in the long-term emissions
target and interim carbon budgets with CO2 equivalence calculated consistently with international
reporting practice.

Throughout this report we therefore continue to use existing GWP100-based aggregation of GHGs to 
maintain consistency with these internationally-agreed frameworks. We explore sensitivities for UK 
emissions reflecting the revised values proposed in the IPCC 5th Assessment Report in Chapter 5. 

Source: CCC analysis; Allen, M.R. et al.  (2018) A solution to the misrepresentations of CO2-equivalent emissions of 
short-lived climate pollutants under ambitious mitigation. npj Climate and Atmospheric Science, 1 (1), 16. 

5. Global emissions pathways that align to the Paris goal
IPCC-SR1.5 assessed a large body of new scenarios of the climate and the energy system that 
succeed in limiting warming to the long-term temperature goal of the Paris Agreement. This 
section examines characteristics of these emissions pathways, which are illustrated in Figure 2.4 
and Figure 2.5. The details of the global transition underlying these emissions pathways are 
found in Chapter 3.  

Throughout this section we use 'well-below' 2°C and '1.5°C' to refer to, respectively, the least 
ambitious and most ambitious ends of our interpretation of the Paris Agreement long-term 
temperature goal as defined in Section 3. 

All emissions pathways consistent with the Paris Agreement share a number of characteristics: 

• Rapid peaking of global emissions. Pathways that start emissions reductions from 2020
peak CO2 and aggregated GHG emissions over the next decade (i.e. before 2030, in most
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cases well before). 1.5°C scenarios have substantially more near-term mitigation than in 
'well-below' 2°C pathways leading to lower levels of CO2 emissions in 2030. 

• Rapid reductions of CO2 emissions in the following decades to achieve net-zero CO2 
emissions. Gross CO2 emissions (i.e. before any CO2 removals from the atmosphere) continue 
to decline rapidly after 2030 to reach low levels, but do not reach zero. Removals of CO2 from 
the atmosphere increase to compensate for these residual gross emissions. Some amount of 
active (i.e. human-induced) CO2 removal is required in nearly all scenarios. Net-zero GHG 
emissions are reached later and only in pathways that peak and then decline global average 
temperature. 

• Deep cuts in non-CO2 emissions. Global emissions of methane, nitrous oxide and F-gases 
decline significantly between now and 2050. These non-CO2 reductions are essential to allow 
more space for cumulative CO2 emissions whilst staying within the limits of the Paris 
Agreement long-term temperature goal.  

The implications of these pathways for the date of net-zero CO2 and net-zero GHG emissions is 
addressed separately in the two subsections below.   

Dates of net-zero CO2 emissions 

In global pathways that reduce emissions immediately and rapidly, the date of net-zero CO2 
emissions is an imperfect but useful proxy for future cumulative CO2 emissions, the main 
determiner of future warming.75  

Net-zero CO2 emissions are generally reached around mid-century in most 1.5°C scenarios and 
around 2075 for 'well-below' 2°C scenarios (Table 2.1). Methane emissions are falling in the 
decades prior to reaching net-zero CO2 emissions (Figure 2.5) in most global emissions 
pathways. This allows warming to peak around the time of net-zero CO2 emissions (Figure 2.6). 
However, net-zero long-lived emissions will be needed in the longer term to prevent warming 
eventually rising again.  

Many emissions pathways simulate net anthropogenic removals of CO2 from the atmosphere 
after reaching net-zero CO2 emissions. This net removal largely serves to reduce global 
temperature from its peak but does not affect the level of peak temperature reached.  

 

                                                           
75 Deeper emissions reductions in the near-term can actually mean that net-zero emissions are reached later for the 
same total cumulative CO2 emissions. For this same reason, global emissions of CO2 in 2050 are also only an 
imperfect proxy on the expected level of peak warming reached.  
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Figure 2.4. Global emissions pathways for CO2 (top) and aggregated GHGs (bottom) consistent with 
the Paris Agreement 

Source: Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 
8 (12), 1027.  
Notes: Shading indicates maximum and minimum across the scenario grouping at any point in time. The solid 
coloured lines are the 'median' scenario (at each point in time) in each scenario group. GHG emissions in the 
bottom panel are aggregated across all GHGs using the GWP100 values from the IPCC 4th Assessment Report.  
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Figure 2.5. Global emissions pathways split by gas for the average >50% 1.5°C pathway (top) and 
>66% 2°C pathway (bottom) 

Source: Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 
8 (12), 1027. 
Notes: Gases are aggregated using GWP100 values from the IPCC 4th Assessment Report. 
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Date of net-zero GHG emissions 

As described in Section 4, reaching global net-zero GHG emissions is not a necessity to peak 
global temperature and is not a feature of all global emissions pathways limiting warming to the 
long-term temperature goal of the Paris Agreement:  

• As net-zero GHGs are associated with cooling global temperatures, only global emissions
pathways that peak and then decline global temperatures reach net-zero GHG.

• Pathways that simply stabilise global temperatures generally do not require net-zero GHG
emissions.

• The timing of net-zero GHG emissions is therefore not a strong determiner of whether the
world succeeds in limiting warming to the Paris Agreement long-term temperature goal.

For those 1.5°C scenarios that do peak and decline temperature they typically reach net-zero 
GHG emissions around 15 years later than reaching net-zero CO2 emissions.  

When expressed on a per person basis, the pathways reduce global GHG emissions from 7 tCO2e 
per person currently to -0.4 - 1.7 tCO2e per person in 2050 for 1.5°C and to 0.8 - 3.2 tCO2e for 
'well-below' 2°C scenarios (Table 2.1).76 

Figure 2.6. Temperature peaking and date of net-zero CO2 and aggregated GHG emissions 

Source: Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 
8 (12), 1027. 
Notes: Each dot represents a scenario from across the entire set of scenarios in the IPCC-SR1.5 database. 
Scenarios that don't reach net-zero by 2100 are not plotted. If temperature is still rising by 2100 warming at 2100 
is plotted. The 1:1 line is shown making equal dates on each axis.  

76 Future global population assumptions are taken as assumed in the scenarios themselves. This spans a range of 
different population scenarios, from a peak in global population not far above 8 billion around 2050 before 
declining to 2100, through to a continued increase to over 12 billion by the end of the century.  
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Why net-zero GHGs may be needed in practice 

IPCC-SR1.5 largely focused on global emissions pathways in which reductions in global 
emissions begin at 2020 or soon after and, by 2030, are significantly below 2020 levels (Figure 
2.3). However, current pledges under the Paris Agreement would lead to global emissions close 
to present-day levels (Chapter 3). If global ambition is not strengthened, net-zero GHG emissions 
may become a necessity to continue 'pursuing effort' towards 1.5°C: 

• The IPCC-SR1.5 estimated that currently projected emissions for 2030 will use up 70 - 95% of 
the remaining carbon budget for at least a 50% chance of keeping peak warming below 
1.5°C.77 It could then be implausible to reduce global emissions quickly enough to prevent 
warming exceeding 1.5°C soon after 2030.  

• If warming does exceed 1.5°C, then peaking and declining global temperature would be 
required to return warming to below 1.5°C. This would require large-scale net removals of 
CO2 and most likely reaching net-zero GHG emissions at a global level before 2100.  

In addition to overshooting 1.5°C, several other considerations may lead to global net-zero GHG 
being required: 

• Earth system feedbacks such as permafrost thawing and methane release from wetlands, 
are expected to slowly release carbon into the atmosphere over decades to centuries. This 
may be around 100 GtCO2 (2 - 3 times annual global emissions) over the century. Offsetting 
this warming may require additional removal of CO2 from the atmosphere in the long-term. 

• Revisions in climate response uncertainty estimates which make higher warming more 
likely could mean that maximum feasible rates of global emissions reduction may still lead to 
overshoots of 1.5°C with a high probability. This may make it necessary subsequently to 
achieve global net-zero GHG emissions to reduce warming back to below 1.5°C if an 
overshoot could not be avoided.  

• Redefinitions of global temperature that have higher  warming to-date (and therefore 
leave less room for further warming within the Paris Agreement limits) could similarly mean 
that only overshoot pathways could keep warming below 1.5°C with a high probability.78     

So whilst in theory the long-term goal of the Paris Agreement could be met without reducing all 
GHGs to net-zero, without a substantial strengthening in global emissions reduction in the near-
term net-zero GHGs may be necessary to pursue keeping long-term warming below 1.5°C. 

Moreover, the Paris Agreement includes an explicit aim to balance emissions of sinks and 
sources - implying the world is already aiming for net-zero GHG emissions if interpreted using 
CO2-equivalent metrics in current usage (as we do in this report). 
 

                                                           
77 IPCC (2018) Chapter 2 - Mitigation pathways compatible with 1.5°C in the context of sustainable development. 
78 Using global surface air temperatures at all locations, as opposed to a mixture of surface air temperature over land 
and ocean surface temperature over water as in the IPCC-SR1.5 would increase estimates of human-induced 
warming today from around 1°C to 1.1 - 1.2°C. It would also mean that 1.5°C would correspond to a lower level of 
aggregate climate impacts compared to that assessed in IPCC-SR1.5.   
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Table 2.1. Characteristics of global emissions pathways compatible with the Paris Agreement long-
term temperature goal  

>66% 2°C >50% 1.5°C 

Date of net-zero CO2 emissions 2074 [2050 - 2100+] 2050 [2037 - 2082] 

Date of net-zero GHG 
emissions 

2100+ [2078 - 2100+] 2068 [2045 - 2100+] 

Gross CO2 removals at 2050 
(GtCO2/yr) 

5.3 [0 - 15] 8.0 [3.3 - 17] 

Cumulative CO2 emissions 
(2020 to date of net-zero CO2 - 
GtCO2)  

844 [440 - 1241] 480 [319 - 751] 

2050 GHG emissions 
(GtCO2e/yr) 

17 [7.5 - 27] 6.5 [-3.5 - 15] 

2050 CO2 emissions (GtCO2/yr) 9.2 [-0.6 - 18] -0.4 [-11 - 10] 

2050 GHG emissions per 
person (GtCO2e/yr) 

1.9 [0.8 - 3.2] 0.7 [-0.4 - 1.7] 

2050 N2O emissions (% of 2020 
levels)  

80% 75% 

2050 CH4 emissions (% of 2020 
levels) 

51% 51% 

2050 F-gas emissions (% of 
2020 levels) 

13% 13% 

Source: Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 
8 (12), 1027.  
Notes: The median across the scenario grouping is shown for all variables. The square brackets show the 
minimum and maximum across the full range of the scenario grouping. '2100+' means that net-zero is not 
reached before 2100, the end point of the scenario. GHGs are aggregated using GWP100 values from the IPCC 4th 
Assessment Report.   
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Introduction and key messages  
The Paris Agreement is a departure from the structure of previous international climate 
agreements. Instead of a 'top-down' structure with emissions reductions allocated to each 
country, the agreement is instead 'bottom-up' with countries determining their own emissions 
reductions. 

It requires countries to set emissions reduction goals that are consistent with its 'highest 
possible ambition', that are ‘fair and ambitious in light of its national circumstances’, and with 
regard to the need to raise ambition around the world to achieve the agreement's long-term 
temperature goal. 

This chapter reviews current international action and compares it to action required to meet the 
Paris Agreement. We consider the UK's appropriate contribution based on capability and equity 
and on how it can support the required increase in effort across the world.  

We conclude that the UK can and should target a domestic emissions reduction that is more 
ambitious than the average effort required globally to achieve the Paris Agreement's long-term 
temperature goal. That reflects three key lines of reasoning:  

• Capability. The UK is well placed to continue to target and achieve emissions reductions 
that are more ambitious than those required by the world as a whole. It has rapidly reduced 
per person emissions since 1990. UK emissions per person are now similar to the global 
average and are on a downward trajectory while global average per person emissions remain 
broadly constant. The Climate Change Act provides the stable institutional framework 
needed for the UK to continue to set and achieve long-term emissions reduction targets that 
are more ambitious than required of the world as a whole.  

• Equity. An equal per person share of global emissions in 2050 would require a 72 - 93% 
reduction in UK greenhouse gas (GHG) emissions relative to 1990 for pathways that keep 
warming 'well-below' 2°C and an 85 - 104% reduction for 1.5°C. However, the UK has a large 
historical contribution to climate change, is a rich economy compared to the global average, 
and UK demand for goods and services currently adds to emissions overseas. These are 
reasons for the UK to go beyond the effort required from the world as a whole.  

• Supporting the global effort. Setting and achieving more ambitious emissions reduction 
targets in the UK and other leading countries would have a number of advantages for the 
global effort. These include easing the pace of deployment of expensive decarbonisation 
options in developing countries and facilitating technology and institutional development 
and transfer. Pathways developed for this report that rebalance effort towards existing 
climate leaders and richer nations appear more plausible than many existing published 
pathways that imply that most of the required increase in effort would come from middle-
income and developing countries. 

Whether the world achieves the long-term temperature goal of the Paris Agreement will depend 
on the actions of other countries alongside the UK. A large-scale shift in investment towards low-
carbon technologies is needed and emissions need to stop rising and to start reducing rapidly. 
Falling costs for key technologies mean that the future will be different from the past: renewable 
power (e.g. solar, wind) is now as cheap as or cheaper than fossil fuels in most parts of the world. 
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This chapter is split into five sections:  

1. The Paris agreement and international pledges  
2. International effort required to achieve the Paris Agreement long-term temperature goal 
3. UK capacity to move ahead of the global average effort  
4. Equity considerations 
5. An appropriate UK contribution to the Paris Agreement  

1. The Paris agreement and international pledges  
The Paris Agreement was adopted at the UN climate talks in Paris in December 2015. It aims to 
hold the rise in global average temperatures to 'well-below' 2°C relative to pre-industrial levels 
and to pursue efforts to limit the increase to 1.5°C (Chapter 2). 

This section first sets out the bottom-up structure of the Paris Agreement then considers how 
consistent current bottom-up commitments are with this long-term temperature goal. 

(a) The structure of the Paris Agreement and implications for UK emissions targets 

The Paris Agreement has a ‘bottom-up’ structure. All parties are bound by a single framework 
and rulebook governing the agreement, but emissions reductions are not allocated through a 
top-down system. Instead they are determined by individual Parties themselves:  

• Parties to the Paris Agreement are required to produce mitigation pledges but the delivery of 
these pledges is only legally-binding when enshrined in national or territorial law.  

• A five-yearly cycle of global stocktakes and new pledge submissions is planned to increase 
ambition of nationally-determined contributions (NDCs) and move towards achieving the 
long-term goal of the Agreement. This is known as the 'ratchet mechanism'. 

‒ Parties will resubmit their first NDCs (covering the period up to 2030) by the end of 2020, 
with an aim of increasing mitigation ambition. They are also required to submit a 'long-
term low greenhouse gas emission development strategy' by the same date.  

‒ Global stocktakes will assess progress towards the goals of the agreement in a 
‘comprehensive and facilitative manner’. They aim to help increase NDC ambition and 
promote international cooperation. The first global stocktake is scheduled to take place 
in 2023.  

‒ Parties are obliged to provide new and updated NDCs in the two years following each 
global stocktake. Successive Nationally Determined Contributions (NDCs) are expected to 
represent a ‘progression over time’ and reflect a party’s ‘highest possible ambition’.   

We consider in Chapter 4 the scope for UK adoption of a new net-zero emissions target to 
influence positively this developing international picture. 

Implications of the Paris Agreement for determining an appropriate UK contribution to the 
global mitigation effort  

The ‘bottom-up’ structure of the Paris Agreement is significantly different from previously 
proposed structures for a global climate agreement. These largely focused on creating a ‘top-
down’ structure, similar to the Kyoto Protocol, which would allocate agreed emissions 
reductions to each Party. 
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The Committee's 2008 recommendation for the UK's current 2050 emissions target, to reduce 
emissions by 80% below 1990 levels, was set based on the expectation of such a top-down 
global agreement: 

• A set of global emissions pathways were assessed in the Committee's 2008 report that 
assumed emissions peaking in 2016 and then declining.  

• Pathways with approximately a 50% chance of limiting warming to below 2°C in 2100 had 
global average per person global GHG emissions of 2.1 - 2.6 tCO2e in 2050.79 

• Assuming the UK would have no more than an equal per person share of global emissions in 
2050, and accounting for projected population change, implied at least an 80% reduction in 
UK GHG emissions relative to 1990 levels in 2050.  

A new or revised UK long-term emissions target should reflect an appropriate UK contribution to 
the global effort under the new ‘bottom-up’ nature of the Paris Agreement. This will involve 
satisfying a number of aspects: 

• The Paris Agreement requires that emissions reductions are set according to a Party's 
‘highest possible ambition’.  

• Equity and fairness remain core principles of the international process, through the 
acknowledgement of ‘common but differentiated responsibilities’ and different 'national 
circumstances'. Parties are required to communicate how their NDC is ‘fair and ambitious in 
light of its national circumstances’. 

• Developed countries are expected to continue to take the lead by undertaking ‘economy-
wide absolute emission reduction targets’.  

• Article 3 of the overarching UNFCCC80 requires that ‘policies and measures to deal with 
climate change should be cost-effective so as to ensure global benefits at the lowest possible 
cost’. 

The above criteria will all have to be met by any revised UK long-term emissions target.  

(b) Current emissions pledges and the emissions gaps 

When the Paris Agreement was adopted in December 2015, intended emissions reduction for 
the period up to 2030 were acknowledged to fall short of global least-cost pathways estimated 
to be consistent with global warming of below 2°C.81 They do however represent an 
improvement on business-as-usual emissions.  

This 'ambition' gap in emissions reduction before 2030 still exists (Figure 3.1):  

                                                           
79 Updated understanding of the climate system and more ambitious post-2050 emissions reductions in global 
pathways mean that pathways peaking emissions around 2020 and then reducing annual global emissions to 
around 2 tCO2e/person in 2050 are now expected to be consistent with a 50% chance of limiting warming to a lower 
value (~1.6 - 1.8°C). 
80 The United Nations Framework Convention on Climate Change - the overarching treaty to deal with climate 
change at the international level.  
81 The pre-amble to the Paris Agreement highlighted a level of global GHG emissions in 2030 of 40 GtCO2e/yr 
(aggregated using the GWP100 metric from the IPCC 2nd Assessment Report) as consistent with pathways resulting 
in below 2°C warming and referred to an undefined level for 1.5°C to be specified by the IPCC Special Report on 
Global Warming of 1.5°C. Aggregated Intended Nationally Determined Contributions (INDCs ) were projected to 
lead to 55 GtCO2e/yr in 2030. 
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• The aggregated global emissions under unconditional NDCs (i.e. commitments to reduce
emissions which aren’t conditional on the provision of climate finance from abroad) come to
56 GtCO2e/yr (52 - 58 GtCO2e/yr) in 2030.82 This would be a 5% growth above 2017 levels by
2030.83 

• Additional commitments in the conditional NDCs reduce projected emissions in 2030 to 53
GtCO2/yr (49 - 55 GtCO2e/yr), similar to the 2017 level.

• Pathways consistent with limiting temperature rise to ‘well-below' 2°C typically have 2030
global GHG emissions in the range of 38 - 45 GtCO2e/yr. This reduces to around 22 - 30
GtCO2e/yr in pathways consistent with limiting warming to 1.5°C.84 In these pathways global
GHG emissions would have peaked and be declining rapidly when they reach these levels in
2030. 

Alongside this 'ambition' gap an 'implementation' gap exists as current global policies are not 
sufficient to meet the existing NDCs. Current policies are expected to lead to global emissions 
around 59 GtCO2e/yr in 2030, an increase of around 10% over 2017 levels.85 

Current pledges in high emitting regions 

A large fraction of global emissions come from a small number of territories. China, USA, the EU 
and India are the four biggest emitting parties to the Paris Agreement and contribute 56% of 
present global GHG emissions between them.86 There is a mixed picture regarding the extent to 
which these big emitters are on track to achieve their NDCs:  

• China remains on track to achieve its NDC (a main target to peak its CO2 emissions before
2030). However, non-CO2 emissions are expected to increase and may be up to 25% of the
country's total GHG emissions in 2030.87 Chinese emissions per person are now
approximately equal with the EU (Figure 3.2) and are expected to exceed the EU level under
current NDCs.

• The USA is off-track to achieve its 2025 NDC (a 26 - 28% reduction in GHG emissions relative 
to 2005 levels), which would still result in emissions per person significantly above other big 
emitters. Instead, emissions are projected to remain near-to-constant between now and 
2030. It is planning to withdraw from the Paris Agreement under the policy of the current 
administration in November 2020, however the longer-term trajectory of US climate 
ambition is uncertain with substantial non-federal level action proposed.88

• India is expected to overachieve its pledged NDC (a 33 - 35% decrease in emissions intensity
of GDP by 2030 relative to 2005 levels). This is still expected to lead to rising GHG emissions
by 2030, but still with low emissions per person.

82 Aggregated using the GWP100 values from the IPCC 2nd Assessment Report. Projected emissions under the NDCs 
are uncertain due to the ambiguous definition and description of NDC commitments (for example uncertainty in 
baseline emissions which NDCs are expressed relative to) - the quoted range reflects that uncertainty.  
83 United Nations Environment Programme (2018) Emissions Gap Report 2018.  
84 See Chapter 2 for the interpretation of the Paris Agreement long-term temperature goal used in this report.  
85 United Nations Environment Programme (2018) Emissions Gap Report 2018, - emissions aggregated using GWP100 
values from the IPCC 2nd Assessment Report.  
86 Excluding emissions from land use, land use change and forestry (LULUCF).  
87 Climate Action Tracker (2018) Current polices assessment, https://climateactiontracker.org/countries/china/ 
88 Chapter 4 summarises a number of large non-federal initiatives in the USA.  
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• The EU is nearly on track to achieve its NDC (a 40% reduction relative to 1990 levels) with
current policies. Additional planned policies agreed in 2018 would likely be sufficient to raise
ambition to a 45% reduction in GHG emissions by 2030 relative to 1990 levels.

Alongside these big emitters the rest of the world is a large and growing part of global 
emissions. G20 countries make up around 78% of global emissions today but around half are 
currently not on track to achieve their NDCs.89 International aviation and shipping, which are 
excluded from national totals, represent around 2.5% of global GHG emissions and continued 
growing rapidly over recent years.  

If the temperature goal in the Paris Agreement is to be met, both ambition and implementation 
will need to increase across the world. 

Figure 3.1. Global GHG emissions gaps in 2030 

Source: United Nations Environment Programme (2018) Emissions Gap Report 2018; Huppmann, D. et al. (2018) A 
new scenario resource for integrated 1.5°C research. Nature Climate Change, 8 (12), 1027. 
Notes: Assessment of no-policy baseline, current policy, unconditional and conditional NDCs from UNEP 
Emissions Gap Report 2018. Aggregated 2030 emissions levels for Paris Agreement compatible scenarios are 
from the IPCC-SR1.5 >66% 2°C and >50% 1.5°C low or no overshoot categories. GWP100 values from the IPCC 2nd 
Assessment Report are used to aggregate gases. Error bars show the 5th-95th percentile range in all cases with 
the solid bars marking the median values.  

89 den Elzen, M. et al. (2019) Are the G20 economies making enough progress to meet their NDC targets? Energy 
Policy, 126, pp.238-250. 
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2. International effort required to achieve the Paris Agreement long-
term temperature goal 
Understanding of the global transition required to deliver the long-term temperature goal of the 
Paris Agreement has improved significantly over the last couple of years.  

This section looks at several aspects of the required international effort to achieve the Paris 
Agreement long-term temperature goal: 

a) Features of the required global transition
b) Regional contributions to the global effort
c) The future must be very different from the past and it can be

(a) Features of the required global transition 

The IPCC Special Report on Global Warming of 1.5°C (IPCC-SR1.5) provided a comprehensive 
assessment of how the global energy and land-use systems can be transformed to achieve the 
Paris Agreement (Figure 3.3, Table 3.1). There are three key strands of the global transition that 
emerge across all scenarios:  

Figure 3.2. Emissions per person in 2017 and projected under current NDCs 

Source: Olivier, J. and Peters, J. (2018) Trends in global CO2 and total greenhouse gas emissions; World Bank 
Population Estimates (2018), Climate Action Tracker, United Nations Population Projections (2017); CCC (2015) 
Advice on the fifth carbon budget.  
Notes: NDCs for China and India are as projected by the Climate Action Tracker. All NDC emissions are for 2030, 
except for the USA which are for 2025. UK emissions in 2030 under the NDCs are assumed to be equal to the 
annual level of emissions compatible with the 5th Carbon Budget. Medium variant population projections are 
used in all cases. GHGs are aggregated using GWP100 values from the IPCC 4th Assessment Report.  
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• Energy demand reduction. Reductions in the demand for energy services and other GHG
emitting activities helps reduce future emissions. Changes in future energy demand can
come from measures to improve energy efficiency and/or changes in the underlying
demand for a service (such as changes in dietary preferences).

• Decarbonisation of energy supply. The carbon intensity of energy is reduced to near-zero
around mid-century in all scenarios that achieve the Paris Agreement long-term temperature
goal. Key to this is a very rapid phase-out of unabated coal and widespread electrification of
energy demand, alongside a widespread and rapid roll-out of renewable and other low-
carbon power sources.

• Greenhouse gas removals. All scenarios require some active removal of GHG from the
atmosphere. This enables net emissions to fall faster than gross emissions can be reduced
and compensates for residual sources of emissions. Most current emissions pathways only
consider bioenergy with carbon capture and storage (BECCS) and afforestation/reforestation
as methods of GHG removal.

When these three strands are combined at sufficient scale and speed, global emissions can fall 
rapidly enough to achieve the global emissions pathways required to meet the Paris 
Agreement's long-term temperature goal.  

Bringing about this global transition will be a major challenge across all three strands: 

• The energy intensity of the global economy has been decreasing (at around 12% per decade
since 1990)90, but would need to decrease at a faster rate between 2020 and 2050 (17% per
decade in 'well-below' 2°C scenarios and 19% per decade in 1.5°C scenarios).91

• Although the fraction of electricity generation from renewable sources has recently been
growing rapidly the carbon intensity of global primary energy has remained approximately
constant since 1990.92

• Large-scale engineered removal of GHGs from the atmosphere is rapidly deployed at large-
scale from the mid-2020s in many scenarios, however relying entirely on BECCS could require
very large amounts of land and may create conflicts with food production and biodiversity.

The IPCC concluded that whilst the scale of the transition93 would be unprecedented, there has 
been some precedent for the speed of the required transitions within particular sectors such as 
deployment of wind and solar power and the take-up of electric vehicles. 

Bringing about this transition will require a large shift in investment patterns in the energy 
sector (Figure 3.4) as well as other parts of the global economy. Some additional investment is 
required, but most importantly a shift is needed in the pattern of investment away from 
unabated fossil fuel power and towards low-carbon technologies. Modelled pathways show an 
increased mitigation cost of restricting warming to 1.5°C compared to pathways for 'well-
below' 2°C, but this does not include the benefits from lower climate risks and an increased 
ability to achieve global sustainable development goals.

90 BP (2018) Statistical review of world energy. 
91 Throughout this chapter we use 'well-below' 2°C to refer to the minimum level of ambition consistent with the 
Paris Agreement long-term temperature goal, which we interpret as scenarios with >66% probability of keeping 
warming below 2°C (Chapter 2). '1.5°C' refers to scenarios with >50% of keeping warming below 1.5°C with no or 
low overshoot.  
92 CO2 intensity of global primary energy was 98% of 1990 levels based on data from the Global Carbon Project and 
BP Statistical review of world energy. 
93 Specifically to keep warming to below 1.5°C.  
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Figure 3.3. Global primary energy in the four archetype 1.5°C scenarios set out by the IPCC 

Source: Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 
8 (12), 1027. 
Notes: Total global primary energy demand is shown. Solar, wind, hydropower and geothermal are all grouped 
in 'Renewables'. Descriptions of the P1-4 scenarios are provided in Chapter 2 of the IPCC-SR1.5. P1-3 keep 
warming to below 1.5°C with no or low overshoot whilst P4 has a higher overshoot of 1.5°C.  
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Table 3.1. Energy system transitions in scenarios achieving the Paris Agreement 

2050 energy system 
characteristics 

>50% 1.5°C >66% 2°C 

Final energy demand 
reduction relative to 2010 (%) 

8 [-11 - 22] 26 [12 - 38] 

Share of renewables in 
electricity (%) 

78 [69 - 86] 71 [61 - 80] 

Primary energy from coal (% 
relative to 2010) 

-82 [-95 - -74] -66 [-79 - -56] 

Primary energy from oil (% 
relative to 2010) 

-55 [-78 - -31] -24 [-39 - -2] 

Primary energy from gas (% 
relative to 2010) 

-25 [-56 - 6] 1 [-34 - 23] 

Primary energy from nuclear 
(% relative to 2010) 

163 [91 - 190] 157 [98 - 208] 

Primary energy from bioenergy 
(% relative to 2010) 

203 [123 - 261] 168 [112 - 212] 

Primary energy from non-
biomass renewables (% 
relative to 2010) 

1060 [576 - 1299] 1061 [638 - 1341] 

Land area for energy crops 
(million km2) 

3 [2 - 3] 2 [2 - 2] 

Source: Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 
8 (12), 1027. 
Notes: Median values across the scenario category is shown, with the bracketed values indicating the 
interquartile ranges. All values are for the global total.  
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(b) Regional contributions to the global effort 

Existing published scenarios for regional effort 

Scenarios of the global transition to meet the Paris Agreement are generally produced by 
integrated assessment models of the climate and energy system (IAMs - Box 3.1). These reduce 
emissions where and when they are assumed to be cheapest to keep within overall limits on 
cumulative CO2 emissions.  

These published scenarios give an indication of the relative 'technical emissions reduction 
potential' of different regions. However, the exclusive focus on 'least-cost' (according to the 
technical parameters of the modelling) gives a regional breakdown of effort that is potentially at 
odds with the principles of the Paris Agreement: 

• In 'well-below' 2°C scenarios, 2050 CO2 emissions per person for the EU and USA are similar to
those already expected under existing long-term commitments (Figure 3.5). In contrast, 2050
CO2 emissions per person are significantly below current trajectories in several developing
and middle-income regions. This is potentially at odds with the principles of the Paris
Agreement ratchet mechanism.

Figure 3.4. Required energy sector investments under current ambition and under scenarios that are 
expected to achieve the Paris Agreement long-term temperature goal  

Source: McCollum, D.L. et al. (2018) Energy investment needs for fulfilling the Paris Agreement and achieving the 
Sustainable Development Goals. Nature Energy, 3(7), p.589. 
Notes: Bars represent the average across 6 models from the CD-LINKS project. They are a subset of the group of 
pathways assessed in IPCC-SR1.5. Effort consistent with current polices and NDCs is extrapolated to 2050. Low-
carbon investment includes investments in fossil-based carbon capture and storage (CCS).  
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• Developing regions generally have lower CO2 emissions per person than in developed 
regions even in the long run. This is in contrast to 'equity-based' allocations (see Section 4) 
that generally require much greater effort from developed countries. 

• Scenarios that keep warming below 1.5°C show much less regional variation in CO2 emissions 
per person, with all regions reaching net-zero CO2 emissions around 2050. This is due to the 
very small compatible global carbon budgets that requires emissions reduction near the 
assumed limit of technical potential in all regions.  

This regional breakdown of effort requires a challenging scale-up of more expensive 'deeper 
decarbonisation' options in developing regions. For example:  

• Scenarios require that carbon capture and storage (CCS) deployment starts immediately with 
substantial deployment in all regions by the 2030s. In 2018 only 18 large-scale CCS facilities 
were in operation around the world (with a further 25 under development), concentrated in 
only six countries.94  

• GHG removals with BECCS increase rapidly in many regions, particularly in Latin America 
where 2050 BECCS removals per person are over 75% of the OECD and EU level. Only one 
large-scale BECCS operation sequestering over 1 MtCO2/yr is currently in operation around 
the world.95  

• The relative increases in investment are greater in developing regions than developed ones. 
For example, the increase in investment required in China is simulated to be nearly twice that 
of Europe between now and 2050 to keep warming to below 1.5°C.96 Achieving this 
investment scale-up will likely require efficient cooperation between countries through 
functioning international markets. 

These simulations highlight a potentially large emissions reduction potential in many 
developing regions. However, factors not typically captured within these scenarios, such as a 
lack of strong mitigation policies or a lack of access to capital in many developing regions, could 
be significant barriers to deploying these deeper decarbonisation options as rapidly as 
simulated.  

These additional barriers indicate that a plausible global pathway to achieve the Paris 
Agreement may well require greater emissions reductions in developed regions than implied by 
many existing published scenarios.  
 

 

 

 

 

                                                           
94 Global CCS Institute (2018) Global Status of CCS. Operational projects are in the US, Canada, China, Norway, Brazil 
and Australia. 
95 Illinois Industrial CCS Project.  
96 Zhou, W. et al.  (2019) A comparison of low carbon investment needs between China and Europe in stringent 
climate policy scenarios. Environmental Research Letters. 
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Box 3.1. Integrated Assessment Models – value and limitations 

Integrated assessment models (IAMs) are state-of-the-art coupled models of the global energy, 
agriculture, land-use and climate systems.  

• They simulate the reduction of GHG emissions where they are least expensive across the whole
century in order to achieve a specified climate goal at least cost.

• IAMs require external assumptions such as future population and GDP growth, as well as present
technology costs and how these will develop over time.

• IAMs usually aggregate countries into a small number of regions (typically 10 - 20) due to
computational constraints. They tend to show that emissions reduction costs are lower in
developing regions, reflecting in part differences in economic output per person and wage rates.

• IAMs often implicitly assume that there is a global planner with perfect foresight and control across
all future years and all parts of the world, in order to minimise the cost of achieving the climate
goal.

IAMs are useful for mapping possible transitions that are compatible with limiting warming below a 
given level. They can also be used to test a number of questions regarding climate policy: 

• They are most-often used to provide 'cost-effective' global transition pathways to keep expected
warming below a given level with least overall cost.

• They can be used to understand the relative cost of different emissions reduction activities around
the world and the compatibility of current commitments with modelled 'cost-effective' pathways.

At the same time, IAMs have a number of acknowledged limitations: 

• They generally do not incorporate many non-economic barriers to mitigation action (such as
consumer behaviour) which can often be as important as technical ones.

• Mitigation options that reduce the demand for energy and GHG-intensive activities are commonly
represented in less detail and have received less attention within IAMs than supply-side solutions.

• IAMs have recently been criticised for being too conservative on future price declines of
renewables, as well as failing to reflect how innovation in some low-carbon sectors can spill over to
accelerate innovation across the global economy.

• IAM pathways often rely heavily on the use of very large amounts of low-carbon harvested biomass
in the energy system. Such large amounts may not be sustainable in the real world.

Source: CCC analysis; Farmer, J.D., Hepburn, C., Mealy, P. & Teytelboym, A. (2015) A third wave in the economics 
of climate change. Environmental and Resource Economics, 62 (2), pp.329-357. 
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Exploring 'leadership-driven' scenarios 

Relying on existing scenarios to determine appropriate contributions to the global effort would 
not satisfy the full range of considerations required by the Paris Agreement, such as developing 
countries taking the lead and considerations of equity. It also would run counter to the 
emerging reality that several developed countries and the EU are already considering setting 
targets more ambitious than their currently stated ambition (Chapter 4), which would push 
targeted ambition in these countries further beyond scenario simulated values, particularly for 
the 'well-below' 2°C end of the Paris Agreement ambition.  

The Committee commissioned work from University College London (UCL) to extend the 
integrated scenario literature by exploring 'leadership-driven' scenarios of the global effort that 
reflect better the reality of current and emerging mitigation ambition around the world (Box 
3.2). 

These 'leadership-driven' scenarios generally contain several groupings of regions (Figure 3.6): 

Figure 3.5. 2050 CO2 emissions per person in IAM scenarios compared to current trajectories and 
commitments  

Source: McCollum, D.L. et al. (2018) Energy investment needs for fulfilling the Paris Agreement and achieving the 
Sustainable Development Goals. Nature Energy, 3(7), p.589. 
Notes: Marked points represent the mean per capita emissions across a range of different IAMs, a subset of the 
scenarios assessed in IPCC-SR1.5. The current policies and NDC scenarios continue the same average emissions 
reduction effort between now and 2030 in that scenario to 2050. Only emissions from CO2 emissions from fossil 
fuel and industry are displayed. 'Existing long-term commitments' applies the same percentage reduction in CO2 
emissions (relative to the base period) as required for all GHGs. Expected changes in population are accounted 
for.  
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• Developed regions. In accordance with their emerging long-term commitments, these 
regions achieve or go beyond net-zero CO2 emissions by 2050.97 

• Large emerging economies. Countries in these regions, such as China, peak their emissions 
very soon (improving on their NDCs) and reduce them rapidly in the next two decades. They 
do not need to reach net-zero CO2 emissions until after 2050 but generally do so before the 
end of the century. Efficiency, low-carbon power and electrification must all have major roles, 
supplemented by CCS. 

• Developing regions. These regions 'leapfrog' to low-carbon development paths. Emissions 
remain low on a per capita basis, but do not need to reach net-zero CO2 until well after 2050, 
and many do not reach net-zero before 2100. 

This 'leadership-driven' scenario involves a larger concentration of 'harder' decarbonisation 
options in the developed regions of the world. For example: 

• CCS deployment per person in 2050 would be over four times greater in the developed 
regions (2.0 tCO2/person/yr) than the average for the rest of the world.  

• Developed regions take up a much larger share of the burden of CO2 removal from the 
atmosphere, with removals of CO2 from the atmosphere over seven times greater in 
developed regions (1.7 tCO2/person/yr) than the average of the rest of the world.  

• Per person CO2 emissions from the developed regions would be lower in 2050 than all other 
parts of the world (Figure 3.6), consistent with stated and emerging emissions reduction 
intentions and aligned to IAM results for scenarios that would keep warming to 1.5°C.  

This 'leadership-driven' scenario appears to represent a more plausible global pathway that is 
better aligned to the principles of the Paris Agreement. It would also bring several advantages 
for strengthening the global mitigation effort: 

• Demonstrating a pathway to achieve net-zero emissions. Countries with lower historical 
contributions to climate change look to developed countries with large historical 
contributions to take a lead in making the changes required globally to deliver on the goals 
of the Paris Agreement. Doing so can help build the knowledge and skills required to achieve 
net-zero emissions in the rest of the world. 

• Technology development. Deployment of renewables in developed countries has helped 
drive down their cost, enabling large-scale deployment in regions such as China and India. 
Ambitious mitigation targets in developed countries can help establish the new industries 
required and drive down the cost of currently more expensive technologies needed to reach 
net-zero CO2 emissions including carbon capture and storage, hydrogen, low-carbon heating 
and technologies to remove CO2 from the atmosphere.  

• Developing the necessary policies, institutions and business models. The innovation 
requirements to make the necessary emissions reduction are not only technical. Developed 
countries like the UK typically have strong institutional capacity and are well placed to take a 
lead in areas needing innovation in supporting mechanisms, such as for CCS and GHG 
removal. 

• Building markets and sustainability standards for greenhouse gas removal. GHG 
removal will likely be required to some extent in the long run to achieve the goal of the Paris 
Agreement. Ensuring effective markets to provide removals are developed whilst not 

                                                           
97 This is imposed as a feature of the scenario implementation.  
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compromising efforts to achieve other UN goals to end hunger and protect biodiversity 
could enable GHG removals to be deployed safely around the world.  

'Leadership-driven' scenarios still require rapid and deep mitigation in all regions of the world, 
especially as future population and GDP growth is expected to be concentrated in the more 
developing parts of the world.98 In particular, to keep warming to the more ambitious end of the 
Paris Agreement long-term temperature goal without overshoot will require all regions of the 
globe to reduce emissions as fast as technically possible in all sectors of the economy in order to 
stay within the very small remaining cumulative CO2 emissions budget. 

Figure 3.6. CO2 emissions per person (2010-2050) in an example modelled 'leadership-driven' scenario 
consistent with limiting global warming to 'well-below' 2°C 

Source: UCL (2019) Modelling 'leadership-driven' scenarios of the global mitigation effort. 
Notes: CO2 emissions per person are shown. This scenario constraints the remaining global carbon budget to 800 
GtCO2 between 2018 and 2100, consistent with the broader group of >66% 2°C scenarios assessed in IPCC-SR1.5. 
'Developed regions' show the average across the 'high-ambition' grouping described in Box 3.2. Developed 
regions include: Africa, Central and South America, Middle East and other developing countries in Asia.  

98 Population growth leads to a larger share of 2018 - 2050 cumulative emissions (approximately 80%) from these 
developing regions than indicated by their share of the global emissions today (70%).  
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Box 3.2. Modelling 'leadership-driven' scenarios consistent with the Paris Agreement long-term 
temperature goal 

The Committee commissioned UCL to develop a 'leadership-driven' scenario of the global mitigation 
effort. This scenario reflects the reality of where the most ambitious emissions reduction commitments 
are being set, and is more representative of the Paris Agreement structure (Figure B3.2). The results are 
summarised in the UCL report published alongside this report.  

A number of constraints were imposed on the model including: 

• A set of 'leadership' regions comprising the UK, Australia, Canada, Europe, Japan, Mexico, South
Korea and the USA. Together they represent 30% of global emissions. This grouping includes
countries that are currently showing potential for setting ambitious emissions reduction targets, or
are key global players that have responsibility and capability to undertake ambitious emissions
reductions, such as the USA and Australia. These regions are required to reach net-zero CO2 by
2050. 

• The global availability of low-carbon harvested biomass was restricted to the Committee's 'high'
estimate of global sustainable low-carbon biomass in our November 2018 report Biomass in a low-
carbon economy (i.e. 110 EJ/yr). This is a significantly lower level than in many other IAM scenarios.

These scenarios provide a view of a global transition more aligned to the current international picture. 
Whilst the details of the real-world transition that emerges will inevitably be different to the scenarios 
here, they provide a useful indication of a possible global path that is consistent with the Paris 
Agreement and with leadership from developed regions.  

Figure B3.2. Schematic of global effort in 'leadership-driven' global pathways 

Source: CCC analysis; UCL (2019) Modelling 'leadership-driven' scenarios of the global mitigation effort. 

Source: UCL (2019) Modelling 'leadership-driven' scenarios of the global mitigation effort. 
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(c) The future must be very different from the past and it can be 

The previous sections have shown that achieving the long-term temperature goal of the Paris 
Agreement will require challenging transitions in all regions of the global economy.  

Many elements of these transitions are becoming more feasible than was envisaged only a few 
years ago. This is particularly true in the power sector where there is the potential for a rapid 
transition away from fossil power towards renewables, a key initial part of the global transition: 

• Reductions in the carbon intensity of electricity are expected to provide around half of the 
global abatement in 2050 for 'well-below' 2°C scenarios and around 35% for 1.5°C scenarios.  

• Latest cost data and prices emerging from auctions for renewable power contracts show that 
renewable generation can or will produce electricity at the same cost, or cheaper, than fossil 
fuel alternatives in most parts of the world (Figure 3.7). This has happened faster than 
expected, with major international forecasts for projected renewable capacity regularly 
revised upwards over recent years.99  

• Estimates of realistic technical potential for renewable generation also indicate that it should 
be possible to meet future electricity demands in almost all parts of the world provided 
challenges associated with the integration of large amount of variable renewables are dealt 
with.100 Increasingly evidence and experience, including in the UK, suggests that will be 
possible.101 

Outside the power sector there are positive indications of a global road transport transition. The 
global deployment of electric vehicles (EVs) has increased dramatically over recent years, 
particularly driven by a surging uptake in China which now accounts for over 40% of the world's 
EVs, increasing from just 10% in 2013.102 This is due to the emerging cost-competitiveness of EVs 
with internal combustion engine-driven cars due to falling battery costs.  

While this emerging transition can be expected to continue and accelerate across the world, this 
alone will not be sufficient to achieve a 'well-below' 2°C world. Mitigation options that are likely 
to remain expensive and create an on-going cost will still be required to decarbonise other 
sectors.  

• In our 'leadership-driven' global scenario, there is still a need for CCS in developing regions, 
particularly to decarbonise industry. Carbon capture requires energy so will therefore always 
incur an ongoing cost, even if leadership by developed regions can bring down the cost. 

• Similarly, some amount of GHG removals in developing regions of the world is likely to be 
required to compensate for residual sources of emissions that cannot be mitigated.  

As well as a domestic strategy to help develop these technologies and effective policy regimes, 
the UK's international strategy should aim to support their wider deployment. We explore some 
of the routes for UK leadership and international collaboration in Chapter 4. 

                                                           
99 BP Energy Outlook 2011-2019. 
100 Deng, Y.Y.  et al. (2015) Quantifying a realistic, worldwide wind and solar electricity supply. Global Environmental 
Change, 31, pp.239-252. 
101 For example, the UK System Operator (National Grid) recently indicated that they are planning to run the UK grid 
for parts of the year with zero carbon emissions as soon as 2025. 
102 IEA (2018) Global EV Outlook. 
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Figure 3.7. Levelised costs of renewable power generation around the world (top) and global average 
auction prices by commissioning date (bottom)  

Source: IRENA (2018) Renewable Power Generation Costs 2017; IEA (2019) Renewable Energy 2018.  
Notes: Scatter points represent the capacity-weighted average levelised electricity cost generated in that region 
over 2016 and 2017. Auction strike prices since 2017 have lower costs, particularly for solar-PV and offshore wind. 
Auction results indicate the continuing trend of falling prices, but are not directly comparable to levelised costs 
(e.g. apart from the UK, European auction results for offshore wind do not cover costs of grid connection). 
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3. UK capacity to move ahead of the global average effort  
Section 2 identified possible benefits to the global effort from 'leadership-driven' scenarios to 
achieve the Paris Agreement's long-term temperature goal, where a group of developed 
countries pursue more ambitious emissions reductions than the global average. This section 
considers how well the UK is placed to contribute to this effort and is informed by work the 
Committee commissioned from Imperial College London (ICL) which is published alongside this 
report.103  

Evidence on the UK’s economic structure and trends, its past progress and the potential for 
continued rapid decarbonisation relative to other countries around the world suggest that the 
UK is well-placed to go ahead of the global average. The following three sub-sections consider 
each of these factors in turn.  

Economic structure and trends 

The UK has an economic output per person of more than two and a half times the global 
average. Despite this, UK territorial GHG and CO2 emissions per person are close to the global 
average.104 In 2017, UK GHG emissions105 per person were estimated to be 7.6 tCO2e/person, 
compared to a global average of 7.2 tCO2e/person (including emissions from land-use change 
and international aviation and shipping emissions).  

A number of reasons underlie this: 

• The UK's economic structure is highly service-based, more so than the world as a whole: the 
UK’s industrial share of its economic output is around 18%, significantly lower than the world 
average of 25%. This contributes to the UK having the lowest energy intensity of GDP of all 
major developed countries. 

• Although the UK's absolute industrial output is higher than the global average, its industrial 
output is largely concentrated in higher value, less energy- and emissions-intensive activities. 
This results in significantly lower industrial emissions per person than the global average.  

• Alongside low energy intensity of GDP and relatively high GDP, the UK's emissions intensity 
of final energy is similar to the global average.  

• UK emissions per person of non-CO2 gases from the agricultural sector are similar to the 
global average.  

More broadly, the UK's higher economic output suggests more capacity to act to reduce 
emissions, particularly for actions that initially could be expensive. 

Looking forward, expected population and economic growth in the world as a whole are higher 
than for the UK. These imply a lower business-as-usual emissions growth for the UK than the 
world in aggregate, which may make deeper emissions reduction relatively easier to achieve. 

                                                           
103 ICL (2019) The UK’s contribution to a Paris-consistent global emissions reduction pathway. 
104 The UK has a substantial imported emissions footprint on top of this. These 'consumption' emissions are 
discussed in Section 4.  
105 Aggregated using GWP100 values from the IPCC 4th Assessment Report.  
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Past progress in decarbonisation  

Over recent years the UK has been amongst the most rapidly decarbonising countries, far 
outstripping the global average. Since 1990 the UK has reduced its per capita emissions from 
roughly double the global average to be in line with the global average now (Figure 3.8). 

• The UK’s energy sector CO2 emissions per person have been reduced by more than 5%/yr on 
average over the 2011 - 2016 period. Over a similar period global energy CO2 emissions per 
person declined by less than 0.5%/yr and show an increase if updated to include projected 
2018 data.  

• The UK's energy demand has also been steadily reduced, with a 1%/yr reduction over the last 
decade. 

• The underlying improvement in the carbon intensity of economic output in the UK (around 
2%/yr) over this period have been greater than both the world and the EU as a whole.  

• The UK also achieved an average 3.5%/yr reduction in the carbon intensity of its final energy, 
compared to only 0.5%/yr for the world. This was largely driven by a reduction in the carbon 
intensity of electricity generation, with a rapidly growing low-carbon share of the generation 
mix (growing by 3.7 percentage points per year over 2011 - 2016). This has led to a world-
leading 10%/yr reduction in the carbon intensity of the UK’s electricity generation over the 
same period.  

Progress outside of the electricity and industrial sectors has been similar to the global average 
but slower than in other parts of the EU: 

• Average UK decarbonisation rates per person in the buildings (0.8%/year) and transport 
(0.2%/year) sectors over the period 2011 - 2016, are similar to the global averages of 0.7%/yr 
and 0.2%/yr respectively.  

• In both of these sectors, decarbonisation rates in the UK have been outstripped by other 
similar economies. For instance, over the same period the EU achieved rates of 
decarbonisation in these sectors of 1.6%/yr and 2.4%/yr respectively.  

• Agricultural non-CO2 emissions are at a similar level (per person) to the global average, but 
have been approximately constant over 2011 - 2016 while the world has been decreasing by 
about 4%/yr over the same period.  

The challenge for the UK is therefore rather different to the challenge for the world as a whole. 
The UK needs to continue per capita emissions reductions at a similar rate to those achieved in 
the last several decades. The world as a whole needs to stop emissions rising and rapidly move 
to a position where they are falling as quickly as in the UK. 

Future potential for continued rapid decarbonisation ahead of the global average 

With sustained effort, there is potential for global decarbonisation over the next decade to 
proceed as rapidly as it has previously in the UK, as would be required to achieve the Paris 
Agreement temperature goal: 

• Immediate step-changes in global action are required to achieve pathways consistent with 
the long-term temperature goal of the Paris Agreement. Those must involve global per 
person emissions reductions similar to those achieved since 1990 in the UK (Figure 3.8).  

• Decarbonisation of the power sector could be a substantial contributor to this, as it was in 
the UK. 
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‒ In one sense the challenge is easier now due to the emergence of cheap renewable 
power around the world (Figure 3.7). 

‒ In another sense it is harder. Global demand for energy is projected to increase by 12 -
21% between 2016 and 2030106, whereas UK primary energy declined by around 5% per 
decade between 1990 and 2017. Whilst this implies a larger challenge, it could still be 
met if all new power generation comes from low-carbon sources (as it has in the UK for 
the last decade or so). 

Continuing to achieve rapid per capita decarbonisation rates in the UK will require tackling 
sectors beyond power. Other countries are demonstrating that it is possible to decarbonise 
sectors where only limited progress has been made in the UK thus far:  

• In Norway, 47% of all new vehicle sales were plug-in electric in the 12 months to September
2018, with Sweden achieving a 7.5% share of new sales, due in part to support through the
tax regime and other incentives. By contrast, in the UK electric vehicles made up just over 2%
of new car sales in the 12 months to September 2018.

• Heat-pump deployment has been significantly greater in many other European countries
than in the UK. Sales of heat pumps of all kinds in 2017 exceeded 240,000 in France, but were
less than 20,000 in the UK.107

• CCS deployment has begun in six other countries, with Norway having the largest per person
annual rate of CO2 capture (~350 kg/person/yr).108

Figure 3.8. Evolution of global and UK per capita emissions over time 

Source: CCC analysis; Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature 
Climate Change, 8 (12), 1027; Olivier, J. & Peters, J. (2018) Trends in global CO2 and total greenhouse gas emissions. 
Notes: UK GHG emissions per capita include land-use change emissions and emissions from international 
aviation and shipping. Land-use emissions from the Global Carbon Project are included in 'Historical - World'.  

106 BP (2019) Energy Outlook 2018; McKinsey (2019) Global Energy Perspective 2019. 
107 European Heat Pump Association (2017) Heat pumps – key technology to achieving Europe’s energy and climate 
goals: 2017 Market development and outlook. 
108 Drax (2018) Energy Revolution: A Global Outlook.  
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Our detailed assessment of the opportunities for further emissions reduction in the UK in 
Chapters 5, 6 and 7 support the view that the UK can continue to reduce emissions and can 
reach net-zero GHG emissions earlier than required for the world overall. 

The UK’s established policy frameworks position it well to make these reductions: 

• The Climate Change Act provides a long-term stable governance structure for UK climate
policy. The five-year carbon budgets under the Act ensure that the UK Government
undertakes near-term action that is commensurate with economically efficient pathways to
the long-term goal.

• The UK scores well on measures of institutional capacity, regulatory quality and government
effectiveness measures109, reflecting a relatively strong capacity for UK Government,
businesses and other actors to pursue ambitious emissions reductions in a stable and
supportive policy environment.

If the UK does continue to cut emissions in line with other leading countries and ahead of the 
world overall, this would support the global effort. As it has in the power sector, the UK could 
pioneer and demonstrate effective policy mixes for other sectors and share the learning from 
these with other countries as they tackle similar challenges shortly afterwards. 

4. Equity considerations
This section looks at the implications of considerations around equity and fairness for UK 
emissions targets as well as the relevance of emissions imported through goods and services. 

Section 1 highlighted the importance of equity and fairness as considerations for determining 
national emissions reductions under the Paris Agreement. Parties are explicitly required to 
communicate how their pledges (i.e. NDCs) are 'fair and ambitious'.  

We consider three aspects of equity in this section: 'consumption' emissions, average incomes 
and historical emissions. 

Consumption emissions 

The UK imports additional GHG emissions through our consumption of goods and services. 
These emissions do not appear in the UK GHG inventory, which in line with emissions 
accounting across the world is conducted on a territorial basis (i.e. it only counts emissions that 
directly arise from activity within the UK) to prevent any double counting of emissions at the 
global level (Box 3.3). This also more closely maps to levers available to the UK to reduce 
emissions. 

Estimates published by Defra (the Department for Environment, Food and Rural Affairs) indicate 
that UK consumption emissions were significantly higher than comparable territorial emissions 
reported in the UK GHG inventory. That reflects the high carbon intensity of our imports, which 
are more likely to be industrial products, than our exports, which are more likely to be services. 

It also partly reflects the UK's good progress in reducing its own emissions. 

• Actions like closing coal and switching to renewable power generation in the UK will tend to
reduce territorial emissions by more than consumption emissions (since under consumption

109 World Bank (2018) World Governance Indicators Dataset. 
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accounting some of the credit will lie with countries that import UK products that use the 
low-carbon power supply). 

• In contrast, improvements in carbon intensity in other countries will help to cut the UK's
consumption emissions, but not affect its territorial emissions.

Even if the UK reduces its own territorial emissions to net-zero, consumption emissions will only 
reach net-zero once the rest of the world's territorial emissions are also reduced to net-zero. At 
that point the UK can expect to pay slightly more to cover the costs of low-carbon production of 
the goods it imports. 

High consumption emissions in the UK could be seen as a reason for the UK to go further on 
emissions reduction, since it has a larger impact on global emissions than its territorial emissions 
suggest. 

Box 3.3. UK consumption emissions 

Under the Climate Change Act and the UNFCCC emissions are reported on a 'territorial' basis. This 
includes all the emissions and removals of GHGs that physically occur within the geographical bounds 
of the UK. This is consistent with internationally-agreed rules to prevent double counting of emissions. 

'Consumption-based' emissions reporting (often referred to as the UK's carbon footprint) aims to 
capture the emissions resulting from the consumption of goods and services within the UK, wherever 
their production occurs.  

• This includes most of the UK's territorial emissions, except for emissions associated with goods and
services exported from the UK.

• It also includes emissions associated with producing imported food and energy-intensive products
such as steel and cement. The UK is a net importer of emissions through its international trade.

The Government monitors consumption emissions on an annual basis but there are no legislated 
targets associated with consumption-based emissions.  

• Consumption emissions estimates have greater uncertainty than territorial emissions inventories as
calculating them requires modelling using large amounts of economic data to track the flow of
goods and services across countries along a product's entire supply chain.

• Statistics published by Defra show that the UK's consumption emissions are 69% greater than its
territorial emissions estimated under the UK GHG inventory (for 2016).

• Consumption-based emissions rose 16% from 1997 to 2007, but have since declined to 91% of
their 1997 levels (Figure B3.3).

• Imported emissions have grown as a fraction of the UK's total GHG footprint as territorial emissions
have declined rapidly.

Previous CCC analysis indicates that these territorial emissions reductions have not simply been off-
shored as they have largely been associated with reductions in the carbon intensity of energy 
produced in the UK. Consumption emissions have increased in spite of, not because of, falls in the UK's 
territorial emissions. 

In pursuing a net-zero emissions target, it is important that the actions to reduce UK territorial 
emissions do not simply off-shore these emissions to other parts of the world. Furthermore, actions 
that the UK can take to reduce its consumption emissions could be as effective in tackling climate 
change as actions to reduce territorial emissions. We reflect that in our scenarios in Chapter 5, which 
for example include resource efficiency and waste reduction, and identify actions that will reduce both 
UK territorial and imported emissions.  
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Box 3.3. UK consumption emissions 

Figure B3.3. Historical consumption emissions in the UK 

Source: CCC analysis; Defra (2019) UK's carbon footprint; BEIS (2019) Final UK greenhouse gas emissions national 
statistics: 1990-2017. 
Notes: UK territorial emissions are expressed using IPCC 5th Assessment report GWP100 values (without 
carbon cycle feedbacks) with F-gas emission excluded. This is to allow a like-for-like comparison to the UK 
consumption emissions statistics. International aviation and shipping is not included in UK territorial 
emissions totals.  

Average incomes 

The UK is a rich economy. It is the world's fifth biggest economy and the 25th richest on a per 
person basis, with GDP per person over two and a half times the global average.110 That can be 
argued on equity grounds to imply that the UK should bear more of the costs of the transition to 
a low-carbon global economy. 

Historical emissions 

As the birthplace of the industrial revolution the UK has large historical emissions. This means 
that the UK has a large per person contribution to past human-induced warming of the climate 
system:  

• Estimates of historical GHG emissions back to the start of the 19th Century indicate that
approximately 2 - 3% of the global warming attributable to human GHG emissions arose
from UK territorial emissions.111

110 World Bank (2018) World Bank Development Indicators Database. 
111 CCC analysis and updated from Skeie, R.B. et al. (2017) Perspective has a strong effect on the calculation of 
historical contributions to global warming. Environmental Research Letters, 12 (2), p.024022. 
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• When accounting for the UK's share of current global population (under 1%), this puts the UK
as one of the largest per person contributors to present climate change, behind Canada, the
USA and Russia and approximately equal with Germany.

High historical contributions to emissions and warming are often cited as reasons for countries 
like the UK to reduce emissions faster than the world as a whole. How much faster depends on 
the emissions included (i.e. only CO2 or all GHGs), the starting date for the historical comparison 
and the time horizon over which it is evaluated.  

Equity approaches to effort sharing 

A range of possible equity-based methodologies to share out the future global mitigation effort 
have been proposed focusing on different aspects of equality, responsibility and capability. 
These generally require the UK to do more than an equal per capita share (Box 3.4 and Figure 
3.9). 

• Methodologies which consider the UK's historical emissions ('Equal cumulative per capita') or
high average income ('Capability') would require emissions reductions close to or even in
excess of reaching net-zero GHG emissions (a 100% reduction relative to 1990 levels) for
limits on global warming in line with the Paris Agreement.

• Considering both the UK's relative wealth and large historical emissions ('Greenhouse
development rights') would require 2050 GHG emissions reductions significantly greater
than 100% relative to 1990 levels (over 150% reduction relative to 1990 levels in a 1.5°C
scenario). Under this allocation the UK would be removing GHGs from the atmosphere
overall to compensate for its high historical emissions and would need to reach net-zero
GHG emissions considerably before 2050.

As the UK has a relatively small share of current global GHG emissions but large historical 
emissions and a high average income, the upper end of equity-compatible targets would likely 
require UK emissions reductions significantly in excess of feasible domestic emissions 
reductions. It is important to note that these effort-sharing methodologies do not explicitly 
prescribe emissions reductions to occur domestically in the UK but could be achieved in-part by 
the UK undertaking and/or paying for emissions reductions elsewhere in the world, for example 
through climate finance or purchase of carbon offsets (see Chapter 4).  

Box 3.4. Equity-based approaches to sharing the global mitigation effort 

A variety of different equity frames have been used by countries to justify how their NDCs are ‘fair and 
ambitious’ as required under the Paris Agreement. These approaches can be categorised by three main 
principles: 

• Responsibility: This category would require countries that have contributed most to historical
warming and past emissions to undertake the most ambitious future reductions.

• Capability: This equity category requires countries that are the most able to undertake emissions
reductions (for example those that are richer) to take a larger share of future emissions reductions.

• Equality: This category includes approaches focused on equal per capita rights to emit (such as
'contract and converge' methodologies).

Some allocation methodologies involve elements of more than one of the above categories. For 
instance, the greenhouse development rights approach uses both GDP and historical cumulative 
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Box 3.4. Equity-based approaches to sharing the global mitigation effort 

emissions to allocate future emissions reductions, and has a minimum threshold of economic 
development for burden-sharing to apply.  

Due to the range of methodological choices such as the start date for responsibility, or whether to 
include all gases or just CO2, each individual equity approach can produce a range of results. Figure 3.9 
illustrates results for the UK from a particular study and demonstrates the general point that 
approaches which assign weight to historical responsibility and capability require the UK to go further 
to achieve its 'fair-share' emissions reductions.  

Source: CCC analysis; Winkler, H. et al. (2018) Countries start to explain how their climate contributions are fair: 
more rigour needed. International Environmental Agreements: Politics, Law and Economics, 18 (1), pp.99-115. 

Figure 3.9. Alternative equity-based allocations for a 'fair-share' UK emissions target in 2050 

Source: du Pont, Y.R. et al. (2016) National contributions for decarbonizing the world economy in line with the G7 
agreement. Environmental Research Letters, 11(5), p.054005. 
Notes: Allocations use a subset of global emissions pathways considered by IPCC-SR1.5, which have per capita 
emissions reductions slightly lower than the median of the full set of pathways (Table 3.2) but well within their 
range. Reductions are for all GHGs and expressed as a percentage of 1990 levels of emissions. 'Constant emissions 
ratio' is not generally considered an 'equity-based' way of allocating the global mitigation effort as it preserves 
the right of existing high emitters to emit more in the future (grandfathering) - but is included here for 
comparison. 'Equal cumulative per capita' and 'Capability' are very close in the >66% 2°C scenario and are visually 
indistinguishable.  
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5. An appropriate UK contribution to the Paris Agreement  
The Paris Agreement defines the level of warming that the world is aiming for. Chapter 2 
reviewed the latest climate science on the global emissions reductions that would be consistent 
with achieving this goal. It concluded that the world needs to reach net-zero CO2 by around 
2050 to keep warming to 1.5°C (with >50% probability) and around 2075 for the minimum 
ambition of the 'well-below' 2°C goal. Ultimately, to stabilise global temperatures, the world will 
need to reach net-zero long-lived GHG emissions alongside stable or falling emissions of short-
lived climate pollutants. 

However, this does not give a definitive answer to the question of what level of emissions the UK 
should aim for in the long run. 

Our conclusion from the analysis in this chapter is that the UK should aim for emissions 
reductions more ambitious than the world as a whole: 

• The UK is positioned to reach lower GHG emissions per person than the world as a whole and 
faster. 

‒ The UK has already reduced GHG emissions per person to the global average, having 
been double the global average in 1990. 

‒ UK emissions have been reducing for decades, whilst global emissions continue to rise. 

‒ Projected population and energy demand growth are higher for the world as a whole 
than for the UK. 

‒ The UK has an effective governance system in place in the Climate Change Act and a 
strong track record of effective policy-making. 

‒ The UK is a relatively rich nation, with GDP per person two and a half times the global 
average. 

• Equity arguments suggest the UK should go further than the world as a whole: we have high 
historical and 'consumption' emissions and are a richer developed nation. 

• A group of developed countries setting and achieving more ambitious emissions reduction 
targets would have a number of advantages for the global effort. These include easing the 
pace of deployment of expensive decarbonisation options in developing countries and 
facilitating technology and institutional development and transfer. Pathways developed for 
this report that rebalance effort towards existing climate leaders and richer nations appear 
more plausible than pathways that allocate effort based purely on theoretical cost 
optimisation. 

Table 3.2 shows the global average GHG emissions per person in 2050 for scenarios that are 
expected to achieve the temperature goal of the Paris Agreement and the equivalent reductions 
implied for the UK from 1990 levels that the UK should go beyond. A net-zero GHG target for the 
UK (i.e. a 100% reduction in emissions) would go beyond pathways that limit temperature rise to 
'well-below' 2°C and would be towards the high end of the range for reductions consistent with 
a limit of 1.5°C.  

Whether the world successfully limits temperature rise to the Paris Agreement's long-term 
temperature goal will depend on actions in the rest of the world alongside the UK. For example: 

• Temperature rise could be limited to 'well-below' 2°C if: 
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‒ The UK and other high-ambition countries deliver their 'highest possible ambition', 
reaching at least net-zero CO2 emissions by 2050 and net-zero GHG emissions around 
2050 where possible. That would go beyond the global average effort needed to keep 
warming to 1.5°C with over 50% probability. Chapters 5 - 7 of this report set out what 
would be required in the case of the UK to achieve this. 

‒ Middle-income countries like China peak their emissions very soon and reduce quickly, 
but do not reach net-zero CO2 emissions until after 2050. Efficiency, low-carbon power 
and electrification must all have major roles, supplemented by, for example, CCS. 

‒ Developing countries 'leapfrog' to low-carbon development paths, particularly for the 
energy sector, and shift from deforestation to afforestation. Emissions remain low on a 
per capita basis, but do not need to reach net-zero CO2 until after 2050, if at all. 

• For 1.5°C, countries like the UK would still need to deliver their 'highest possible ambition',
and other regions of the world would also need to reach net-zero CO2 emissions by around
2050. 

• A substantial increase in global near-term emissions reduction ambition will be needed
alongside these longer-term emissions reductions to limit cumulative future long-lived GHG
emissions to relatively low levels and to keep warming to levels in the Paris Agreement long-
term temperature goal.

This chapter concludes that the UK should reduce emissions beyond the level required for the 
world as a whole. Chapter 4 considers the UK's role as a climate leader internationally and 
considers how an ambitious net-zero emissions target in the UK would support increased 
ambition in the rest of the world. 

Table 3.2. GHG emissions per person compatible with the Paris Agreement temperature goal 

Well-below 2°C 1.5°C 

Global 2050 GHG emissions per person (tCO2e/year) 0.8 - 3.2 -0.4 - 1.7 

Equivalent reduction in total UK GHG emissions from 
1990 for same per capita emissions - the UK should go 
beyond the global average 

72% - 93% 85% - 104% 

Source: CCC analysis; Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature 
Climate Change, 8 (12), 1027. 
Notes: Ranges shown correspond to the minimum and maximum across the full range of the IPCC-SR1.5 scenario 
groupings with a >66% probability of warming below 2°C (well below 2°C) and a >50% probability of 1.5°C. Gases 
are aggregated using GWP100 values from the IPCC 4th Assessment Report. Population change in the UK is 
accounted for using 'Principal' long-term projection from the Office of National Statistics.   
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Introduction and key messages 
Chapter 3 set out the global effort needed to meet the long-term temperature goal of the Paris 
Agreement and an appropriate contribution from the UK towards it. This chapter considers 
opportunities for wider climate leadership from the UK, which can help support other countries 
in reducing their emissions. 

International collaboration forms an important part of the Paris Agreement. It is in the UK's 
interest given that global action tackles climate change, reducing the exposure of the UK (and 
the world) to rising climate risks. It can also help the UK to achieve its own emissions targets, for 
example by ensuring that strong governance is in place to develop genuinely sustainable 
supplies of biomass. 

Our key messages in this chapter are: 

• The UK has played a key role in driving climate action internationally to date and is 
well placed to keep playing a leading role: 

‒ The UK has led by example in cutting emissions, demonstrating that it is possible while 
growing the economy. The Climate Change Act 2008 (the Act) and UK approaches to low-
carbon policy more generally have provided positive examples that have been adopted 
elsewhere. 

‒ The UK has also been an active player in reaching international agreements, supporting 
mitigation and adaptation effort in other countries, building capacity and knowledge, 
improving governance and rules for financial markets including disclosure of climate-
related risks and in meeting its climate finance commitments in a productive and 
responsible manner. 

• To continue being a credible leader, the UK should set a net-zero GHG target by 2050 at 
the latest. Emerging commitments are showing that an increasing number of other climate 
leaders are adopting net-zero greenhouse gas (GHG) targets by 2050 or earlier. To stay part 
of this leading group the UK must set a more ambitious target than the world overall and 
one that at least aligns to plans from other climate leaders. This would imply reaching net-
zero GHG emissions by 2050 at the latest.  

• The UK should seek to maximise the international impact of any new target that is set 
and use it as an opportunity for further positive international collaboration. This should 
be targeted at the UK's areas of comparative advantage and aimed at increasing emissions 
reduction ambition as well as helping countries onto a sustainable development path.  

• The Paris Agreement includes several routes to collaboration, both through centralised 
and bilateral mechanisms, and including carbon markets. These could play a role to help 
deliver some of the more challenging decarbonisation options which may be required to 
reach net-zero emissions globally.  

We set out our analysis in four sections: 

1. Routes to collaboration under the Paris Agreement and UN bodies 
2. Current UK activities to support global efforts to tackle climate change 
3. Ratcheting effort up: emerging long-term commitments and increases in ambition  
4. Priorities for UK support towards increased global effort to reduce emissions 
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1. Routes to collaboration under the Paris Agreement and UN bodies 
The Paris Agreement is a broad international climate framework and has a considerably wider 
focus than greenhouse gas emissions mitigation. It sets a long-term goal with three main 
strands: 

• Mitigation: holding 'the increase in the global average temperature to well below 2°C above 
pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5°C above 
pre-industrial levels'. 

• Adaptation: increasing the ability to adapt to the adverse impacts of climate change and 
foster climate resilience and low greenhouse gas emissions development, in a manner that 
does not threaten food production and following a 'country-driven approach'. 

• Finance: making finance flows consistent with a pathway towards low greenhouse gas 
emissions and climate-resilient development. 

Voluntary cooperation between parties was recognised as crucial to reach the goals set out in 
the Paris Agreement. This identifies several routes to international collaboration, building on and 
going beyond existing obligations under the UNFCCC. The cooperative approaches set out in 
the Agreement reflect a broader shift from a 'top-down' to a 'bottom-up' structure (Chapter 3), 
where bilateral agreements between Parties could play an important role: 

• Climate finance. Article 9 calls for developed countries to support developing ones by 
mobilising finance from a range of sources. The support should 'seek a balance' between 
adaptation and mitigation actions, and take into account country-driven strategies and the 
priorities and needs of developing countries. 

• Technology sharing. Article 10 recognises the central role of innovation in achieving 
mitigation and adaptation goals, and encourages cooperation and technology sharing. It 
expects developed countries to provide financial support and to strengthen cooperative 
action to disseminate technology in developing countries.  

• Capacity building. Article 11 encourages cooperation across all Parties to enhance the 
capacity and ability of developing countries to take effective climate change action. Capacity 
building includes the development, dissemination and deployment of technology, access to 
finance and increased education and awareness.  

• Transfer of mitigation outcomes. Article 6 provides the option for countries to use 
'internationally transferred mitigation outcomes' (ITMOs) towards their commitments to 
reduce emissions (Box 4.1). It prompts efforts to ensure environmental integrity, 
transparency, robust accounting, and support for sustainable development.  

Beyond the Paris Agreement, there are further collaboration mechanisms under the UN. These 
are particularly relevant to emissions reduction from international aviation and shipping:  

• The responsible bodies for this are dedicated UN agencies, respectively the International Civil 
Aviation Organization (ICAO) and International Maritime Organisation (IMO).  

• Both agencies have recently reached agreements which represent a first step in limiting the 
sectors' contribution to global emissions (see Box 4.2 on the Carbon Offsetting and 
Reduction Scheme for International Aviation, CORSIA). 

The UK has been an active participant in negotiations at the UNFCCC, ICAO and IMO. 
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Box 4.1. ‘Carbon units’ and the transfer of international mitigation outcomes under the UN framework 

Throughout this report we refer to domestic or international 'carbon units’. 

• This is the language that the Climate Change Act 2008 uses to indicate a unit of one of the
following categories: a reduction in an amount of GHG emissions, a removal of an amount of GHGs
from the atmosphere or an amount of GHG emissions allowed under a [trading] scheme.

• In a wider context the term ‘credits’ is often used. The term ‘offsets’ is also used, particularly in the
international context when emissions occurring in a certain geographic location are being
compensated by a reduction or a removal elsewhere. The Paris Agreement refers to 'internationally
transferred mitigation outcomes' (ITMOs).

• For this discussion it is also important to distinguish carbon units used for compliance with an
emissions reduction target (such as allowances under the EU Emissions Trading System, EU ETS),
from those generated and exchanged in voluntary markets.

The Kyoto Protocol allowed the international transfer of carbon units by initiating the Clean 
Development Mechanism (CDM). There are several issues which impacted the effectiveness of the 
CDM. The main criticisms are a failure to incentivise truly additional emissions reductions, lack of 
transparency in governance, as well as a more general failure on its contribution to sustainable 
development objectives.  

The Paris Agreement includes two mechanisms to facilitate ITMOs, outlined in Article 6, which allow a 
portion of a party’s commitments to be achieved through actions abroad:  

• The direct transfer of an ITMO between two willing parties for the purpose of accounting towards
their respective nationally determined contribution (NDC).

• An international market-based mechanism to facilitate the transfer of emissions reductions from
project-based mitigation activities around the world to purchasing nations. This mechanism is
intended to be the Paris Agreement’s successor to the CDM.

Negotiations are still ongoing and rules are expected to be finalised at the 25th Conference of the 
Parties (COP25) at the end of 2019:  

• Agreement on a set of rules to facilitate the international transfer of mitigation outcomes could not
be reached at COP24 in 2018 when the rest of the Paris Agreement rulebook was agreed. Finalising
these rules has been postponed to COP25.

• In the design of the new framework parties are building on the lessons learned from the
implementation of the CDM. Negotiations have given particular attention to rules to avoid double
counting, which is essential to ensure that mechanisms for international collaboration are robust.

• However, as under the Paris Agreement trading only has to be ‘consistent’ with guidelines
developed by subsequent COPs, this failure to agree rules is not a barrier to parties beginning to
consider cooperation to achieve their NDCs and longer-term targets.

Overall, the transfer of carbon units will likely continue to be used internationally as a mechanism to 
promote cost-efficient abatement and to mobilise finance. Article 6 could provide a more robust 
framework addressing some of the key shortcomings in the CDM, both through its new centralised 
mechanism and by allowing parties to cooperate bilaterally towards meeting their NDCs.   

Source: Marcu, A. (2016) Carbon Market Provisions in the Paris Agreement (Article 6); AEA, et al. (2011) Study on the 
Integrity of the Clean Development Mechanism (CDM). Final report; Carbon Market Watch (2018) The Clean 
Development Mechanism: Local Impacts of a Global System; UNFCCC. 
Notes: The CDM allows projects generating emissions reduction in developing countries to earn certified 
emissions reduction units (CERs) which may be traded in emissions trading schemes. 2% of the proceeds from 
CERs went to the Adaptation Fund established under the Kyoto Protocol. COP24 agreed that a share of proceeds 
from the Article 6 market-based mechanisms would be used to continue that Adaptation fund. 
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Box 4.2. Collaboration to reduce emissions from international aviation 

Aviation contributes to both CO2 and non-CO2 warming effects. If its greenhouse gas emissions were 
left to increase, by 2050 they would constitute approximately 10% of the global cumulative carbon 
budget compatible with limiting temperature increase to 1.5°C or below (Note 1).  

The body in charge of developing an approach to mitigating emissions from international aviation is 
the UN's International Civil Aviation Organisation (ICAO). 

Emissions from aviation can be limited through improvements to fuel efficiency, constraints on 
demand growth and switching to alternative fuels. However, deep emissions reductions in the aviation 
sector will be more difficult to achieve compared to other sectors (see Technical Report, Chapter 6). 
Current trends suggest a large share of emissions from aviation will have to be compensated through 
reductions elsewhere or through emissions removal from the atmosphere. 

In 2016 ICAO members agreed the Carbon Offsetting and Reduction Scheme for International Aviation 
(CORSIA): 

• This will run from 2021 to 2035, though it will be voluntary until 2026. It creates an obligation for
carbon-neutral sectoral growth from 2020. Any unabated emissions above 2020 levels will have to
be offset through the purchase of emissions reduction units.

• The mitigation gap that CORSIA needs to cover has been estimated at between 1.6 and 3.7 GtCO2e
over its operational period (2021-2035), meaning it may represent the single largest source of
demand for emission offsetting after 2020 (Warnecke et al, 2018). As such, the integrity of eligible
carbon units under CORSIA is critical for it to genuinely contribute to global mitigation efforts.

• A final set of eligibility criteria for emissions units has recently been approved by the ICAO Council.
These include key elements such as 'no double counting' (emission reductions should only be
counted once towards mitigation commitments) and 'permanence' (carbon units should represent
permanent emissions reduction). The responsibility to select eligible projects on the basis of those
criteria is assigned to a Technical Advisory Body made up of member-state experts.

Uncertainties around the availability and cost of robust carbon units in the longer term (Note 2) and 
broader developments in international carbon units markets may impact the effectiveness of the 
CORSIA scheme. Should this be the case, the wider cooperation mechanisms under Article 6.2 of the 
Paris Agreement could provide an alternative route for more robust standards through bilateral 
agreements. 

Despite the challenges, CORSIA offers a route to limit post-2020 aviation emissions. It can provide an 
interim measure allowing new solutions to become available and support the development of a global 
market in carbon units, particularly for GHG removal technologies. However the emissions cap at 2020 
levels, committed until 2035 only, is not compatible with achieving net-zero emissions globally. The 
ICAO should set a long-term objective for aviation emissions consistent with the Paris Agreement and 
align CORSIA to this. 

Source: ICAO (2016) Assembly Resolution A39-22/2; EDF (2018) Carbon prices under carbon market scenarios 
consistent with the Paris Agreement: Implications for the Carbon Offsetting and Reduction Scheme for International 
Aviation (CORSIA); Warnecke, C., et al. (2019) Robust eligibility criteria essential for new global scheme to offset 
aviation emissions; ICAO (2016) ICAO Environmental Report 2016.  
Notes: (1) Based on 543 GtCO2e of global carbon budget consistent with the IPCC's 1.5°C scenario (CCC analysis), 
and 56 GtCO2e of projected aviation emissions between 2015 and 2050 (2016 published Carbon Brief analysis).  
(2) E.g. a recent study by the US' Environmental Defence Fund (EDF) modelling carbon prices under alternative 
scenarios estimates prices between $7.6 (current NDC ambition) and $70 (2°C compatible) in 2035. 
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2. Current UK activities to support global efforts to tackle climate 
change 
The UK has been leading climate action internationally both by acting as a positive example and 
in carrying out various international activities. This section looks at both aspects, covering: 

(a) Governance and capacity building 
(b) Diplomacy and negotiations 
(c) Technology development and sharing 
(d) Climate finance  
(e) Carbon markets 

(a) Governance and capacity building 

The UK Climate Change Act 2008 (the Act) has been a model of climate legislation for many 
countries worldwide. The UK has also been a driving force in green finance initiatives (Box 4.3), 
and is engaging in various capacity building activities aimed at strengthening institutions 
abroad. 

The Act made the UK the first country in the world to set a legally-binding long-term emissions 
target within a comprehensive climate law covering both mitigation and adaptation.  

• A crucial part of the framework established by the Act is that it links the long-term target to 
nearer-term policy requirements. The Act requires that five-yearly carbon budgets are set on 
the path to the long-term target and that the Government bring forward policies and 
proposals to meet both. The Committee on Climate Change (CCC) was set up as an 
independent advisory body and must report annually on progress to Parliament.  

• This framework remains among the strongest in the world and has allowed the UK to be 
influential on climate action internationally. Since the Act's passage in 2008, several other 
countries have adopted comprehensive climate legislation,112 and some like Mexico (2012) 
and Sweden (2017) have explicitly drawn on the Act as an example for domestic laws.113 
More recently, France has established the High Council on Climate Action (HCAC), an 
independent body with a similar role to that of the CCC.114 The Act has also been identified as 
'one of the factors that enabled the UK to play a leading role in the Paris Agreement 
process'.115  

• The Committee's own experience is that there has been significant demand for knowledge 
sharing from other countries. The Committee and its staff have shared experiences with 
delegations from numerous countries to support capacity building, including Canada, China, 
France, Germany, Japan, New Zealand, the Philippines, Portugal, Sweden, South Korea and 
Taiwan.  

                                                           
112 These include, from the most to the least recent: Peru and Benin (2018); Paraguay and Pakistan (2017); Kenya 
(2016); Malta, Ireland, Papua New Guinea, Finland and Taiwan (2015); Honduras and Mozambique (2014); 
Micronesia, Guatemala and Burkina Faso (2013); Iceland (2012); France (2010); Brazil, Nicaragua and Philippines 
(2009). 
113 Mexico adopted its General Law on Climate Change in 2012 and Sweden adopted its Climate Act in 2017. 
114 The Tyndall Centre (28 November 2018) 'Corinne Le Quére becomes Chair of France's first climate change 
committee'. Available at: https://www.tyndall.ac.uk/news/corinne-le-qu%C3%A9re-becomes-chair-frances-first-
climate-change-committee. 
115 Fankhauser, S., Averchenkova, A. and Finnegan, J. (2018) 10 Years of the UK Climate Change Act. 
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Box 4.3. Green finance 

'Green' finance refers to private investment being channelled into sustainable projects and 
infrastructure (i.e. with positive environmental and/or climate benefits), and to environmental risk 
being factored into financial decision-making. It includes 'green bonds', i.e. bonds that are earmarked 
for projects with positive impacts on sustainability.  

The UK has taken a leading role in the growth of green finance internationally and is a 'front-runner in 
some aspects, in terms of raising the profile of the issue' according to a 2016 UNEP Inquiry. 

• The UK's targeted regulatory regime has helped facilitate major growth in green assets, with the UK
holding 80% of the EU's 'alternative finance' market as of 2016.

• The UK's Green Investment Bank, established in 2012, was the first institution in the world of its
kind. It played a major role in unblocking financing for renewable energy projects and has since
been privatised.

• In 2017, the UK Government endorsed the recommendations from the Task Force on Climate
Related Financial Disclosures (TCFD), which was set up by the G20's Financial Stability Board (FSB).
These recommendations aim to mainstream risks and opportunities posed by climate change into
financial disclosures. Following these recommendations, the UK established the Green Finance
Taskforce in 2017 and a new Green Finance Institute, and committed to publish a Green Finance
Strategy (expected in spring 2019).

• Internationally, the UK has worked towards accelerating green finance through further initiatives,
for instance it co-chaired the G20 Green Finance Study Group with China in 2015, suggesting
options to G20 members on how to scale up green finance globally. The Bank of England, a
founding member of the Network for Greening the Financial System (NGFS), produced pioneering
work to identify financial risks and opportunities from climate change which has been an example
to other financial institutions.

• Some areas need further progress. Export finance is not aligned with climate goals, and often
supports high-carbon investments. The UK Environmental Audit Committee recently launched an
Inquiry investigating the scale and impacts of UK Export Finance's investments and subsidies to
fossil fuels in developing countries. It will look at possible alternatives and Government plans to
tackle this.

Given its past successes in this area and the global importance of its financial institutions, the UK is 
particularly well placed to drive further progress in green finance internationally. 

Source: UNEP Inquiry (2016) Building a Sustainable Financial System in the European Union; Nannette Lindenberg 
(2014) Definition of Green Finance; The Green Finance Task Force (2018) Accelerating Green Finance; ICMA (2018) 
The Green Bond Principles; UN Environment: https://www.unenvironment.org/regions/asia-and-pacific/regional-
initiatives/supporting-resource-efficiency/green-financing; UK Parliament: 
https://www.parliament.uk/business/committees/committees-a-z/commons-select/environmental-audit-
committee/inquiries/parliament-2017/uk-export-finance-17-19/ 

Other examples of successful capacity building include: the contribution of UK scientists to 
international climate science and the IPCC's work; strengthening sustainable governance; 
monitoring reporting and verification (MRV); the UK's work on supply chains (e.g. to halt 
deforestation,  including through the UNFCCC programme on Reducing Emissions from 
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Deforestation and Forest Degradation, REDD+);116 and other more recent initiatives such as the 
UK Partnering for Accelerated Climate Transitions programme (PACT).117 

(b) Diplomacy and negotiations 

The UK has been a consistent positive voice in driving international climate agreements and has 
had a positive influence in the wider international context.  

• The UK negotiated as part of the EU in the UNFCCC talks, often leading for it. The UK is 
widely considered to have played a leading role in the negotiations for the Paris 
Agreement.118  

• The UK was also amongst the initiators of the High Ambition Coalition. This is a group of 
developed and developing countries sharing the highest level of ambition in the 
international climate talks. The Coalition is considered to have 'played a key role in shaping 
the Paris Agreement'.119, 120 

• The UK has been an influential voice on international aviation and shipping issues within the 
ICAO and IMO (Section 1). For instance, the UK was a strong proponent of the recently 
approved criteria on 'additionality' and 'no double counting' for CORSIA carbon units, and it 
led a group of countries pushing the IMO to adopt more ambitious goals. 

• The UK jointly launched, with Canada, the Powering Past Coal Alliance (PPCA) in 
November 2017. The Alliance provides knowledge-sharing and expert support to its 
members to help move away from unabated coal power. Increasingly, medium-sized coal 
users such as Mexico are joining the Alliance and the UK is also involved in early stage 
dialogues with some of the larger coal users, such as South Africa and Germany. 

• The UK has taken a proactive approach to mainstream climate talks through other channels 
including the Foreign and Commonwealth Office (with its highly-regarded network of 
climate attachés),121 the G7 and G20, the UN Security Council and other 'soft diplomacy' 
routes. The UK has also recently committed to lead on Resilience for the UN Secretary 
General’s summit in September 2019.   

The UK's diplomatic influence has been strengthened by its strong track record of cutting 
emissions while growing its economy (Chapter 1, Figure 1.3), and by its strong legislative 
framework (i.e. the Climate Change Act). 

                                                           
116 See for example: PWC (2011) Funding for forests: UK Government support for REDD+. 
117 The UK PACT programme is part of BEIS' International Climate Finance portfolio providing targeted climate 
finance support on the basis of bilateral relationships to support institutional change, and assist countries with 
infrastructure and capital building. Its projects run over a period of two years and the current two-year projects have 
£60 million available funds. 
118 See for example Fankhauser, S., Averchenkova, A. and Finnegan, J. (2018) 10 Years of the UK Climate Change Act. 
119 The European Commission (12 December 2018) COP24: EU and allies in breakthrough agreement to step up 
ambition. 
120 It is worth noting that the majority of the 14 countries which to date have adopted a net-zero emissions goal 
(Table 4.1) are part of the Coalition. 
121 UK Parliament (2010) The Role of the FCO in UK Government. Written evidence from the Foreign and Commonwealth 
Office. 
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(c) Technology development and sharing 

At the global level, the decarbonisation challenge now appears considerably more tractable due 
to the rapid decrease in the costs of renewable power in recent years (Chapter 3). 

The UK has made a significant contribution to this technological progress through its offshore 
wind sector. It has consistently been the largest global market (over one third of the global 
installed capacity in 2017 was in UK waters122) and costs have fallen to the point that projects are 
being contracted across Europe with no or minimal subsidy. UK institutions that contributed to 
falling costs are also engaged in international collaboration, for example the Offshore 
Renewable Energy Catapult has been helping address technical and engineering challenges in 
the Chinese market. 

UK industry and research centres are engaged in international collaboration on a number of 
other low-carbon technologies and knowledge areas. The impact of those initiatives is difficult 
to evaluate but qualitative evidence suggests positive results (Box 4.4). 
 

Box 4.4. UK collaboration in low-carbon technologies 

• CCS technology. The UK has been sharing knowledge on carbon capture and storage (CCS) with 
various countries including China, Mexico and the EU. This includes providing support on practical 
aspects of delivering large-scale commercial CCS projects (e.g. under the Front End Engineering 
and Design contracts); leading an international working group to accelerate deployment of CCS 
and participating in Mission Innovation (a global initiative working to accelerate clean energy 
innovation); and overseas collaboration through the UK CCS Research Centre (e.g. with Canada, 
Australia, the Netherlands, China and the USA).  

• Batteries. This is a growing sector and companies in the chemical and automotive battery sector 
have the potential to supply valuable material needed to build batteries domestically in the UK. 

The Government is supporting this through investments in research on batteries for applications 
like electric vehicles (EVs), for instance through the Faraday Battery Challenge, which has been set 
up with a £246 million fund as part of the Industrial Strategy. 

• Solar photovoltaic. A number of UK research institutions are leading on the development of solar 
photovoltaic, including international collaborations with other countries such as India and Egypt 
(e.g. Swansea University lead the SUNRISE project exploring solar power in rural Indian villages). 

• The UK Research and Innovation body UKRI provides funds to several collaboration initiatives, 
with £7 billion worth of funds across its partnerships and areas of research. It includes the Global 
Challenges Research Fund (GCRF), which funds sustainable development initiatives with 
transformational impact, including on climate change.  

• Other examples of knowledge sharing in developing, middle and higher income countries 
include: the development of innovative biomass supply chains, the sharing of microgrid 
technologies (used to distribute solar power in remote locations) and Hydrogen energy (e.g. 
collaboration with Canada and UK's participation in EUROfusion, a European collaboration research 
project to develop fusion power reactors). 

 

                                                           
122 Global Wind Energy Council: https://gwec.net/global-figures/global-offshore/ 

643  



 
 

 
 

   Chapter 4: Supporting increased global ambition                                                  121 

 

More broadly, global supply chains have been critical in driving down the cost of clean energy 
technologies - from solar panels to LEDs and batteries. The UK has contributed to this through its 
open markets and well-established financial institutions.  

Building on past examples, the UK is well-placed to drive the development and diffusion of 
technologies internationally and keep driving costs down. The Government has taken some first 
steps to support this, and is investing in research and innovation as part of its Industrial Strategy. 

(d) Climate finance 

Climate finance is a form of sustainable finance and is one of the cooperation mechanisms in the 
Paris Agreement that can be used to fund technology development and transfer, governance 
and capacity building.  

• Together with other developed countries, the UK committed in 2009 to raising $100 billion 
annually, from both public and private sources, for climate action in developing countries. 
The pledge applies until 2025, when a new higher target is expected to be set.  

• These funds are delivered through a wide range of channels, including multilateral and 
bilateral funds (e.g. the UNFCCC's Green Climate Fund), lending by multilateral development 
banks (MDB), and privately managed funds.  

In the UK, climate finance funds are part of the Overseas Development Budget (ODA) and are 
gathered through the International Climate Fund (ICF).  

• The ICF is jointly managed by BEIS, Defra and DfID and its funds are evenly spent on 
mitigation and adaptation activities.  

• It accounts for nearly 8% of the ODA budget which is set as a constant 0.7% share of GDP and 
grew from £8.45 billion in 2010123 to £14.1 billion in 2017.124  

• The Government spent £3.9 billion on climate finance activities over 2011-2015 (around £0.8 
billion per year), and has recently committed to spending £5.8 billion between 2016 and 
2021.  

• While climate finance to date has been delivered mostly through multilateral funds and 
development banks, this is increasingly shifting towards a focus on bilateral agreements.  

A recent performance review by the Independent Commission for Aid Impact (ICAI) was broadly 
positive. It found the UK makes 'strategic choices' enhancing the coherence of the ICF structure, 
and increasingly contributes to generating transformational impact.125 The low visibility of its 
contributions however reduces the impact of its demonstration and influencing objectives.  

UK climate finance has been supporting a number of projects and programmes globally. While it 
is not always possible to quantify the emissions savings these deliver, there is evidence of 
positive impacts to date.  

• Funded programmes include technical and institutional capacity building, both for 
mitigation and adaptation (from solar power to mangrove restoration); purchasing carbon 

                                                           
123 Fitzsimons, E., Rogger, D. and Stoye, G. (IFS) (2012) UK development aid. 
124 DfID (2018) Statistics on International Development. Final UK Aid spend 2017. 
125 ICAI (2019) International Climate Finance: UK aid for low-carbon development. A performance review. 
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units to tighten national emissions trading caps (e.g. through the CDM), 126 and payments 
attached to policies generating emissions savings.  

• The programmes contributed to emissions savings, installation of clean energy capacity and
improved access to clean energy. They also contributed to lowering the costs of certain low-
carbon technologies, for example through the concentrated solar power (CSP) programme in
Morocco.127

• In the past, climate finance was mainly directed to single projects or programmes, as a
reflection of the wider UNFCCC cooperation structure under the CDM. The focus is
increasingly shifting towards supporting nation-wide programmes and country long-term
strategies (e.g. under the Partnering for Accelerated Climate Transitions programme, PACT).

Other countries leading on climate action have taken a number of different approaches to 
climate finance (Box 4.5). 

Box 4.5. Examples of international climate finance approaches by other leading countries 

• Japan - the Joint Crediting Mechanism (JCM). This is a project-based bilateral offset crediting 
mechanism initiated by the Government of Japan, aiming to facilitate the diffusion of low-carbon 
technologies. The credits generated under the JCM are shared between Japan and the project 
host country and count towards their respective GHG emission reduction targets, but cannot 
currently be traded outside of the scheme. Project registries help avoid double counting of 
associated emissions savings. The JCM is seen as one of the possible cooperative approaches 
stipulated in Article 6 of the Paris Agreement.

• France - the French Development Agency (AFD). France contributes to ICF through its
development agency, for which climate change is one of the five key priority areas. Contributions
are now expected to increase from €3 billion a year in 2015 to €5 billion a year in 2020. The AFD has
already achieved a target set in 2013 for at least 50% of the supported projects to have a climate
co-benefit.

• Germany’s climate finance emphasises bilateral cooperation. A large share of federal climate
finance funds is channelled through bilateral cooperation for development (approximately 85% in
2015-2016, compared to 15% through multilateral funds). International climate finance and
traditional development programmes have the same structure - but contribute to climate activities
to different degrees (referred to as 'climate-relevant' development cooperation). To ensure
transparency, the Government publishes a database which collects information on Germany's
climate finance from various sources.

• Norway's International Climate and Forest Initiative (NICFI) was established in 2008 and is
currently scheduled to run until 2020; it is largely managed by Norway’s Agency for Development
Cooperation (NORAD). The Initiative has established a series of large-scale partnerships with key
forest countries, with 3 billion Norwegian Krones committed per year (around £0.3 billion).

Source: Asian Development Bank (December 2016) Joint Crediting Mechanism: An Emerging Bilateral Crediting 
Mechanism; the French Government (11 December 2018) France increases its contribution to climate funding; 
German Climate Finance: http://www.germanclimatefinance.de/; NORAD: https://norad.no/en/front/thematic-
areas/climate-change-and-environment/norways-international-climate-and-forest-initiative-nicfi/ 

126 Note that international carbon units purchased through ODA funds cannot be counted towards emissions 
reduction targets. 
127 IRENA reports that auction prices in Morocco have gone from nearly 0.3 USD/kWh for 2016 to less than 0.15 
USD/kWh for 2020. Source: IRENA (2018) Renewable Power Generation Costs in 2017. 
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(e) Carbon markets 

Carbon markets support international climate change efforts both by allowing access to cost-
efficient abatement options and as a source of finance. There is some evidence that shows 
trading contributes to lower abatement costs and incentivises innovation.128 However, in order 
to incentivise low-carbon investment, carbon prices need to be sufficiently high. 

The UK's engagement in carbon markets primarily occurs through the EU Emissions Trading 
System (EU ETS), of which the UK was one of the key architects:  

• The EU ETS covered around 40% of EU Emissions as of 2016,129 and is the second largest 
carbon market globally after China (where carbon trading began many years after the EU).  

• The UK played a key role in the set up and design of the system and its rules, including 
running a UK ETS from 2002 as a pilot for the EU scheme, which started in 2005.   

• Of the 11,000 operators covered by the scheme, 1,000 are located in the UK accounting for 
about 10% of EU ETS emissions.130  

• Over the 5 years between 2013 and 2017, the UK was a net buyer of 105 million EU ETS 
emissions allowances.131 Traded allowances to date included the purchase of a limited 
amount of international carbon units. This will no longer be allowed in the next EU ETS phase 
(from 2021 onwards).  

The effectiveness of the EU ETS in the past has been limited by an over-supply of allowances, 
which has resulted in a low carbon price. Various mechanisms have been put in place to ensure 
higher carbon prices:  

• At the EU level, the EU ETS cap has been set to fall over time, and the issue of over-allocation 
was addressed with two key measures: 'backloading' and the Market Stability Reserve 
(MSR).132 Following these reforms, the price of allowances has gradually increased reaching a 
level of 22€/tonne in March 2019 compared to 7€/tonne in March 2012.133 

• The UK introduced a price floor for emissions allowances in 2013. This currently adds 
£18/tonne to the EU ETS price and it has been a key driver of the 83% drop in UK coal-fired 
power generation from 2013 to 2017.134 The UK also established mechanisms (e.g. 
compensations and exemptions) to deal with competitiveness issues affecting the most 
energy-intensive industries. 
 

There is uncertainty about the future of emissions trading in the UK following exit from the EU. 
The Committee has previously stated a preference for the UK to remain within the EU ETS.135 

                                                           
128 E.g. Cludius, J. et al. (2019) Cost-efficiency of the EU Emissions Trading System: An Evaluation of the Second Trading 
Period. 
129 According to published EEA data, EU GHG emissions in 2016 were around 4.4 GtCO2e and verified emissions 
under the EU ETS were 1.7 GtCO2e. 
130 EEA EU (10 July 2018) Emissions Trading System Data Viewer. 
131 BEIS (2018) Final UK greenhouse gas emissions national statistics: 1990-2017. 
132 'Backloading' is a short-term measure postponing the auctioning of 900 million allowances from 2014-16 until 
2019-20. The MSR is a long-term measure with mechanisms to regulate the amount of allowances in circulation. 
Source: DG CLIMA, https://ec.europa.eu/clima/policies/ets/reform_en  
133 Source: Sandbag Carbon Price Viewer, last accessed in April 2019. Available at: https://sandbag.org.uk/carbon-
price-viewer/ 
134 BEIS (2019) Energy Trends. 
135 Several non-EU countries are members of the EU ETS (e.g. Norway, Iceland and Lichtenstein). 
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The UK has also been a buyer of a limited amount of certified emissions reductions (CERs) under 
the CDM (Box 4.1) and other voluntary offsetting schemes. It has done so through various 
channels including through operators under the EU ETS (which will no longer be possible after 
2020); international climate funds (e.g. to tighten caps and then writing these off); individual 
consumers and businesses (including from voluntary schemes other than the CDM). 

The UK has contributed more widely to support global carbon pricing mechanisms, including 
through various World Bank initiatives. These include the Partnership for Market Readiness 
(PMR), the Pilot Auction Facility (PAF) and the more recent Transformative Carbon Assets Facility 
(TCAF), which uses result-based payments. In doing so, the UK shared its expertise from the EU 
ETS to help others to set up their own markets.  

With its mature carbon market and related know-how, the UK is well-placed to further drive 
improvements in carbon markets globally. 

3. Ratcheting effort up: emerging long-term commitments and increases 
in ambition  
This section describes long-term commitments and increases in ambition by other climate 
leaders - both state and non-state actors - which are rapidly emerging. These suggest that in 
order to maintain its role as climate leader, the UK should as a minimum align to the 
commitments being set and considered by other leading countries and the EU. 

Since the Paris Agreement was signed a number of commitments have begun to emerge to help 
increase global mitigation ambition prior to 2030, however only a few of these have been 
translated into domestic frameworks:  

• Three countries (Argentina, Indonesia and Morocco) have adopted more stringent targets in 
converting their Intended Nationally Determined Contributions (pledged before the Paris 
Agreement was signed) into NDCs.136 

• Six countries (Morocco, Nepal, Sri Lanka, Pakistan, Uruguay and Venezuela) announced new 
supplementary commitments and actions when revising their NDCs (WRI, 2018). 

• Other updates to NDCs have increased the transparency of national mitigation 
commitments, for instance by specifying the level of emissions that will result if their NDCs 
are achieved (Argentina, Canada, Morocco and Uruguay), the anticipated emissions savings 
from their actions (Belize) or by providing information of how their NDCs will be 
implemented and monitored (Benin, Morocco, Pakistan and Sri Lanka). 

• While most countries have an economy-wide emissions reduction target in their NDC, only a 
few of these have been translated into domestic frameworks. Currently, only six countries 
have set economy-wide targets beyond 2030 in their NDCs and only 16 countries and the EU 
have done so in their laws and policies.137, 138  

                                                           
136 According to 2018 published analysis by the World Resources Institute (WRI), Argentina and Indonesia have 
clarified their target definition, leading to a projected additional reduction in 2030 of around 100 MtCO2e across 
both countries. Morocco increased its commitment from a 13% reduction relative to 'business-as-usual' to a 17% 
reduction. Available at: https://www.wri.org/blog/2018/04/insider-whats-changing-countries-turn-indcs-ndcs-5-
early-insights 
137 Alina Averchenkova (2019) Legislating for a low carbon and climate resilient transition: learning from international 
experiences. 
138 Michal Nachmany and Emily Mangan (2018) Policy brief: ‘Where are we going?’ Aligning national and international 
climate targets. 
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Countries have also begun to signal their intentions regarding raising their pre-2030 NDC 
ambition by the end of 2020.  

• The High Ambition Coalition have signalled their intention to raise their NDC ambition by the 
end of 2020.139 

• The Marshall Islands (also part of the High Ambition Coalition) became the first country to 
submit a revised NDC, firming up its indicative target to reach a 45% reduction of GHG 
emissions below 2010 levels by 2030 (compared to its pre-Paris commitment to reach a 32% 
reduction by 2025). Although the Marshall Islands represent only a minimal share of global 
emissions and GDP,140 they - along with other members of the Alliance of Small Island States - 
are likely to suffer some of the largest impacts from climate change and so have an 
important voice in global climate talks. 

Since the signing of the Paris Agreement, the USA has announced its intention to withdraw from 
the Paris Agreement, and has ceased implementation of its existing NDC. This withdrawal will 
not be complete until the 4 November 2020, the day after the next US presidential election. 
Despite this, ambition has continued at a non-federal level, with a number of alliances pledging 
to implement the ambition of the USA NDC.  

• We are Still In, America's Pledge and United States Climate Alliance all represent coalitions of 
sub-federal state actors that have committed to undertake ambitious climate action.  

• 19 states have made quantifiable GHG reduction or renewable energy commitments. 16 US 
state governments have stated their will to pursue the objectives of the Paris Agreement 
under the US Climate Alliance. This includes California (with an economy of similar size to the 
UK) which has used an executive order to commit to reduce emissions to net-zero by 2045. 
Taken together, the various US coalitions of states, cities and businesses supporting the Paris 
Agreement make up around 37% of US GHG emissions.141 

Longer-term commitments from other countries have also been emerging, including a number 
that aim at a net-zero emissions goal, as reflected in Table 4.1 below. 

• 11 countries have produced a mid-century, long-term low greenhouse gas emission 
development strategy that has been submitted to the UNFCCC. Under the Paris Agreement 
all other countries must submit a mid-century strategy before the end of 2020. 

• Through the 2050 Pathways Platform, 19 countries and 32 cities have committed to develop 
long-term, low-emissions, climate-resilient development strategies. 

Net-zero commitments vary in terms of their definition, the date for reaching net-zero emissions, 
and the institutional strength of the commitment to achieve the target (Table 4.1). These 
commitments have been made by a range of countries, both developed and developing. The EU 
and other rich developed countries have set or considered targets for net-zero GHG emissions 
by 2050 or before. 

                                                           
139 European Commission: https://ec.europa.eu/clima/sites/clima/files/news/20181211_statement_en.pdf 
140 In 2017, the Marshall Islands accounted for 0.12 Mt of CO2 emissions, compared to nearly 41.2 Gt of global CO2 
emissions. Its GDP in 2017 was around $200 million compared to nearly $81 trillion of global GDP.    
141 America's Pledge (2018) Fulfilling America's Pledge. 
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• The European Commission has proposed a vision for a net-zero GHG Europe by 2050. This
includes LULUCF sinks142 but does not include any use of international carbon units. This is
not yet a legislative proposal, but has been supported by the EU Parliament.

• Sweden became the first country in 2017 to legislate for a net-zero GHG target. It commits to
reach net-zero emissions by 2045, with at least an 85% reduction relative to 1990 levels143

occurring domestically and up to 15% coming from international carbon units, enhanced
land-sinks or other engineered GHG removals. Contributions from international aviation and
shipping are not included within this target unlike for the UK's current 2050 target under the
Climate Change Act.

• France has a climate action plan with a net-zero GHG target of 2050 proposed by the
Government, and is working on a bill to come before its parliament in the spring.

More widely, ambitious commitments by several non-state actors have also been emerging. 
These include: businesses (e.g. Siemens' commitment to carbon neutrality and Unilever's 
ambition to eliminate fossil fuels from their operations - both by 2030); cities (e.g. C40 Cities' 
pledge to enact policies ensuring new buildings operate at net-zero carbon by 2030 and all 
buildings by 2050144); and regions (e.g. several Australian provinces have introduced some form 
of net-zero emissions goals).  

Overall therefore emerging direction is towards climate leaders setting targets for net-zero GHGs 
by or before 2050. 

Table 4.1. Emerging net-zero commitments in other countries 

Net Zero: 
CO2 or GHGs 

Date to 
achieve 
target by 

Formality Additional information 

Net-zero targets under consideration 

European 
Union 

GHGs 2050 Commission 
Proposal 

Proposal includes detailed scenarios to 
meet target without use of international 
carbon units. Includes land use 

France GHGs 2050 Bill - not yet 
legislated 

Provides scenario to meet target without 
use of international carbon units 

New Zealand To be 
decided 

2050 Bill - being 
drafted 

High agricultural emissions make an all-
GHG target challenging 

142 In 2015, average LULUCF sinks in the EU were -0.6 tCO2/person, greater than in the UK (at -0.1 tCO2/person). 
Estimates based on: the World Bank (2019) Population, total; the ONS (2018) Population estimates; the EEA (2018) 
Greenhouse gas data viewer; BEIS (2019) Final UK greenhouse gas emissions national statistics 1990-2017.  
143 Excluding its existing large land-based sink for defining both 1990 levels of emissions and percentage reductions 
from this baseline.  
144 C40 Cities is a knowledge-sharing network of 94 of the world’s largest cities, representing over 650 million 
citizens, one quarter of the global economy and 2.4 GtCO2e of emissions. These committed to take 'bold climate 
action' on mitigation, adaptation and wider sustainability, and to put in place plans to deliver their contribution to 
limiting warming to 1.5°C.  Source: https://www.c40.org/. 
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Table 4.1. Emerging net-zero commitments in other countries 

Net Zero: 
CO2 or GHGs 

Date to 
achieve 
target by 

Formality Additional information 

Net-zero targets that have been adopted 

Sweden GHGs 2045 Legislation Allows up to 15% offsetting, excludes 
aviation and shipping 

Denmark Unclear 2050 Legislation Legislated target is for a ‘low emission 
society’, strategy document specifies 
‘climate-neutral society’ 

Norway GHGs 2030 Parliamentary 
Agreement  

Allows use of international carbon units 

California Unclear 2045 Executive 
Order 

Minimal further details published 

Net-zero targets and aspirations that are not legally binding 

A number of other countries have mid-century or earlier net-zero targets and ambitions. They are 
contained in NDCs and strategy documents, but aren’t legally binding. Countries include: Ethiopia ('in 
the long term'), Costa Rica (CO2 by 2021, GHGs by 2085), Bhutan (already carbon neutral), Fiji (by 2050), 
Iceland (by 2040), the Marshall Islands (GHGs by 2050), and Portugal (by 2050). 

Source: CCC analysis. 
Notes: Costa Rica and Bhutan have large land sinks and include land use emissions in their targets. Sweden 
excludes its current land sink from its target, although additional removals can count towards the 15% offsetting. 
Norway's 2017 Climate Change Act includes a target to become a 'carbon neutral society' by 2050 (quantified as a 
80-95% reduction in GHG emissions from 1990 levels); recently the government accepted the Parliament’s 
recommendation to bring the date forward to 2030, allowing offsetting through the use of carbon units.  

4. Priorities for UK support towards increased global effort to reduce
emissions 
This section largely draws on the work of our International Advisory Group (Box 4.6). This is a 
group of independent experts from the public sector, business, academia and NGOs. It has been 
formed to support and critically evaluate the Committee's work on the international background 
to UK action. Specifically, the group's work focused on areas of priority for the UK to best support 
global effort in implementing the Paris Agreement.   

The Group's summary findings and recommendations are published alongside this report. The 
Committee agrees with the rationale for acting and areas of priority that the Group has 
identified. These are summarised in sections 4(a) and 4(b). 
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(a) Why setting an ambitious UK net-zero target matters 

Other climate leaders - countries and various non-state actors - have set or are considering net-
zero GHG targets by 2050 or before. Were the UK to pursue a later date or a weaker target it 
would undermine these discussions, most notably for the European Union, who are aiming to 
agree in 2020 a net-zero GHG target for 2050. It would also undermine broader UK climate 
leadership as it may not be seen as a credible contribution towards the Paris Agreement goals. 

This was one of the key conclusions of our advisory group: that the UK should set a more 
ambitious target than the world as a whole. This is also reflected in the evidence and conclusions 
presented in Chapter 3. 

• The world will need to reach net-zero CO2 emissions by around 2050 at the latest if the Paris 
aspiration of limiting warming to 1.5°C is to be met. Chapter 3 concluded the UK would need 
to set a target at least that ambitious to show clear consistency with the full range of the 
Paris Agreement. Our scenarios in Chapter 5 show that for the UK to reach net-zero CO2 
emissions it would need to reduce GHG emissions by over 95% compared to 1990 levels. 

• The UK's capability mean it is well-placed to reach net-zero emissions before the world as a 
whole. Equity arguments also point to the UK going further. A 100% cut in GHG emissions by 
2050 is the minimum effort required to demonstrate clear consistency with the Paris goals 
and that the UK is taking a lead as a richer developed nation with high historical emissions. 

The Committee therefore agree with the conclusions of the International Advisory Group that if 
the UK is to remain credible as an international leader on climate change it must as a minimum 
pursue net-zero GHG emissions by 2050. Setting this target will strengthen UK climate 
leadership and help encourage others to adopt ambitious targets. However, a weaker target 
could be damaging in terms of undermining attempts to increase ambition from other 
countries. 

An ambitious domestic net-zero target should be leveraged with wider actions in order to 
maximise its impacts. These would also support developing countries in shifting to sustainable 
development pathways, and contribute to developing removals markets required in the longer 
term (Chapter 3). The UK is well placed to provide further support to this global effort. 

(b) Areas of priority for UK action 

The priority for the UK should be to focus on actions that will have the largest impact in the 
transition to a low-carbon economy globally, while at the same time being consistent with the 
achievement of sustainable development goals (SDGs) and building on the areas where it has 
particular advantages. 

The timing is good for supporting the global ratcheting of effort (as shown by the timeline in 
Figure 4.1). The forthcoming UN Climate Action Summit in September, the global ratchet 
mechanism under the Paris Agreement, and the Conference of the Parties in 2020 (COP26) 
amongst others provide opportunities to influence global ambition. The UK can use these 
opportunities to encourage other leading countries to reach net-zero emissions on a similar 
timeline and to act together. 
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Figure 4.1. Timeline for global ratcheting of effort 

Source: CCC analysis. 

The areas of priority for UK action identified by the Advisory Group are summarised below 
(further details can be found in Box 4.6). The UK should: 

• Lead by example. This includes: keep cutting emissions without undermining economic
growth (this will require progress to move beyond the power sector and expand to the rest
of the economy); scrutinise public investments; shift away investments from high-carbon
infrastructure; further increase investments in low-carbon technologies and contribute to
their diffusion.

• Leverage its diplomatic and political influence, including through: leading the way on
sustainable finance; maintaining open markets, and promoting international trade that is
compatible with climate goals and investment in low-carbon solutions; mainstream climate
considerations into foreign and security policy; contribute to strengthening governance (e.g.
for biomass and removals) and broader understanding on climate change based on the best
available evidence; influencing negotiations.

• Make targeted use of climate finance to nudge developing countries onto low-carbon
development paths, by: building on past success in this area to develop projects with
transformational impacts; continuing the move to a greater relative emphasis on bilateral
projects, which maximise both impacts and visibility; playing a leadership role in the
Multilateral Development Banks; intensifying the 'excellent work so far on supply chains’ (e.g.
to halt deforestation).

• The Advisory Group also identified a positive case for contributing to the positive
development of international carbon markets. They considered that a limited use of
international carbon units by the UK may be needed as a contingency in the long term, but
should be limited to greenhouse gas removals.
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Box 4.6. The International Advisory Group's recommendations on climate leadership and signalling 

The International Advisory Group (AG) is a group of independent external experts, formed to support 
and evaluate the international aspects of the CCC’s long-term target review. The group considered 
how additional UK action could best support the global effort to implement the Paris Agreement. The 
findings and recommendations from the AG are published separately alongside this report.  

The AG unanimously recognised that the UK has been a global leader in tackling climate change to 
date, and there is a strong case for this leadership to continue. 

On the date for setting a net-zero target, AG members concluded that: 

• 'The UK should set a clear and ambitious net zero emissions target to reflect its policy
commitments and legal obligations … A net zero goal would be a powerful signal to UK and
international business helping to drive down the cost of the transition.'

• 'The UK should set an earlier date for its net zero target than the world as a whole' in view of
considerations of historic emissions, capability, leadership, and politics which are ignored by cost
optimisation models.

• 'The latest date for the UK’s net zero target which would be internationally credible and maintain
the UK’s leadership position would be 2050 … Other like-minded jurisdictions are proposing 2050
(e.g. the EU; France; California) or even earlier (Sweden)'.

• 'Setting an earlier date than 2050 would have even more impact internationally … There may be
options for credibly setting such an earlier date … A 2045 net zero GHG target could be influential
in ensuring the EU adopts the ambitious climate neutrality goal proposed by the Commission'.

Alongside setting an ambitious and timely net-zero target, the AG have identified broader options 
available to the UK to influence further global progress. These are gathered in four broad areas, in 
which the UK has successfully intervened in the past: leadership by example, leverage on its existing 
diplomatic influence, make targeted use of climate finance, and international negotiations.  

The AG also recognised that there is a strong case for the limited use of international carbon units in 
the long term. These should not be a substitute to ambitious domestic action and they will likely be 
expensive; they should be limited to negative emissions, and associated risks should be mitigated by 
setting strict standards. The AG also acknowledged that in the short term carbon markets can be a 
practical solution for industries like aviation and shipping which currently have limited technical means 
to abate their emissions. 

Notes: The members of the group were Mike Barry (Marks and Spencer), Peter Betts (independent consultant, 
Chair of the AG), Bernice Lee (Chatham House), Nick Mabey (E3G), Prof Julia Steinberger (University of Leeds) and 
Prof Jim Skea (Imperial College London). Committee Member Corinne le Quéré also joined the group meetings. 

The UK has expressed its interest in hosting the 2020 UN climate talks (COP26), which are a vital 
next step in the Paris Agreement process. Setting a bold net-zero GHG target would strengthen 
the UK's position to act as a powerful host in those talks and as an influential convener of 
increased global effort. 

(c) The role of international carbon markets 

Although the UK should aim to meet the new recommended target without use of carbon units 
(or 'credits'), it should also take positive actions to ensure that effective markets and rules for 
carbon units are developed. 

653  



 
 

 
 

   Chapter 4: Supporting increased global ambition                                                  131 

 

The UK can take steps to ensure that it can access genuinely additional carbon units in the long 
term. Some purchase of carbon units is likely to be supportive of required global actions under 
the Paris Agreement and could help meet UK targets cost-effectively. 

• It should be possible to access genuinely additional carbon units. The international 
transfer of mitigation outcomes is foreseen under the Paris Agreement (Article 6.4). Article 
6.2 also allows for bilateral arrangements between countries, which would allow the UK to 
set its own criteria for effective carbon units if Article 6.4 is not satisfactorily negotiated.  

• Some carbon units could support required global action. The scenarios we set out in 
Chapter 3 involve a large amount of expensive effort (e.g. CCS and removals) in developing 
and middle-income countries. These are likely to need an ongoing income stream, which 
carbon markets and transfers of carbon units could provide.  

• Some use of carbon units could prove cost-effective. Our recommended UK target goes 
beyond the required global effort. That opens the possibility that even if the UK does a little 
less and buys carbon units from elsewhere it would still be doing at least as much as the 
world overall. Our scenarios in Chapter 5 also involve a significant amount of emissions 
removals, some of which may be cheaper to deploy in other parts of the world (e.g. where 
there is more land, solar or biomass resource).  

Any use of international carbon units for target compliance should be conditional on their 
integrity and robustness:  

• The UK should set out clear principles to ensure these reflect an amount of emissions 
abatement that is at least equivalent to what would have been otherwise achieved through 
domestic effort.  

• They should support genuine and permanent emissions reductions or removals, and ensure 
these are compatible with environmental and sustainable development objectives. General 
principles for the integrity of international carbon unit purchases are set out in Box 4.7.  

In the shorter term, the UK should support the development and improvement of international 
markets for the purchase of carbon units. This would develop the option to use these in the 
future if needed. Even if carbon units are not needed to meet UK goals, some purchase could be 
valuable as part of the UK's broader collaboration (e.g. some UK climate finance is already 
directed through carbon credit markets, with the units then written off). 

The UK is well placed to support development of effective carbon units markets in various ways:  

• Rule setting in the context of the UNFCCC. The UK has already been influential in 
negotiations on Article 6 and the Carbon Offsetting and Reduction Scheme for International 
Aviation (CORSIA).  

‒ For instance, the recently approved criteria for eligible carbon units in CORSIA include 
rules on 'additionality' and 'no double counting' which were strongly advocated by the 
UK. 

‒ The UK can influence decisions on the centralised mechanism under Article 6.4 of the 
Paris Agreement (Box 4.1). It can also set stricter rules through bilateral agreements 
under the decentralised mechanisms of Article 6.2. 

• In-country capacity building. At the practical level, carbon markets require skills and know-
how (e.g. for MRV and validation). Countries involved in markets will need to build these 
domestically. The UK should keep providing its support. This can be done through 
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international mechanisms such as the Partnership for Market Readiness (PMR) and bilateral 
partnerships. 

• Directly support improvements in systems design, including through pilot projects. The 
UK already does so through existing platforms. The Transformative Carbon Assets Facility 
(TCAF) is an example of this. 

• Selling carbon units, for example by developing a domestic market for GHG removals. 

In the short term international carbon units can be valuable outside of compliance markets as a 
tool to mobilise finance. This is particularly relevant to encourage ambition in middle-income 
countries on options such as carbon capture and storage (CCS) and GHG removals.  

• These do not have the clear short-term benefits of other low-carbon options (e.g. renewables 
and electric vehicles) in cutting costs and improving air quality.   

• Middle-income countries would not benefit from climate finance and broader climate 
development support which are rather directed to developing countries. 

We therefore recommend that although the UK should aim to meet the recommended net-zero 
target in 2050 without use of carbon units if possible, it should also take positive actions to 
ensure that effective markets and rules for carbon units are developed. 

We continue to consider the trading in emissions allowances under the EU ETS (and potential 
links to other emissions trading systems) as separate from the wider use of international carbon 
units for compliance referred to in this section. The emissions trading system should maintain its 
current role, as a tool for cost-efficient abatement which also minimises competitiveness 
impacts on industry (Chapters 6 and 7).  
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Box 4.7. Criteria for robust carbon units purchase 

Our recommendation that the UK should establish clear principles and rules to identify robust carbon 
unit purchases and maximise their integrity reflects their importance:  

• Clear and effective principles and rules will be required for any use of international units (or 
‘credits’) to qualify for target compliance. The Climate Change Act requires the Committee to 
advise on whether carbon units from particular schemes can be used towards targets in the Act. 

• By setting a benchmark, these principles and rules could also positively contribute to the wider 
development of international markets for carbon units.   

• Principles should draw upon 'lessons learned' from past experience and as much as possible avoid 
the shortcomings which affected the CDM and other existing schemes.  

Drawing upon our stakeholder consultations and a targeted literature review, we identified the 
following broad principles: 

• Equivalence. Any international carbon unit should have a clear long-term climate benefit, at least 
as large as the effect of a unit of CO2 removal in the UK.  

• Additionality. The activities generating carbon units should drive genuinely additional emissions 
reductions (i.e. that would not have happened in the absence of such activity).   

• Permanence. The activities generating carbon units should lead to permanent reduction or 
removal of GHGs from the atmosphere. 

• Sustainability. The activities generating carbon units need to support wider sustainability 
objectives: 

‒ They should do no-net harm as a minimum, preserve and enhance environmental 
integrity, be compatible with sustainable development goals and not disadvantage local 
communities.  

‒ They should ideally deliver environmental and social co-benefits (e.g. ecosystem services, 
support to local economic development).  

‒ As such, they should ensure land and biomass are used sustainably. 

In order to be implemented, criteria will require a robust and transparent governance framework, 
addressing accounting and measurement issues, as well as monitoring and verification: 

• Article 6.2 states that Parties shall 'apply … robust accounting'. Governance should ensure robust 
measurement and accounting of emissions as well as of other impacts the activities generate.  

‒ This includes a rigorous calculation of emissions savings and the clear assignment of 
ownership rights for carbon units.  

‒ Crucially, accounting rules will need to ensure emissions savings are not double-counted.  

‒ Accounting rules should also consider differences in NDCs (e.g. whether these are with or 
without an economy-wide cap, or expressed in non-GHG metrics) and deal for example 
with trade of units across multiple years (i.e. different vintages).  

• The governance system should be transparent and should ensure robust monitoring and 
verification through independent auditing. 

Some possible practical approaches to implement these principles are described below. 

• Having a list of eligible projects. Limiting the purchase of units to certain types of activities can 
help mitigate specific risks, for example: 
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Box 4.7. Criteria for robust carbon units purchase 

‒ Limiting the purchase of carbon units to engineered greenhouse gas removals (GGRs) 
could help achieve 'equivalence'. A (low-carbon) removal elsewhere would have a long-
term climate benefit at least as large as the effect of a unit of CO2 removal in the UK. For 
engineered approaches like direct air capture, which are inherently scalable and not 
restricted by availability of land, this would not reduce the capacity of the host country to 
reduce its own emissions. 

‒ Excluding certain types of projects such as large hydropower or wind projects can mitigate 
the risk of not delivering 'additional' reductions. Some certification standards (e.g. the 
Verified Carbon Standard) and countries (e.g. Norway) are already doing so. 

• Select partnerships can help setting high quality standards. For example, this can be done on the
basis of:

‒ Level of ambition. Purchasing within the scope of a country’s NDC (i.e. only covered 
activities/sectors) and from countries with ambitious NDCs can help ensure the quality and 
additionality of carbon units (note that outside of NDCs, carbon units could still be used as 
a tool to mobilise finance). 

‒ Bilateral partnership. These can help ensure the agreement of clear and robust criteria 
between exchanging parties, such as to avoid double counting. For example, the KliK 
Foundation in Switzerland (which fulfils an obligation to reduce emissions on behalf of the 
Swiss motor fuel importers) restricts funding to activities in countries that have a bilateral 
treaty with Switzerland ensuring that specific quality requirements on emission units are 
met.  

• Similarly, setting clear and detailed rules for selecting carbon units can also help ensure higher
standards. It is hard to identify now what the right rules would be in the long-term.

‒ There are however examples of this sort of approach, such as the German Federal 
Government's initiative to offset travel emissions from its staff through the purchase of 
CDM emission units. This sets out detailed criteria for the selection of activities eligible for 
funding and evaluation of quality of project bids (e.g. based on contribution to sustainable 
development objectives).  

‒ Rules could encourage activities with the largest transformative potential. 

‒ A technical body could be tasked with either setting or interpreting the rules (e.g. CORSIA's 
Technical Advisory Body), however its independence would need to be ensured. 

The negotiations on Article 6 present an opportunity for the international community to set up a 
robust and credible centralised market mechanism. However, depending on the outcome of the 
negotiations the UK may need to set up more ambitious rules and implement these through bilateral 
agreements (under the Paris Agreement Article 6.2). The international guidance under UNFCCC may 
not be detailed enough to guarantee robust principles are effectively implemented.   

These criteria are only a starting point and cannot be fully defined at this stage given the Paris 
Agreement mechanisms are not yet fully defined. They can be developed further as the development 
of Article 6 becomes clearer. 

Source: German Federal Government (2018) Purchase of Certified Emission Reductions (CERs) from the Clean 
Development Mechanism (CDM) for greenhouse gas offsetting of business trips of the German Federal Government; 
The KliK Foundation: https://www.international.klik.ch/en/Home.182.html 
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Introduction and key messages 
In this chapter we assess whether it would be technically feasible to reduce UK greenhouse gas 
(GHG) emissions to net-zero if there were a well-designed policy framework in place to deliver it. 
We conclude that it is technically feasible by 2050 but highly challenging. 

We address the practical delivery challenges that a net-zero GHG target for 2050 could pose in 
Chapter 6, and the costs and benefits of meeting it in Chapter 7. 

Our key messages in this chapter are: 

• The foundations are in place. The UK has already set carbon budgets and begun to develop
policies on the path to an 80% reduction in GHG emissions by 2050. This chapter identifies a
set of Core measures that would broadly deliver that target, have relatively low costs and
delivery barriers, and that Government policy has begun to address. These include: energy
efficiency, the shift to low-carbon power, roll-out of electric vehicles and some low-carbon
heating, some use of carbon capture usage and storage (CCUS) and electrification in
industry, tree planting and on-farm measures, diversion of waste from landfill and phasing
out of fluorinated gases.

• To reach net-zero GHG emissions would require all these measures and much more.

‒ Our Further Ambition scenario reaches a 96% GHG reduction by 2050 compared to 1990
levels. A significant low-carbon hydrogen economy will be needed to help tackle the 
challenges of industry, peak power, peak heating, heavy goods vehicles, and shipping 
emissions. CCS will have a larger role, including in industry and at scale in combination 
with biomass. Major changes are needed to how we use and farm our land. 

‒ Some currently Speculative options would also be needed to get to a 100% reduction 
(i.e. to net-zero GHG emissions). Options include: further changes in demand (e.g. in 
aviation and diets) alongside more radical shifts in land use; extensive use of emerging 
technologies to remove CO2 from the atmosphere and safely store it (e.g. 'direct air 
capture'); or successful development of a major supply of carbon-neutral synthetic fuels 
(e.g. produced from algae or renewable power). 

• Delivering net-zero GHGs by 2050 is technically feasible but highly challenging. In
assessing whether reaching net-zero GHG emissions is feasible we also consider realistic
timeframes for the transition. Achieving net-zero emissions domestically prior to 2050 does
not currently appear credible for the UK as a whole.

• Wales has less opportunity for CO2 storage and relatively high agricultural emissions that are
hard to reduce. On current understanding it could not credibly reach net-zero GHGs by 2050.

• Scotland has proportionately greater potential for emissions removal than the UK overall
and can credibly go further, to reach net-zero GHG emissions before 2050.

It is impossible to predict the exact mix of technologies and behaviours that will best meet the 
challenge of reaching net-zero GHG emissions. The analysis in this chapter is not intended to 
predict or prescribe the future technology mix, but it gives an understanding of what a sensible 
mix might look like and allows us to assess the potential challenges and costs in delivering it.  

The analysis draws on extensive new research commissioned for this project, along with 
previous Committee analysis including our recent reports on Biomass, Land Use, and Hydrogen, 
as well as a review of the wider literature. 
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We set out the analysis that underpins our key messages in the following five sections: 

1. The scale of the challenge
2. Options for deep decarbonisation in the UK
3. Getting to net-zero UK GHG emissions
4. Feasible timing for the net-zero transition
5. Implications for Scotland, Wales, and Northern Ireland

1. The scale of the challenge
UK emissions in 2017 were 503 MtCO2e, including emissions from international aviation and 
shipping. This is 39% below 1990 levels, around halfway towards the currently legislated 2050 
target of at least an 80% reduction in GHG emissions compared to 1990 levels (Figure 5.1). 

Since 1990, GHG emissions have fallen at an average rate of 12 MtCO2e per year. Continuing this 
rate of reduction would meet the 80% target for 2050. However, current policies will not be 
sufficient to deliver this (see Chapter 6). In addition, an increase in the speed of emissions 
reduction (e.g. to around 15 Mt per year) would be needed to reduce GHG emissions to net-zero 
by 2050.  

Figure 5.1. The scale of the emissions reduction challenge for the existing 80% 2050 target 

Source: BEIS (2019) 2017 Greenhouse Gas Emissions, Final Figures; CCC analysis. 
Notes: IAS stands for international aviation and shipping. Figure based on the current emissions inventory and 
does not reflect forthcoming revisions to peatland emissions or global warming potentials (see Box 5.1). 

We are already meeting some of our energy and economic needs with low-carbon technologies. 
Half of UK electricity generation in 2017 was from low-carbon sources, including renewables and 
nuclear. This low-carbon electricity generation helps lower emissions in other sectors where 
electricity is consumed (e.g. in buildings and industry). 

In other sectors very little economic activity is currently met with low emissions: 
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• Surface transport. Less than 0.5% of kilometres driven are by low-carbon vehicles (e.g. 
electric or plug-in hybrid cars); biofuels have around a 2% share. 

• Heating. Less than 5% of energy used for heating homes and buildings comes from low-
carbon sources. 

• Industry. Less than 5% of industrial energy demand is met by low-carbon sources. 

• Aviation. There are no commercially available low-carbon planes, so all flights currently rely 
on fossil fuels. 

Revisions to the UK emissions inventory are expected in the next five years, reflecting an 
improved understanding of how to measure emissions (e.g. to take into account emissions 
released from peatland). These will increase estimated emissions, both for the present day and 
back to 1990 (Box 5.1). We take these expected changes into account in our analysis for reaching 
net-zero emissions. 
 

Box 5.1. Future changes in accounting for the emissions inventory 

Future changes to the emissions inventory include the addition of emissions from peatland and 
revision of the Global Warming Potentials (GWPs) used to aggregate greenhouse gas emissions: 

• Peatland. The current inventory only captures about 1.3 MtCO2e of emissions from peatlands, but 
all sources of peatland emissions will be included in the inventory from 2020. Work by the Centre 
for Ecology & Hydrology (CEH) for the BEIS Wetland Supplement project,145 which will be used as 
the basis for the emissions inventory, estimates net annual emissions from all peatland sources of 
18.5-23 MtCO₂e in 2017 and a similar amount in 1990. 

• GWPs. These are used to aggregate different greenhouse gases together into a common metric, 
showing their equivalence to carbon dioxide. At COP24 in December 2018 the international 
community decided to standardise reporting under the Paris Agreement transparency framework 
using the GWP100 metric. The values to be used are those from the IPCC 5th Assessment Report 
(AR5). There are two methodologies, and it is not yet clear which will be used. Both are different 
from the AR4 values used in the current emissions inventory. The decision requires national 
inventories to use updated GWP values by the end of 2024. The impact of this change will be to 
increase UK emissions (excluding peatland) by around 10-50 MtCO2e in 1990 and 5-20 Mt for 2017, 
largely from sectors which have significant methane emissions (i.e. agriculture and land use). 

In this report we reflect both forthcoming changes in our analysis. We include the higher peatland 
estimates for both 1990 and 2050. We use the AR4 GWP values but illustrate sensitivities to the range 
of higher values from AR5. The range for the total impact of the peatland and GWP changes is around 
an additional 25-70 MtCO2e in 1990 and 10-35 Mt in 2017 compared to the current inventory. 

 
 

As we set out in our annual Progress Report to Parliament in 2018, reductions in GHG emissions 
seen so far have largely been in the power, waste, and industry sectors. Emissions in other 
sectors (e.g. transport) have not shown significant reductions or have increased (Figure 5.2): 

                                                           
145 Evans et al. (2019) Implementation of an Emissions Inventory for UK Peatlands. 
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• Power. Emissions from electricity generation have fallen by 50% since 2013 and 64% since
1990. The very large recent reduction reflects a decrease in coal use for electricity generation,
as electricity demand has fallen and the supply from renewables has increased.

• Waste. Emissions from waste have fallen by 69% since 1990, due to the UK’s landfill tax,
which has reduced the amount of biodegradable waste going to landfill, and due to an
increase in methane captured at landfill sites.

• Buildings. Emissions from buildings have fallen by 13% since 2013 and are around 20%
below 1990 levels. There has been low uptake of energy efficiency measures, and limited
deployment of low-carbon heating options (e.g. heat pumps).

• Transport. Emissions from transport have increased by 6% since 2013 and are now 4%
higher than in 1990. Although vehicles have become more fuel efficient, this has been offset
by increasing travel demand.

We will include a wider assessment of the change in emissions in 2018 in our next annual 
Progress Report to Parliament, in July 2019. 

Figure 5.2. Progress reducing UK emissions (1990-2017) 

Source: BEIS (2019) 2017 Greenhouse Gas Emissions, Final Figures. 
Notes: 2017 is the latest year for which final data is available. Figure based on the current emissions inventory 
and does not reflect forthcoming revisions to peatland emissions or global warming potentials (see Box 5.1). 
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2. Options for deep decarbonisation in the UK 
There is a range of technologies and behaviour changes that can help reduce emissions. In this 
section we summarise the options to reduce emissions from current levels. We split these into 
‘Core’, ‘Further Ambition’, and ‘Speculative’ options:  

• Core options are those low-cost low-regret options that make sense under most strategies 
to meet the current 80% 2050 target. They also broadly reflect the Government’s current 
level of ambition (but not necessarily policy commitment or action).  

• Further Ambition options are more challenging and on current estimates are generally 
more expensive than the Core options.  

• Speculative options currently have very low levels of technology readiness, very high costs, 
or significant barriers to public acceptability. It is very unlikely they would all become 
available. Some of these options would be required alongside the Core and Further Ambition 
options to reach net-zero GHG emissions by 2050.  

These sets of options are discussed in sections (b)-(d), following an explanation of our approach. 

(a) Approach to identifying options to reduce emissions 

In identifying options for reducing emissions we have considered: 

• Feasibility. This includes the barriers to deploying different options (including non-financial 
barriers such as public acceptability), and also the timings over which changes can be made 
(e.g. how long assets last, how quickly they can therefore be replaced, and whether it is 
possible to build up supply chains sufficiently to deliver the options). 

• Costs. Our scenarios take into account the relative cost-effectiveness of different ways to 
reduce emissions. Higher overall levels of ambition require more expensive and harder to 
implement options. We cover the costs and benefits of our scenarios in detail in Chapter 7. 

• The wider criteria in the Climate Change Act. These include impacts on affordability for 
consumers, energy security and competitiveness, as well as wider economic benefits. We 
cover these for the scenarios in aggregate alongside the costs and benefits in Chapter 7. 

• Existing policies. Our scenarios are consistent with actions and policies to which the 
Government is already committed to. Additional new policies will be required to meet an 
80% or net-zero 2050 target. 

• Advice from our expert advisory group. We appointed an expert group of academics and 
practitioners to advise us on our approach to constructing scenarios and the judgements 
involved. Their advice is summarised in Chapter 6, on delivery of a net-zero target. 

Further detail on the options to reduce emissions are set out in the accompanying report Net 
Zero - Technical report. 

(b) Core options that are likely to be required under any climate strategy 

The Core options include lower-cost energy efficiency and extensive decarbonisation of the 
power and transport sectors. 

• Buildings. The Core scenario reflects an improvement in energy efficiency and an increasing 
uptake of low-carbon heating. Current Government aspirations and commitments (e.g. to 
make as many homes as possible EPC band C by 2035, and to stop the installation of gas 
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heating in new homes from 2025), whilst in need of strengthening and extending, target the 
decarbonisation of homes across the actions in the Core scenario. 

• Industry. The Core scenario broadly reflects a range of Government policies to decarbonise 
industry through improved energy efficiency and low-carbon technologies. These include 
the Industrial Clusters Mission (which aims to establish the world’s first net-zero carbon 
industrial cluster by 2040), the ambition to improve business energy efficiency by at least 
20% by 2030, and the CCUS Action Plan.  

• Power. The Core scenario reflects a continuation and expansion of current commitments to 
contract low-carbon power and to deliver on the Government's CCUS Action Plan. 

• Transport. The Core scenario reflects the Government's current commitment to phase-out 
sales of conventional petrol and diesel cars and vans by 2040. 

• Aviation and shipping. Aviation emissions in the Core scenario are aligned with the 
Government's objective to keep 2050 emissions at or below 2005 levels (i.e. 37.5 MtCO2). 
Shipping emissions are consistent with the internationally agreed target, which is to reduce 
global international shipping emissions by at least 50% below 2008 levels by 2050. 

• Agriculture and land use. The Core scenario is based on the measures identified in our fifth 
carbon budget advice, but with lower take-up to reflect the lack of firm policy commitment 
in this area. It includes some emissions reduction from livestock, soils, and waste manure 
management. It is also aligned to current government and devolved administration ambition 
on afforestation, for an additional 27,000 hectares per year from 2025. 

• Waste. Many of the Core opportunities are already included in government and devolved 
administration plans. The Core scenario includes stopping sending five key biodegradable 
waste streams to landfill by 2030 or earlier. It also reflects an increase in recycling rates in line 
with current ambition in England and the devolved administrations (e.g. from around 45% in 
England, Scotland and Northern Ireland and over 60% in Wales today, to 65% in England by 
2035 and 70% in Scotland and Wales by 2025).  

• F-gases. The Core scenario reflects the current policy agreed by EU member states to reduce 
F-gas emissions by two-thirds by 2030 compared to 2014 levels. 

• Greenhouse gas removals (GGRs). The Government have committed to developing a 
strategic approach to GGRs. In the Core scenario, there is an increase compared to today in 
the use of wood as a construction material, together with inclusion of bioenergy with carbon 
capture and storage (BECCS) at the bottom end of the 20-65 Mt range identified in our 2018 
report on Biomass in a low-carbon economy. 

The Core options we have identified would cut emissions by over 300 MtCO2e from 2017 levels, 
to 193 MtCO2e in 2050 (Figure 5.3). This is 77% below 1990 levels. Remaining emissions would 
largely be from industry, agriculture, aviation, heavy transport and heating of buildings. Around 
70% of the remaining emissions would be from CO2 sources. 
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Figure 5.3. 2050 GHG emissions in the Core scenario compared to 1990 and 2017 

Source: BEIS (2019) 2017 Greenhouse Gas Emissions, Final Figures; CCC analysis. 
Notes: Dotted line shows net emissions in 2050, taking into account negative emissions. Figure includes high 
estimate of additional peatland emissions and is based on the current inventory GWPs (see Box 5.1). 

(c) Further Ambition options that will be needed to go beyond an 80% reduction 

Given the higher levels of ambition considered in this report, we have undertaken new research 
on the areas where it is most challenging to reduce emissions. These, along with other recent 
evidence and the Committee's 2018 reports on hydrogen, biomass and land use inform the 
options we consider for Further Ambition. 

We have identified new potential for deep emissions reductions and opportunities to go further 
including on electricity generation, GGRs, industry, buildings, agriculture, transport, and aviation 
(Box 5.2). 

We first set out our findings for those sectors able to reduce emissions close to zero, then for 
harder-to-treat sectors, followed by options for removing CO2 from the atmosphere and finally a 
summary of the effect of deploying all the options together. 
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Box 5.2. New CCC research on opportunities for very deep emissions reductions (and removals) 

• Electricity generation. We commissioned a project to examine the potential for accelerating the
rate of electrification, in line with earlier uptake of electric vehicles and heat pumps. The project
involved detailed modelling of the network implications and system functionality. It also reviewed
evidence on the long-term deployment limits for low-carbon technologies like offshore wind.

• Greenhouse gas removals (GGR). We have used new evidence on the potential for, and costs of,
GGR, with greater consideration than previously of direct air capture of CO2 with CCS (DACCS),
enhanced weathering, and biochar. These are in addition to BECCS and wood in construction
considered in the Committee’s 2018 report Biomass in a low-carbon economy. We have worked with
the UK Energy Research Centre on their review of the evidence on costs and potential of BECCS
and DACCS, as well as reviewing the literature and state of knowledge on the potential for
enhanced weathering, biochar and deploying DACCS at scale in the UK.

• Industry. We have extended our analysis to look at potential for reducing emissions in a wider
range of industry sub-sectors compared to our previous scenarios. We have also undertaken new
analysis on the potential for emission savings from resource efficiency. We have commissioned
new work on reducing emissions from fossil fuel production (e.g. offshore oil and gas), and through
industrial fuel switching.

• Buildings. We commissioned new analysis to understand the challenges of reducing emissions in
homes which are expected to be among the hardest to decarbonise (e.g. heritage buildings).

• Agriculture. We commissioned new research to identify additional non-CO2 emissions reduction in
agriculture, focusing on a range of measures to reduce non-CO2 emissions from livestock.

• Transport. We commissioned research to develop cost estimates for the refuelling infrastructure
likely to be required by zero-emission heavy goods vehicles (HGVs) for three potential technology
options: hydrogen HGVs; electric HGVs accompanied by on-road catenaries to recharge the
vehicles as they drive; and electric HGVs accompanied by extremely fast high-powered charging
infrastructure.

• Aviation. Jointly with the Department for Transport, we commissioned a project assessing
potential to reduce aviation emissions through new engine and aircraft designs, changes to
airlines’ operations, and improvements to air traffic management.

• Societal change. We have worked with an expert on social and behavioural change to review the
evidence for shifts in consumption patterns and use of technologies, and the potential implications
for how these can be unlocked through policy interventions.

(i) Reducing emissions from electricity, heating, surface transport, industry, waste, F-gases, 
and shipping to very low levels 

Reinforcing our previous analysis, we have identified potential to reduce emissions from 
electricity generation, heating in buildings, surface transport, industry, waste, F-gases, and 
shipping to very low levels by 2050: 

• Electricity generation. The Further Ambition options we consider for electricity generation
result in emissions of 3 MtCO2e in 2050, which are residual emissions from CCS facilities
operating as part of a fully decarbonised electricity supply. Fully decarbonising electricity
supply can be achieved through increasing the share of renewables and firm low-carbon
power from around 50% today to around 95% in 2050, whilst meeting additional demand for
electricity from electric vehicles and heat pumps. Decarbonised gas – via CCS and hydrogen
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– will be required for the remaining 5%. Renewable generation could be four times today’s
levels, requiring a sustained and increased build out between now and 2050, complemented 
by firm low-carbon power options such as nuclear power and CCS (applied to biomass or 
gas-fired plants). Overall, these changes could be made at an average abatement cost of 
around £20/tCO2e in 2050. 

• Heating in buildings. Deploying the Further Ambition options for heating buildings would
result in emissions of 4 MtCO2e in 2050. This requires roll-out of technologies such as heat
pumps, hybrid heat pumps and district heating in conjunction with hydrogen, and new
smart storage heating, combined with high levels of energy efficiency. New homes should
not be connected to the gas grid from 2025. By 2035 almost all replacement heating systems
for existing homes must be low-carbon or ready for hydrogen, such that the share of low-
carbon heating increases from 4.5% today to 90% in 2050. These changes could be made at
an average cost of around £140/tCO2e. Remaining emissions in 2050 largely come from a
small proportion of homes which could be very expensive to treat (e.g. due to space
constraints and the costs of the heating systems they require).

• Surface transport. The Further Ambition options we have identified for reducing emissions
in surface transport lead to emissions of 2 MtCO2e in 2050. This will need all cars and vans to
be electric by 2050, and for the vast majority of HGVs to be either electric or hydrogen
powered. These changes are likely to be cost saving overall. Remaining emissions in 2050 are
largely from a small level of conventionally powered HGVs and rail freight.

‒ Getting all cars and vans to be electric by 2050 will require all sales to be pure battery
electric by 2035 at the latest. These are likely to be significantly cost-saving compared to 
conventional vehicles. It would require 3,500 rapid and ultra-rapid chargers near 
motorways to enable long journeys and 210,000 public chargers in towns and cities. 
Today in total there are 21,000 public chargers of all speeds. 

‒ HGVs are harder to decarbonise. Our new research suggests that it is possible to get to 
very-low emissions by 2050 by switching most of these vehicles to hydrogen power or 
electrification. A hydrogen-based switchover would require 800 refuelling stations to be 
built by 2050 and electrification would need 90,000 depot-based chargers for overnight 
charging. 

• Industry. We have undertaken a fuller analysis of emissions reduction potential in the 
industry sector (Box 5.3). We previously classed this as a 'hard-to-treat' sector, but have 
identified potential to reduce emissions to low levels. The Further Ambition options for 
industry would lead to emissions of 10 MtCO2e in 2050, at an average abatement cost of 
around £120/tCO2e. This is achievable through a combination of wider deployment of CCS, 
hydrogen, and electrification. There is also potential for additional savings through resource 
efficiency. The remaining emissions in the Further Ambition scenario mostly come from 
smaller non-combustion processes and uncaptured emissions where CCS is deployed.

• Waste. We have identified some limited opportunities to go beyond the Core options in the
waste sector. The Further Ambition options involve additional emissions reduction from
treatment of waste water, and by 2025 stopping sending biodegradable waste to landfill and
increasing recycling rates to 70% across the UK. These result in waste emissions of 7 MtCO2e
in 2050. Some remaining emissions in 2050 are likely to be unavoidable from continuing
waste degradation at legacy landfill sites.
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• F-gases. The Further Ambition options include additional emissions reduction from a 
transition to lower-emission medical inhalers and tighter standards in the refrigeration, air 
conditioning and heat pump sector (e.g. through a switch to low-GWP refrigerants and 
measures to reduce leakage). These changes could be marginally cost saving but are of small 
size. Overall, this leads to F-gas emissions of around 2 MtCO2e in 2050. 

• Shipping. The Further Ambition options in shipping are the same as the Core scenario (i.e. 
improved energy efficiency and ship operations, and use of alternative fuels). However, they 
are deployed significantly further and faster. This leads to shipping emissions of less than 1 
MtCO2e in 2050. It could be achieved at a cost of around £200/tCO2e, although it would 
require a globally coordinated transition to support a new fuelling infrastructure. 

Our Further Ambition measures would not reduce emissions completely to zero in any of these 
areas. However, if they were applied none of these sectors would remain as a significant source 
of emissions. Across these sectors emissions would be reduced from 430 MtCO2e today (having 
been around 745 MtCO2e in 1990) to 29 MtCO2e in 2050. 
 

Box 5.3. New evidence on potential to reduce emissions from industry 

The Further Ambition scenario for industry would lead to remaining emissions of 10 MtCO2e in 2050. 
This compares to remaining industry emissions of 45 MtCO2e in 2050 in the most ambitious scenario 
we considered in our fifth carbon budget advice, which was aligned to the UK's current target for at 
least an 80% reduction in GHG emissions by 2050 relative to 1990. This reflects the increased ambition 
of the potential target and an updated evidence base. 

The improved evidence base has drawn on work including: 

• The Committee's 2018 Hydrogen and Biomass reviews. 

• A 2018 study on fuel switching by Element Energy and Jacobs for BEIS. 

• Reviews of the evidence on the abatement potential of resource efficiency, along with the 
potential to reduce emissions from off-road mobile machinery and smaller non-combustion 
process emissions sources. 

• New work we commissioned from Element Energy and the Sustainable Gas Institute in two parts. 

‒ New research on the costs and abatement potential for measures to cut emissions from 
fossil fuel production and fugitive emissions. 

‒ An extension to the 2018 Element Energy and Jacobs fuel-switching study to consider the 
potential of low-carbon fuels to abate some industrial combustion emissions that the 
previous study had not considered. 

In combination, these studies have improved the coverage of our evidence base. In particular, by 
increasing our understanding of the opportunities for abatement from smaller industrial sectors, fossil 
fuel production and fugitive emissions, and of the use of hydrogen. 

Based on this improved evidence, our Further Ambition scenario for 2050 includes abatement from: 

• CCS in sectors with non-combustion process emissions (cement, lime, ammonia and glass) and 
sectors which use 'internal' fuels produced by their feedstock (the iron, petrochemicals, refining 
and oil and gas production sectors). This represents around 24 MtCO2e of abatement in 2050. 

• Widespread deployment of hydrogen, electrification or bioenergy for stationary industrial 
heat/combustion in those manufacturing sectors not treated with CCS as identified above and for 
off-road mobile machinery. This represents around 27 MtCO2e of abatement in 2050. 
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Box 5.3. New evidence on potential to reduce emissions from industry 

• Improvements in resource and energy efficiency, along with material substitution, representing 14
MtCO2e of abatement in 2050. If these measures were not delivered the emissions could largely be
reduced by other means, but at considerably higher cost.

• Reduced methane venting and leakage through gas recovery, reduced emissions completions,
continuous monitoring, flaring where needed and conversion/closure of parts of the gas grid. This
represents around 4 MtCO2e of abatement in 2050.

We estimate that the annual cost for cutting industrial emissions to 10 MtCO2e using the measures 
above would be £8 billion in 2050, compared to a theoretical scenario with no climate change policy 
action at all. This is a challenging scenario that requires a fast pace of deployment of low-carbon 
technology in comparison to the natural turnover rate of industrial assets. However, it is supported by 
recent work by the Energy Transitions Commission which found it is technically and economically 
feasible to achieve net-zero emissions in heavy industry by mid-century.  

Sources: Element Energy and Jacobs (2018) Industrial fuel switching market engagement study; Element Energy 
(2019) Assessment of options to reduce emissions from fossil fuel production and fugitive emissions; Element Energy 
(2019) Extension to fuel switching engagement study. 

(ii) Reducing emissions from hard-to-treat sectors – agriculture and aviation 

Agriculture and aviation stand out in our analysis as sectors where there are limited options 
currently available to reduce emissions. For agriculture that reflects some of the fundamental 
biological processes involved. For aviation it reflects the high energy-density required for 
aviation fuel.  

We have identified some potential to reduce emissions from agriculture and aviation further 
beyond the Core scenario, but these sectors are likely still to be significant emitters in 2050.  

• Agriculture, land use, and forestry. Deploying the Further Ambition options for
agriculture, land use and forestry would lead to emissions of 24 MtCO2e in 2050. Of these 26
Mt are from agriculture, while land use and forestry is a sink of 2 MtCO2e.

‒ Agriculture. We have identified potential for more ambitious uptake of the measures
included in the Core scenario. We have also included additional potential from on-farm 
measures targeting livestock emissions (e.g. improved breeding and diets). It is difficult to 
reduce agriculture emissions to near-zero given the inherent biological processes and 
chemical reactions arising from crops, soils and livestock. Most remaining emissions are 
non-CO2, particularly methane. 

‒ Land use and forestry. Our Further Ambition options for land use and forestry are based 
on our land use report published in 2018,146 aligning to the multi-functional land use 
scenario. This includes a 20% reduction in consumption of beef, lamb, and dairy which is 
replaced by an increase in consumption of pork, poultry, and plant-based products. In 
combination with an improvement in arable yields and grazing intensity this would 
release land for increased afforestation (e.g. of 30,000 hectares per year), peatland 
restoration (e.g. to 55% of land area restored compared to 25% today), and the growing 
of energy crops (e.g. to 700,000 hectares by 2050 from very low levels today). Emissions 

146 CCC (2018) Land use: Reducing emissions and preparing for climate change. 
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from land use also include those from the cultivation of biomass used for GHG removal 
(see below). 

• Aviation. We have identified technical potential for additional emissions reduction beyond 
the Core scenario, including through more ambitious uptake of the Core options plus some 
use of hybrid-electric aircraft from the 2040s, and from reductions in design speeds of 
aircraft. However, the Further Ambition options for aviation would still result in emissions of 
31 MtCO2e in 2050. This is because a fully zero-carbon plane is not anticipated to be available 
by 2050, particularly for long-haul flights which account for the majority of emissions. 

In total these harder-to-treat sectors would still have emissions of 55 MtCO2e in 2050 in this 
scenario, down from around 75 Mt in both 1990 and 2017. 

(iii) Removal of CO2 from the atmosphere 

Greenhouse gas removal (GGR) is a term that covers a range of options to remove greenhouse 
gases – primarily CO2 – from the atmosphere. Our advice in this area draws on our updated 
assessment of the role of sustainable biomass published in our 2018 report Biomass in a low-
carbon economy (Box 5.4). Our Further Ambition scenario includes established natural ways of 
removing CO2 and less-established options: 

• Established ‘land-based’ removals. Afforestation and other land-management practices 
(e.g. peatland restoration) are well-established ways of using land in a way that achieves an 
overall absorption of CO2 from the atmosphere which then remains in the land over the long-
term. Afforestation of around 30,000 hectares per year (increasing woodland cover from the 
current 13% of UK land area to 17%), combined with an increase in active woodland 
management, increases the net forestry sink to 22 MtCO2e per year by 2050. We account for 
these removals in the Land Use sector (i.e. without them land use would be a significant 
emissions source rather than a small sink). 

• Wood in construction. Wood-based products and timber frame construction has an 
established history in the UK. It provides a store of carbon on the timescale of decades to 
centuries in the built environment. Its potential emissions saving is relatively small at 1 
MtCO2 of removals in 2050, as it is limited by the rate at which buildings are constructed. The 
Further Ambition option assumes that 40% of houses and flats are built with a timber frame 
(up from under 30% today). The costs of using wood as a construction material are 
essentially negligible as approximate cost-parity exists with alternative construction 
methods. 

• BECCS. The level to which sustainable low-carbon biomass production can be increased is 
finite, given land constraints and competition from other uses (e.g. food production). It is 
therefore important to pursue ways of using this finite resource that maximise its 
contribution to emissions reduction. This means combining bioenergy with CCS, whether for 
power generation, hydrogen production or production of biofuels for areas that cannot 
move away from hydrocarbon fuels (e.g. aviation). Bioenergy is already used in the energy 
system, while CCS has been proven in a number of other countries. However, to date they 
have not been combined at scale.  

‒ We have assumed overall bio resource available to the UK of around 200 TWh (of which 
only 17% is imported and the rest is produced in the UK). This is equivalent to around 
10% of UK primary energy consumption in 2050. 
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‒ Of this, 173 TWh goes into BECCS in 2050, providing 51 MtCO2 of removals. The energy 
generated provides 6% of power generation, as well as 21 TWh of biofuels for aviation 
and buildings off the gas grid, saving a further 5 MtCO₂e in those end-use sectors. Our 
estimate of BECCS costs is based on it being used in the power sector at a cost of 
£158/tCO₂e, based on a mix of domestically-grown and imported feedstocks.  

‒ A small amount of biogas (14 TWh) is assumed to be available after reductions in food 
waste, of which half is assumed to be used in gas-fired CCS power generation and the 
other half is used to displace natural gas in industry (79%) and buildings (21%). 

• DACCS. CO2 can also be removed from the atmosphere by stripping it from the air and 
sequestering it using CCS. Capturing CO2 from the air is challenging, requiring significant 
energy input given the low atmospheric concentration of CO2. 

‒ Our analysis assumes costs based on DACCS being co-located with BECCS plants, which 
provides access to the necessary heat, power and CO2 infrastructure. Different 
approaches are being pursued, and the technology is generally at the pilot scale. 

‒ In the Further Ambition scenario we assume some, but very limited, deployment of 
DACCS at a scale sufficient to drive learning-by-doing. Current DAC designs are modular 
and the technology is inherently scalable (e.g. it is not constrained by the need to access 
land to plant trees). If breakthroughs can be made it could make the overall net-zero 
challenge materially easier. 

‒ This small-scale deployment removes 1 MtCO2 from the atmosphere at an assumed cost 
of £300/tCO2. 

CCS plays a vital role in many GGR approaches. Although the UK has not yet made progress in 
deploying CCS at scale, it is well placed to do so and this should be a policy priority (see Chapter 
6). Many other countries do not have access to the CO2 storage potential that the UK does, so 
although resources (e.g. biomass, energy input to DAC) may have lower costs elsewhere the UK 
could still be a relatively good place to deploy these solutions. The Further Ambition scenario 
has up to 175 Mt total CO2 captured and stored in 2050 (Figure 5.4). 
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Figure 5.4. Total CO2 captured and stored in the Further Ambition scenario in 2050 

Source: CCC analysis. 
Notes: 1. The volumes shown here for CO2 captured and stored for fossil CCS are based on the production of 148 
TWh of electricity from gas CCS plants and 225 TWh of hydrogen from advanced gas reforming plants (see 
Chapter 2 of the accompanying Technical Report). However, as stated in that chapter, it is not possible to foresee 
the exact generation/production mix in 2050. Hence we denote these blocks in the chart with shading.  
2. 'BECCS (all sectors)' covers the burning of biomass (including agricultural and forestry residues), waste wood,
biomethane/biogas and the biogenic part of municipal and commercial and industrial waste (MSW/C&IW) in 
industry and for power generation, plus CO2 captured and stored from the production of biofuels for aviation and 
burning in homes (bioLPG in off-gas hybrid heat pumps).  
3. Fossil CCS for power generation and industry covers burning of fossil fuels, plus the non-biogenic part (46% of
the total) of MSW/C&IW. 
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Box 5.4. The role of sustainable biomass 

In 2018, the Committee updated its advice on the role of sustainable biomass in decarbonising the UK 
economy to 2050. It drew on the latest evidence on the circumstances in which biomass can be both 
low-carbon and sustainable. It set out scenarios and requirements for the future supply of sustainable 
biomass, together with an assessment of how this limited resource can be prioritised for the most 
valuable end-uses to maximise GHG abatement across the economy. 

Approach 

We take into account the full lifecycle emissions of biomass, including changes in land carbon stocks. 
The analysis was conducted in parallel to our report on UK land use, which forms the basis of the UK 
biomass supply scenarios. We define sustainability in broad terms to include biodiversity, ecosystem 
impacts (including flood mitigation, water and soil quality) and social issues such as impacts on food 
production and land tenure. The analysis to determine the most effective use of biomass throughout 
the economy draws on energy system modelling undertaken jointly with our 2018 report on 
Hydrogen, along with new research on non-energy uses of biomass - particularly wood in construction. 

Findings 

The work confirmed the view that harvesting and using biomass can play an important role in reducing 
emissions - provided that it is done as part of a system of sustainable land use. As a minimum this 
requires managing the carbon stocks in plants and soils so that they increase over time, including a 
concerted effort to reverse declines in forest cover where these are occurring and to build up stocks on 
managed land where they have been degraded by human activity. 

There is scope to increase terrestrial carbon stocks and levels of sustainable harvested biomass both 
globally and in the UK. But stronger governance is needed to ensure this happens in practice: 

• By applying good practice and minimising competition with food production, sustainable biomass 
can be produced for use in construction, energy production and other bio-based products.  

• For wood in construction, there is the potential to increase volumes of sustainable sawn log so that 
annual carbon sequestration in new UK buildings rises for housing and non-residential buildings.  

• At the same time, there is potential to increase production of UK sustainable low-grade biomass to 
meet between 5% and 10% of UK energy demands in 2050. At the lower end, this implies fully 
utilising the UK's biogenic waste sources, including maintaining today's levels of agricultural and 
forestry residues. At the upper end it requires increasing tree planting rates and planting over 1 
million hectares of land with energy crops (around 7% of the UK's current agricultural land).  

• Supplementing this with sustainable imports could increase biomass use to up to 15% of UK 
primary energy consumption by 2050, based on a UK 'fair share' of global sustainable resource. 

• Using this in conjunction with CCS - either to produce hydrogen, in industry, for aviation biofuels or 
power - could sequester 20-65 MtCO2e in the UK by 2050. 

Significant increases in biomass supply will only be possible with strong global sustainability 
governance. In the Biomass review we recommended: 

• BEIS and DfT should update the sustainability criteria to reflect the growing evidence base in this 
area (e.g. Forest Research criteria). As a general rule, high-risk feedstocks (e.g. those from primary, 
high-carbon, highly biodiverse or slow-growing forests) should be regulated out and best practice 
encouraged (e.g. use of genuine agricultural and forestry residues, certain perennial crops grown 
on marginal land). They should also assess ways to incentivise a 'race-to-the-top' by rewarding 
performance over and above established thresholds. 

• Ensuring that changes in terrestrial carbon stocks are fully accounted for in sustainability criteria. 
This means closing the loophole around stocks in managed forests by requiring that long-term 
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Box 5.4. The role of sustainable biomass 

changes in forest carbon stock at landscape scale are captured in the calculation of climate 
impacts. The general principle is to avoid sourcing from areas where carbon stocks are falling. BEIS 
and DfT should also explicitly rule out harvest of whole forest carbon tracts exclusively for energy 
use, in line with best practice. 

• Enhancing monitoring and reporting, including by making use of satellite mapping,
geographically-specific datasets, track and trace initiatives and enhanced levels of soil carbon
monitoring. The UK should lead this shift, including through high-quality independent monitoring
and reporting of UK stocks and supply chains (and linking this to other data such as international
forest inventories).

• Adopting a wider approach to managing risks, beyond the current approach of placing conditions
on subsidy schemes. Sustainability criteria should be embedded in procurement and financing
rules; broader strategic coordination of trade and development policy would be beneficial.

Ensuring that biomass is used in the most effective way is essential. This means that current uses will 
need to change so as to prioritise uses which sequester atmospheric carbon whilst also providing a 
useful energy service or product, for example wood in construction and BECCS (Figure B5.4). 
Government must design policies and support mechanisms consistent with this long-term best use, 
and avoid lock-in to sub-optimal uses in surface transport, buildings and single-use bioplastics. 

Figure B5.4. Estimated GHG abatement across different biomass applications 

Source: CCC (2018) Biomass in a low-carbon economy. 
Notes: Shows estimates of GHG abatement provided by an oven dried tonne of biomass used in various 
sectors, considering an appropriate counterfactual (i.e. what we would expect it to be displacing, long-term). 

Source: CCC (2018) Biomass in a low-carbon economy. 
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(iv) Summary of Further Ambition options 

Table 5.1 summarises the extensive roll-out of abatement measures across the economy in the 
Further Ambition scenario. Figure 5.5 illustrates what this means for remaining emissions, by 
sector and by gas. 

• Together the combination of Core and Further Ambition options would cut emissions by 
96% from 1990 levels, to 35 MtCO2e in 2050. This is 93% below 2017 levels. Remaining 
emissions would largely be from agriculture and aviation. CO2 emissions would be slightly 
below net-zero in this scenario, whilst emissions of all long-lived gases would be slightly 
above net-zero.  

• These estimates reflect the updated evidence for emissions from peatland (at the high end), 
but, in line with current emissions estimates across the economy, use the GWP weightings 
from the IPCC's Fourth Assessment report (see Box 5.1). If the GWP weightings from the Fifth 
Assessment are used instead then the estimate for the remaining emissions would be 37-45 
MtCO2e. This reflects the high share of methane remaining in the scenarios, for which the 
weighting changes in AR5. The range reflects the two proposals that the IPCC has made (and 
between which the international community have not yet expressed a preference). 

Around 10% of the emissions reduction in the Further Ambition scenario involves a significant 
change in societal and consumer behaviours, for example an acceleration in the shift towards 
healthier diets with reduced consumption of beef, lamb, and dairy products (Figure 5.6). 
However, over half of the emissions reduction requires some change from consumers, for 
example to purchase an electric car or install a heat pump. 

Considerations on how the Further Ambition scenario can be delivered, including the 
infrastructure and policy challenge, is set out in Chapter 6. 

Costs of delivering the Further Ambition scenario are higher compared to the Core scenario, 
given that it removes nearly all GHG emissions from the economy. We set out our analysis of 
costs and benefits in Chapter 7. 
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Table 5.1. Measures required under the Core and Further Ambition scenarios in 2050 

Sector Measure 2017 2050 scenario 

Core Further 
Ambition 

Power 
Share of low-carbon 

generation 
50% 97% 100% 

Low-carbon generation 
(TWh) 

155 540 645 

Buildings 

(Share of low-carbon heat*) 

Low-carbon heat in 
existing homes 

4.5% 80% 90% 

Low-carbon heat in non-
residential buildings 

100% 100% 

Industry CCS** 0% 50% 100% 

Low-carbon heat*** <5% 10% 85% 

Surface transport 

(Share of fleet) 

Battery electric cars and 
vans 

0.2% 80% 100% 

Electric and hydrogen 
HGVs 

0% 13% 91% 

Aviation gCO2 per passenger-km 110 70 55 

Sustainable biofuel 
uptake 

0% 5% 10% 

Shipping Ammonia uptake 0% 75% ~100% 

Land use and forestry Afforestation (% of UK 
land area) 

13% 15% 17% 

Peatland restoration (% 
area in good condition) 

25% n/a 55% 

Engineered removals 

(MtCO2) 

BECCS 0 20 51 

Direct air capture 0 n/a 1 

Source: CCC analysis. 
Notes: *2017 represents share of heat from low-carbon sources, 2050 represents the number of existing homes 
with low-carbon heat. **In manufacturing sectors with process emissions or internal fuel use (fuels produced 
using the industries' feedstock). ***Excluding in sectors with process emissions or internal fuel use (2017 and 
2050 Core scenario exclude existing electricity use). 
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Figure 5.5. Remaining emissions in the Further Ambition scenario by sector and gas (2050) 

Source: CCC analysis.  
Notes: Dotted line shows net emissions in 2050, taking into account negative emissions. Figure includes high 
estimate of additional peatland emissions and is based on the current inventory GWPs (see Box 5.1). 

Figure 5.6. Role of societal and behavioural changes in the Further Ambition scenario 

Source: CCC analysis. 
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(d) Speculative options that could cut emissions further but are highly uncertain 

We have identified a range of options that are more speculative than those in the Further 
Ambition scenario. These Speculative options currently have very low levels of technology 
readiness, very high costs, and/or significant barriers to public acceptability. It is very unlikely 
they would all become available by 2050 but some contribution from Speculative options is 
likely and will be required in order to reach net-zero GHG emissions domestically. 

Speculative options that we consider include: 

• Further societal and behavioural changes. There is potential for larger changes in 
consumer choice, particularly in sectors where there are significant remaining emissions in 
2050 (i.e. agriculture and aviation). 

‒ Agriculture. There is potential for further changes in diets beyond the Further Ambition 
scenario, by further reducing meat consumption. The Speculative option reflects 
reductions in livestock farming in line with a 50% reduction in beef, lamb, and dairy 
consumption compared to current levels. This would be closer to, but still not meet, the 
Government's current healthy eating guidelines. If consumption levels remain higher, 
this scenario could still be met with a role for alternative sources of protein grown off-
farm (e.g. synthetic meat). This could save an additional 11 MtCO2e in 2050 beyond the 
Further Ambition scenario. 

‒ Aviation. The Further Ambition scenario allows a 60% increase in passenger demand 
above 2005 levels by 2050 (demand is currently around 30% higher). An additional 
reduction in emissions could be possible if demand were to be lower than this level (e.g. 
as an illustration, 20-40% above 2005 levels would imply a further saving in emissions of 
4-8 MtCO2e). This could, for example, reflect a future change in consumer preferences 
and social norms, or more ambitious policy to limit growth in demand. 

• More extensive changes to land. The diet changes under the Further Ambition scenario 
release land which can be used to increase afforestation rates. It may therefore be possible to 
achieve higher rates of afforestation than we assume in the Further Ambition scenario. 
Additional peatland restoration may also be possible. 

‒ Increasing the tree planting rate from 30,000 hectares per year in the Further Ambition 
scenario to 50,000 hectares per year with the Speculative option would save an 
additional 11 MtCO2e in 2050. By 2050 UK forest cover would be increased to 19%. 

‒ Land released from diet change could also be used for more peatland restoration and the 
growing of more energy crops and short-rotation forestry, delivering a further 3.5 MtCO2e 
and 4 MtCO2e of abatement respectively by 2050. 

‒ Additional emissions reduction from peatland that does not require land to be released 
out of agricultural production is possible beyond the Further Ambition scenario, through 
better use of lowland agricultural peatland (e.g. seasonal management of the water 
table). This could save an additional 1.5 MtCO2e in 2050.  

• Removals. Our Further Ambition scenario has removals from wood in construction, BECCS 
and a small deployment of DACCS, but more ambitious uptake of these may be possible as 
well as more speculative options including enhanced weathering and biochar. 

‒ BECCS. More ambitious deployment of BECCS may be possible, if available biomass 
resource turns out to be higher than our assumed level of around 200 TWh. The 
Committee’s 2018 report on Biomass presented scenarios for the UK share of global 
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biomass resources of around 100-300 TWh, depending on land availability and 
governance arrangements internationally. If the biomass resource were at the upper end 
of this range and all of this extra resource were to be used for BECCS, this would provide 
an extra 32 MtCO2 of removals. 

‒ DACCS does not have a particular limit that constrains its potential scale of deployment. 
The scale of its deployment therefore depends on its costs relative to alternatives and the 
pace at which the industry can scale up. The 2018 Royal Society and Royal Academy of 
Engineering report on greenhouse gas removal147 included 25 MtCO2 of DACCS in the UK. 
That would require energy input of around 50 TWh (equivalent to the output of up to 10 
GW of offshore wind), an increase of around 14% in use of CCS compared to our Further 
Ambition scenario and an extra annual investment of around £4 billion per year through 
the 2040s to pay for DAC facilities with a land footprint of the order of 50 km2. 

‒ Enhanced weathering is a process that entails finely crushing up rocks and spreading 
them on land so that the fragments of rock react with CO2 in the air, removing it from the 
atmosphere. This option has not yet reached a stage that provides confidence that it can 
be done effectively without significant adverse impacts, but further research should be 
pursued to determine whether it can be. We do not include it even as a Speculative 
option in this report. 

‒ Biochar entails treating biomass in a way that enables it to store bio-carbon in a stable 
form that is resistant to decomposition when mixed with soil. While this option is more 
developed than enhanced weathering, it is not yet mature and also competes for finite 
sustainable biomass resources with other options (e.g. BECCS) that are expected to be 
more effective in permanently sequestering the carbon in biomass. We therefore do not 
include a specific estimate of biochar potential as a Speculative option. 

• Synthetic fuels. These may be technically possible but will be thermodynamically and 
economically challenging, and therefore currently appear likely to be significantly more 
expensive than other Speculative options. If these challenges could be resolved and scaled-
up globally then synthetic fuels could potentially have a large role. 

‒ Synthetic fuels are produced by combining a CO2 input source (e.g. from DAC) with a 
large amount of zero-carbon energy (e.g. in the form of stored hydrogen), in order to 
produce a significantly smaller amount of hydrocarbon energy. The CO2 is then released 
to the atmosphere on combustion of the fuel. These multiple steps make it both a 
thermodynamically and economically inefficient process. 

‒ For example, to produce 115 TWh of synthetic jet fuel, which is the requirement after our 
Further Ambition options in aviation have been applied, would require around 200 TWh 
of zero-carbon electricity. This is equivalent to a further 33% of the total UK electricity 
generation requirements under Further Ambition.148 

‒ Furthermore, once CO2 has been captured the extra costs of sequestering it are relatively 
low, suggesting that is likely to be a cheaper route to achieving the same emissions 
reduction than converting it into a hydrocarbon and using it to displace remaining fossil 
fuels like kerosene. 

                                                           
147 The Royal Society and the Royal Academy of Engineering (2018) Greenhouse gas removal. 
148 Analysis provided by the Royal Society. Underlying assumptions are listed in the assumptions log which 
accompanies this report.  
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‒ Therefore, although there is a large technical potential for synthetic fuels and the 
prospect of synthetic fuels is attractive to businesses looking to reduce their own 
emissions rather than offset them through removals, the challenges of overcoming the 
very difficult production and economic barriers make this a Speculative option. 

‒ We illustrate potential for emissions reductions of up to around 45 MtCO2e should these 
barriers prove surmountable, based on the remaining emissions in our scenarios from 
combusting fossil fuels without CCS. 

• Higher CCS capture rates. The Further Ambition scenario assumes that 95% of CO2 is 
captured when CCS is applied in electricity generation, industry, and for hydrogen 
production. The Speculative option assumes a higher capture rate (99%), which would save 
an additional 7 MtCO2e. Though uncertain, higher capture rates are potentially possible 
without increasing costs significantly.149 

• Wider hydrogen roll-out. Hydrogen is rolled out extensively in the Further Ambition 
scenario. It could be rolled out further, and faster, across industry, to replace residual gas use 
in buildings, and for use in trains. These currently appear relatively challenging so we only 
include them as a Speculative option. Together they could save a further 7.5 MtCO2e in 2050. 

It is possible that other currently unknown opportunities could arise even beyond these 
Speculative options. However, given timeframes required to commercialise and deploy options, 
it is unlikely they would be able to make a major contribution to reducing emissions by 2050. 

3. Getting to net-zero UK GHG emissions 
Reducing UK GHG emissions to net-zero by 2050 will require all of the Core and Further 
Ambition options and some of the Speculative options. In this section we set out three 
illustrative mixes to achieve that and then compare these to what is needed by the UK's current 
2050 target for an 80% reduction in emissions relative to 1990. 

(a) Getting to net-zero GHG emissions in 2050 

Together all the Core and Further Ambition options lead to a 96% reduction, meaning that 33 to 
45 MtCO2e of additional emission savings would be needed from the Speculative options (with 
the range reflecting the uncertainties in the emissions accounting set out in Box 5.1). 

The gap to net-zero GHGs could be closed through deeper roll-out of Further Ambition options, 
through further deployment of greenhouse gas removals, or through use of synthetic fuels 
(Figure 5.7): 

• Deeper roll-out of Further Ambition options. This includes further changes in demand 
(e.g. in aviation and in diets), land use (e.g. afforestation and peatland management), higher 
CO2 capture rates for CCS (i.e. across electricity generation, industry, and hydrogen 
production), and wider, and faster, deployment of hydrogen across buildings, industry, and 
transport. Together these could save up to a further 56.5 MtCO2e in 2050 which would be 
sufficient to get to net-zero GHG emissions overall. 

• Engineered removals. Our Further Ambition scenario has a level of BECCS in line with a fair 
UK share of sustainable global biomass resource, and limited deployment of DACCS (i.e. 1 
MtCO2e in 2050). There could be potential to deploy both these options to a greater extent, 

                                                           
149 IEAGHG (2019) Towards zero emissions CCS. 
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such that up to around 56 MtCO2e further emissions savings could be available. A 
combination of these additional options could therefore fill the gap to reaching net-zero 
GHG emissions. 

• Synthetic fuels. These may be technically possible but will be thermodynamically and
economically challenging, requiring considerable energy inputs, and therefore likely to be
significantly more expensive than other Speculative options. One pathway to a net-zero
scenario in the UK would involve these challenges being overcome, with synthetic fuels
being scaled-up globally to reduce emissions from the remaining fossil fuel combusting
sectors to zero.

These scenarios highlight the challenge of delivering across all areas, including currently 
Speculative options, in order to reach net-zero GHG emissions by 2050. Developing a sufficient 
range of the Speculative options will also be important to provide a backup in case some other 
options fail to deliver fully and as a contingency given uncertainty in projections of future 
emissions (Box 5.5).  

Alternative ways of getting to net-zero emissions have been suggested (Box 5.6). Specifically, 
some scenarios rely on widespread use of synthetic fuels to decarbonise some sectors (e.g. 
aviation). Such a strategy may be feasible but is likely to make it harder and more costly to get to 
net-zero GHG emissions overall, given the additional inefficiencies and costs. 

Figure 5.7. Additional abatement potential from Speculative options in 2050 

Source: CCC analysis. 
Notes: Shaded area reflects range for additional emissions reductions required beyond the Further Ambition 
scenario to get to net-zero emissions in 2050 (i.e. 33-45 MtCO2e). AR5 GWPs area reflects that emissions and 
emission savings would be higher with higher GWPs, consistent with the upper end of the shaded area. 
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Box 5.5. Uncertainty in emission scenarios 

Key uncertainties for future emissions include economic factors, changes in society and behaviours, the 
rates at which technologies become available, and their costs and emissions reduction potential: 

• Economic factors. These include the rate of economic growth and the level of future fossil fuel 
prices, as well as demographic factors such as population. Our assumptions for future economic 
growth are based on the Office for Budget Responsibility's central projection, and we use the UK 
government’s fossil fuel price projections. To the extent that economic growth or population turn 
out higher than expected, or fossil fuel prices lower, this would potentially lead to higher emissions 
and therefore more take-up of low-carbon technologies and behaviours would be required.  

• Social and behavioural factors. Uncertainty over these relates to the level of demand for goods 
and services, and how consumers react to new technologies and options for reducing emissions. 
Both of these can be influenced by changes in preferences and tastes, at the individual and societal 
level. These preferences can change relatively quickly but are difficult to predict. 

• Technology development, costs, and emissions reduction potential. Our scenarios take into 
account the range of known options for reducing emissions, and allow for future innovation to 
improve performance and reduce costs of these options. However, there is uncertainty about 
exactly which options will become fully commercialised, and about exactly how far their 
performance will be improved and their costs will reduce. 

Our scenarios take a conservative approach to these uncertainties and to the potential for emissions 
reduction. They do not assume unspecified technological breakthroughs or radical changes in 
consumer behaviour. They take into account known changes to the emissions inventory, and reflect 
conservative limits on deployment of new resources (e.g. biomass). 

• Changes to the emissions inventory. In the coming years these include addition of emissions 
from peatland and changes to the Global Warming Potentials used to calculate emissions. These 
are expected to increase estimates of emissions, for the present day and back to 1990 (Box 5.1). We 
take these into account in our analysis, so that we do not underestimate the reductions needed.  

• Technology. Our scenarios are based on currently known technologies and options to reduce 
emissions. We do not assume innovation produces unspecified breakthroughs to reduce emissions, 
or that technologies will be developed, commercialised and deployed on unrealistic timescales.    

• Resource deployment. Our scenarios include wider use of biomass. Where this resource is 
deployed we assume overall demand is consistent with a sustainable level of supply. This means 
within the limit for a UK share of potential global sustainable resource, as identified in our 2018 
report on Biomass in a low-carbon economy. 

These uncertainties suggest that flexibility will be needed to respond if there are developments that 
make emissions reduction more difficult. There is also potential for some areas to develop more 
positively than expected (e.g. costs may fall faster, particularly with sustained widespread deployment 
backed by clear, stable, well-designed policies as has occurred, for example, in offshore wind). These 
would make targets easier to meet. 
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Box 5.6. Wider evidence on the opportunities for very deep emissions reductions 

Many studies have been published since the Paris Agreement to explore ways that countries could 
pursue the deep decarbonisation required. We have reviewed these approaches in developing our 
own scenarios.  

Our focus is on scenarios with specific actions that go beyond those in our previous publications and 
that are relevant to a developed country like the UK. Organisations who have published such studies 
include the Energy Transitions Commission (ETC) and the European Commission (EC). 

• The ETC focused on ways to reach net-zero CO2 emissions by mid-century in harder-to-abate
sectors such as industry, freight transport and aviation. They identified a three-pronged approach:
demand reduction for high-carbon goods such as steel; improved levels of energy efficiency;
deployment of low-carbon options (CCS, hydrogen, and electrification).

• The EC presented two scenarios that achieve net-zero GHG emissions by 2050 using different
approaches: a strong reliance on low-carbon technologies (including CCS and BECCS) or an
envisaged change in consumer choices towards low-carbon options.

Both of these studies have many options in common with our scenarios: 

• Large reductions in energy use due to the deployment of energy efficiency and resource efficiency
measures, such as recycling and re-use of goods, improved design of vehicles and buildings and
increased sharing of goods and buildings.

• Extensive switch to low-carbon fuels across most sectors, with major roles for both electricity and
low-carbon hydrogen. The EC envisage electricity accounting for half of final energy consumption
in 2050 and hydrogen accounting for 10%, compared to around 45% and 20% respectively in our
scenarios.

• Lifestyle changes such as less growth in air travel150 and a shift in diets151 are incorporated into one
of the EC scenarios.

However there are some fundamental divergences from our approach: 

• Both the ETC and EC envisage a substantial role152 for synthetic fuels in industry, transport and
buildings. We class these as a Speculative option due to the additional energy required in their
production (see Section 2 regarding synthetic jet fuel) and the lower efficiency of use compared to,
for example, an electric motor. The EC also noted that this is a potential barrier.

• CCS has a key role in industry in both studies. However, the role for CCS in power generation is
lower than the level we currently envisage, where BECCS and gas CCS plants potentially provide
around a third of generation (see Chapter 2 of the Technical Report).

• Bioenergy: our approach is to preferentially use bioenergy in combination with CCS in order to
maximise the level of negative emissions. However, both the ETC and EC have substantial volumes
of bioenergy used without CCS: for example over half used for aviation fuel (ETC). Our analysis
suggests that this is not the most effective use given the relatively low level of emissions reduction
it achieves compared to use with CCS.

Sources: Energy Transitions Commission (2018) Mission Possible; European Commission (2018) A Clean Planet for 
all - A European strategic long-term vision for a prosperous, modern, competitive and climate neutral economy. 

150 A 70% growth in long-haul air transport activity (2015-2050) as opposed to 104% growth in current projections. 
151 Approximately 25% fewer calories from animal products, per capita, in 2050 compared to a baseline scenario 
without the proposed dietary changes. 
152 The EC scenarios envisage approximately 15% of final energy consumption from synthetic fuels.  
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(b) Scenarios for net-zero emissions compared to those for the existing 2050 target 

We have set out scenarios for reaching a 100% reduction in GHG emissions compared to 1990 
levels by 2050. These go beyond the currently legislated target for at least an 80% reduction.  

Given the potential to meet the 80% target in different ways it is difficult to say exactly what is 
needed additionally to meet a net-zero GHG target. In one sense, the key difference is that an 
80% target has the flexibility not to pursue some abatement options, whereas a net-zero target 
requires that all opportunities to reduce emissions are taken. There is still some flexibility in 
means (e.g. whether low-carbon power is from offshore wind or nuclear; whether buildings are 
heated by heat pumps or hydrogen), but not in ends – where low-carbon options are available, 
one of them must be used. 

However, since our Core scenario is close to the 80% target, the additional Further Ambition 
measures give a good indication of the extra effort required for a net-zero GHG target, 
supplemented by some of the Speculative options. Key features are: 

• Heat for buildings should be decarbonised across the building stock, including peak
heat for buildings on the gas grid. Peak power generation must also be decarbonised.

• Low-carbon hydrogen becomes a key option, for industry, peak power, shipping and
potentially for peak heat in buildings and for HGVs.

• CCS, low-carbon hydrogen and electrification must be fully deployed in industry
alongside efficiency. These measures are no more expensive than similar applications in the
power sector or in heating and can be deployed on a similar timescale, but policy design is
more challenging, particularly given competitiveness concerns and the need to align
changes with broader refurbishments (see Chapter 6).

• HGVs should be decarbonised. The best solution is not yet clear – hydrogen or
electrification or a combination of the two. Technological progress is likely to be driven
globally and some coordination will be required with connected markets in Ireland and
mainland Europe.

• Choices should shift towards healthier lower-carbon diets, allowing a fifth of UK
agricultural land to shift to tree planting, energy crops and peatland restoration that will also
improve climate resilience and improve ecosystem services.

• BECCS. Sustainable biomass can make an important contribution, but in aiming for net-zero
emissions it must be used in the most carbon-efficient ways (i.e. use of wood in construction
and use of bioenergy with CCS).

• Some further abatement will be needed from either a material societal shift away from
carbon-intensive goods and services, more radical changes in land use, extensive
deployment of emerging technologies to directly remove CO2 from the atmosphere, or some
combination of these.

The changes required to reduce UK GHG emissions to net-zero would also support reductions in 
emissions outside the UK, by reducing the UK's imports of high-carbon goods and services (Box 
5.7). It will be important to monitor estimates of UK consumption emissions closely and ensure 
that, as a minimum, the gap between consumption and territorial emissions does not widen. 
Should it do so this may require further UK action to reduce emissions. 
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Box 5.7. Consumption-based emissions 

Emissions associated with the activities of UK residents can be measured in two main ways: on a 
territorial basis, which includes emissions produced solely within the UK’s borders, or on a 
consumption basis which aims to cover emissions associated with UK activity and expenditure 
wherever it occurs in the world (and does not include the emissions from producing the UK's exports). 

Consumption-based emissions were estimated to be around 70% higher than territorial-based 
emissions in 2016 (see Box 3.3 in Chapter 3). Consumption-based emissions have a higher uncertainty 
than territorial estimates given the need to estimate emissions across international supply chains.  

The UK should ensure that action to reduce emissions within its own borders does not result in an 
increase in the imported part of its consumption emissions. Such an increase could occur due to either 
an increase in total UK consumption, or a transfer of activity to overseas (known as 'offshoring').  

The Committee will continue to monitor emissions on a consumption basis as part of our regular 
progress monitoring. The Government should consider the cost-effectiveness of measures to cut 
emissions based on their effect on all emissions, not just those included in the UK territorial account. 

Our Further Ambition options include a number of demand reduction measures, such as resource 
efficiency and dietary change, which target goods and services whose production may be more 
difficult to decarbonise. These include: fossil fuels, industrial products (steel, cement, and lime) and 
foods such as red meat and dairy products. This approach is taken primarily because these measures 
are a relatively low-cost way for the UK to achieve net-zero territorial emissions. However, the 
substantial import dependency of these goods and services means that these actions are also likely to 
reduce total UK consumption-based emissions. The UK’s progress towards net-zero emissions on a 
territorial basis will contribute additionally towards reducing global emissions, since the carbon 
content of the UK’s exported goods and services will be lower. Furthermore, the lower UK territorial 
emissions will reduce the consumption emission footprints of countries that import from the UK. 

Figure B5.7 shows the estimated reduction due to our Further Ambition options, from 2016 to 2050, in 
the imported part of the UK’s consumption-based emissions for the goods and services listed above. 
The total reduction is 18 MtCO2e, or a 27% reduction compared to the level (64 MtCO2e) in 2016. The 
drivers of this reduction are:153  

• A 30% reduction in the tonnage of iron and steel, and a 26% reduction in cement, lime and plaster, 
consumed in the UK between 2016 and 2050. See Chapter 4 of the Technical Report for details.  

• A 20% reduction in the amount of beef, lamb and dairy produce consumed in the UK between 
2016 and 2050. Beef and lamb consumption are assumed to be replaced by pork and poultry 
products; dairy products by legumes and pulses. See Chapter 7 of the Technical Report for details. 

• Lower consumption of fossil fuels154 and imported bioenergy as a result of all Further Ambition 
options in aggregate. These reduce emissions from extraction and production of these fuels. 

• We do not include additional emissions reductions from reduced growth in UK aviation. Only the 
departing flights are included in the UK's territorial emissions, but clearly fewer departing flights 
will also be associated with fewer arriving flights. These will be counted in the territorial emissions 
of the countries from which they depart and will help to reduce global emissions but may not 
count in the UK's consumption emissions. 

 

                                                           
153 There will be other drivers of change such as the UK’s total consumption of such goods and services, and the 
proportion that are imported. However, it is beyond the scope of this analysis to estimate such changes. 
154 A 34% reduction in gas, 85% reduction in oil and 89% reduction in solid fossil fuels between 2016 and 2050.  
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Box 5.7. Consumption-based emissions 

• We have not attempted to estimate the impact on consumption emissions of the increased
investment in low-carbon technologies in our scenarios.

‒ We note that the total change in UK investment is relatively small (an extra 1% of GDP, 
while total capital spend has ranged from 15% to 24% since 1990). Furthermore, the 
decarbonisation of UK industry implied by our scenarios demonstrates the potential to 
meet increased investment needs without large increases in emissions. 

‒ In our 2013 report Reducing the UK’s carbon footprint, we carried out an assessment of 
emissions associated with the lifecycle155 of low-carbon technologies included in our 
scenarios for power generation, surface transport and heating. We found that there were 
substantial savings in lifecycle emissions compared to fossil-fuel technologies. For 
example, we estimated that a battery electric car would have lifecycle emissions of less 
than 20 gCO2e/km in 2050, compared to 125 gCO2e/km for a petrol car in the same year.  

Overall, it is likely that the reduction in UK territorial emissions in our scenarios would result in a larger 
reduction in global emissions, particularly if policy is developed with life-cycle emissions in mind. 

Figure B5.7. Change in imported emissions for certain goods in the Further Ambition scenario 

Source: 2016 statistics from University of Leeds analysis for Defra (2019) UK’s carbon footprint 1997-2016; 
estimated changes 2016-2050 from CCC analysis. 
Notes: Emissions shown are only those associated with the imports of: raw unprocessed food, iron and steel, 
cement/lime/plaster and fossil fuels. Hence the total in 2016 is less than that of total imported emissions. 
Aggregation of greenhouse gases uses GWPs from the IPCC 5th Assessment Report. 

155 Lifecycle emissions of a product are those caused directly and indirectly at each stage of its life, from the 
extraction of raw materials and manufacturing right through to its use and final re-use, recycling or disposal. 
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4. Feasible timing for the net-zero transition 
Our analysis has focused on feasible reductions by 2050, but has also considered whether 
different sources of emissions could get to the same levels earlier, specifically by 2045.  

• There are some areas in which it would be difficult to achieve as much decarbonisation by 
2045 as by 2050, notably in buildings, industry and heavy transport, while afforestation will 
deliver less by 2045 than by 2050. 

‒ Buildings and industry. The need for strategic decisions, repurposing/upgrading of 
infrastructure and the turnover of the capital stock mean that it is difficult to see how 
these sectors could contribute as much emissions reduction towards an earlier date than 
2050 for net-zero emissions. 

‒ Heavy-duty transport. For larger vehicles (e.g. lorries, coaches, and ships), there are 
challenges around developing zero-emissions vehicles, development of fuelling 
infrastructure and stock turnover that would mean that we would expect emissions to be 
significantly higher in any date prior to 2050. 

‒ Afforestation. The land-based carbon sequestration from afforestation increases over 
time as more new trees are planted. Our Further Ambition scenario removes 3 MtCO2e 
less in 2045 than in 2050. 

• While in other areas (e.g. such as cars and vans, power generation, non-residential buildings, 
BECCS156 and F-gases) the level of decarbonisation by 2045 could match that in our Further 
Ambition scenario by 2050, an earlier date for net-zero would increase risks of non-delivery 
across the range of areas. 

• The scope for Speculative options to compensate for shortfalls in these sectors would also be 
impacted by an earlier net-zero date. As these options are currently not established, any 
deployment of them is likely to be towards the end of the period between now and 2050. 
Any reduction in the amount of time to roll them out could therefore reduce significantly the 
potential for their deployment in contributing to reaching net-zero emissions. 

The Further Ambition scenario already falls slightly short of reaching net-zero GHG emissions by 
2050, but the gap could be closed by Speculative options. Achieving net-zero significantly earlier 
than 2050 would be considerably more difficult due to higher emissions in still-decarbonising 
sectors, risks around the compressed timeframe, and reduced scope to deploy Speculative 
options. 

Our assessment is that achieving net-zero GHG emissions domestically prior to 2050 is not 
credible for the UK as a whole. 

 

 

                                                           
156 The main constraint on deploying BECCS by 2050 is the available sustainable biomass resource rather than roll-
out rates. 
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5. Implications for Scotland, Wales, and Northern Ireland 

(a) The challenge of reaching net-zero emissions in the devolved administrations 

The devolved administrations have an important role to play in delivering the long-term 
decarbonisation scenarios for the UK. The possible range of technological and behavioural 
options discussed in this chapter are broadly similar across the whole of the UK. However, each 
devolved administration has unique characteristics that make certain options more or less 
effective, and bring different opportunities and challenges in achieving net-zero GHG emissions. 

The options identified in our Further Ambition scenario above should be applied in each of the 
devolved administrations: 

• Reduce emissions from electricity, heating, surface transport, waste, F-gases, and shipping to 
very low levels. 

• Reduce emissions from hard-to-treat sectors – agriculture, industry, aviation. 

• Remove CO2 from the atmosphere through afforestation and other land-based sinks. 

The key factors affecting the ability of devolved administrations to reach net-zero GHG 
emissions can be split into: different proportions of economic activity in hard-to-treat sectors; 
existing infrastructure that will impact decarbonisation in the long-term; the way land is used; 
opportunities for engineered removals (e.g. BECCS); and potential to deliver Speculative options.  

Emissions in hard-to-treat sectors 

Current emissions from hard-to-treat sectors are different in each devolved administration 
(Figure 5.8). Higher or lower shares of current emissions in these hard-to-treat sectors will likely 
result in higher or lower residual emissions after all mitigation measures have been carried out. 

• Agriculture. All three devolved administrations have a higher proportion of total emissions 
from agriculture compared to England.  

• Aviation. Emissions from aviation make up a much lower share of total emissions in all three 
devolved administrations compared to the UK. The vast majority (around 90%) of all UK air 
passengers travel through airports in England,157 with English airports acting as a hub for 
long-haul flights for passengers from all areas of the UK. 

• Industry. Wales has a much higher share of total emissions (30%) from industry compared to 
the UK as a whole (22%), driven by the cluster of heavy industry in South Wales. Scotland also 
has a higher level of emissions from industry while Northern Ireland has a much lower share. 
However, our new analysis suggests emissions can be reduced to low levels in industry in the 
long-term, so these shares are less important than agriculture and aviation. 

Land use emissions, especially from peatland, are also important, and discussed below. 
 

                                                           
157 CAA (2018) Size of reporting airports 2018. 
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Figure 5.8. Sectoral share of emissions in England, Scotland, Wales, and Northern Ireland (2016) 

Source: NAEI (2018) Greenhouse Gas Inventories for England, Scotland, Wales and Northern Ireland: 1990-2016. 
Notes: Includes emissions from peatland and international aviation and shipping. 

Differences in infrastructure 

Some differences in infrastructure will continue as far as 2050. This is particularly important for 
the gas and electricity networks, existing housing stock, and clusters of heavy industry: 

• The gas network is much less developed in Northern Ireland, with only 24% of households
connected to the gas grid in 2017 (although this is increasing), compared to 87% for the UK
as a whole. Scotland and Wales also have a higher proportion of homes off the gas grid than
the UK average. Heat decarbonisation options that rely on the gas network will not be
possible in these particular properties, and will require a greater use of other options such as
heat pumps and smart storage heating.

• The cluster of heavy industry in South Wales could be a large point source of residual
emissions, unless effective measures to reduce emissions such as CCS are put in place.

Differences in land use 

Emissions from land use, land-use change and forestry are inherently location-specific. New 
research for the Committee’s 2018 Land Use report158 used spatial modelling to generate future 
emissions scenarios for each devolved administration and for regions of England. This new 
evidence provided further insight into potential for afforestation, growth of biomass as timber 
and for energy, as well as an assessment of emissions from degraded peatland: 

• England. England has a much larger proportion of land used for crops than the rest of the
UK, comprising around one-third of land area in 2016, compared with one-fifth for the UK as
a whole. Cropland will continue to be the dominant land use in England in our Further

158 CCC (2018) Land use: Reducing emissions and preparing for climate change. 
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Ambition scenario, but a 40% fall in grassland area will allow increases in land used for 
forestry, restored peatland, and agro-forestry. 

• Scotland. Around 20% of land in Scotland is currently forested, the highest proportion in the 
UK, which could rise to almost 30% under deep emissions reduction scenarios. Emissions 
from degraded peatland compared to total emissions are much higher in Scotland than the 
rest of the UK. They are expected to add up to 9.7 MtCO2e to estimates of Scottish emissions 
in 1990 once they are included in the inventory. However, there is potential to more than 
double the area of restored peatland from 0.6 million hectares today to over 1.4 million 
hectares by 2050, which would reduce these emissions to around 7 MtCO2e. Scotland is 
capable of producing 33% of the UK's solid biomass by 2050 - the majority of which is from 
forest management and new planting - and 50% of timber. 

• Wales. Livestock is an important agricultural activity in Wales, making grassland the 
dominant use of land in 2016 (74%). The amount of grassland could reduce by around 25% 
by 2050, with land for forestry increasing by around 70%. Wales has a very small amount of 
peatland, which is expected to add less than 0.5 MtCO2e to estimates of emissions once it is 
included in the inventory. Wales is expected to produce less than 10% of the UK’s solid 
biomass and timber in 2050. 

• Northern Ireland. The livestock sector dominates agriculture in Northern Ireland (over 90% 
of agriculture GVA in 2016), and in particular beef and dairy. This is reflected in the high 
proportion of grassland in Northern Ireland, which comprised 75% of land area in 2016. 
Crops are only 4% of land, and forest coverage is also lower than the rest of the UK at 6%. 
Grassland offers the biggest opportunity to move to lower-carbon land uses such as forestry, 
agro-forestry and biomass, which could increase by up to 11% of land by 2050. Peatland is 
expected to add 2.3 MtCO2e to the estimate of emissions in Northern Ireland in 1990, 
although this could fall to around 1.8 MtCO2e in 2050 with peatland restoration. 

Opportunities for engineered CO2 removal and storage 

The Further Ambition scenario for the UK involves a substantial amount of CO₂ removal from the 
atmosphere, largely through use of BECCS. Under current accounting rules the emissions credit 
for that removal is allocated where the CO2 storage occurs, rather than where the biomass is 
grown. Access to CO2 storage, and the most suitable sites for BECCS plants are therefore the key 
criteria in sharing this abatement within the UK. 

• Wales and Northern Ireland have limited access to CO2 storage sites and so do not appear to 
be the best places to locate BECCS plants. 

• Scotland has excellent CO2 storage sites in the North Sea, including disused oil and gas fields. 
It also has excellent potential to grow and supply around 33% of all UK biomass. Together 
these imply Scotland is a good place for BECCS plants to locate, although where these 
produce electricity or hydrogen, transmission constraints will also need to be considered. 

These differences in agriculture, aviation, land use and access to CO2 storage are the key factors 
affecting our Core and Further Ambition scenarios for Scotland, Wales, and Northern Ireland. In 
addition, there is potential to deliver Speculative options to further reduce emissions. 
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Potential for Speculative options that could cut emissions further 

Achieving net-zero GHG emissions for the UK will rely on a range of Speculative options that 
currently have very low levels of technology readiness, very high costs, and/or significant 
barriers to public acceptability. 

It is very unlikely they would all become available by 2050 but some contribution from 
Speculative options will be required to close the gap to a net-zero target. This could be achieved 
by deeper roll-out of the measures included in the Further Ambition scenario, further 
deployment of engineered removals, and/or through the use of synthetic fuels. The 
opportunities to deliver these Speculative options vary across the UK, which affect the ability of 
Scotland and Wales to deliver net-zero emissions (Table 5.2): 

• Deeper roll-out of Further Ambition options. These options focus on aviation demand, 
changes to agriculture and land use, CO2 capture rates for CCS, and hydrogen. They enable 
both Scotland and Wales to go beyond the Further Ambition scenario, although in each case 
the potential to deliver abatement through changes in aviation demand is lower than for the 
UK as a whole, and would be more reliant on changes to CCS capture rates, agriculture and 
land use. 

• Engineered removals. These removals will rely on a wider roll-out of BECCS and DACCS, 
which combined could deliver up to 52 MtCO₂e under the Further Ambition scenario. 
Scotland is well placed to produce biomass and store CO₂. If DACCS were deployed more 
widely in the UK, there would be good reason to co-locate it with the BECCS in Scotland 
deployed in our Further Ambition scenario. Conversely, Wales has more limited access to CO₂ 
storage and the deployment of further engineered removals in Wales is less credible. 

• Synthetic fuels. Use of synthetic fuels across industry, aviation and buildings could deliver 
additional abatement of up to around 45 MtCO₂e for the UK, around half of which is due to 
their use in aviation. Removing emissions from aviation using synthetic fuels could deliver a 
further 1.4 MtCO₂e of abatement in Scotland, whereas Wales has less than 0.1 MtCO₂e of 
emissions from aviation under our Further Ambition scenario (Figure 5.8). 

Given the uncertainty associated with all of these Speculative options, we only consider it 
credible to set a target that requires a significant contribution from them if there are multiple 
options for how to achieve the necessary emissions reduction. As only one of the identified 
routes for the UK is potentially feasible for Wales, it would not be prudent to set a target for 
Wales that relies on these Speculative measures being delivered (Table 5.2). 
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Table 5.2. Summary of potential to deliver Speculative options in Scotland and Wales 

Speculative measure Scotland Wales 

Deeper roll-out of Further 
Ambition options 

Engineered removals 

Synthetic fuels 

Overall 

Source: CCC analysis. 

(b) Scenarios for the devolved administrations in 2050 

Whilst the economic and geographical characteristics of each devolved administration imply 
different extents and timings for overall emissions reduction, the set of possible technological 
and societal measures that will be required to reduce emissions are essentially the same across 
the whole of the UK. 

It is important to recognise that the different levels of emissions in 2050 in our scenarios reflect 
different opportunities to reduce emissions rather than any difference in political ambition to 
pursue decarbonisation. Our assessment of the potential for decarbonisation in the devolved 
administrations requires applying the same sets of mitigation measures as in our UK-wide Core, 
Further Ambition, and Speculative scenarios. The abatement that each measure produces then 
depends on their effectiveness in each devolved administration. 

The residual emissions under the Further Ambition scenario are presented in Figure 5.9. The key 
differences in residual emissions for each devolved administration compared to the UK are: 

• Aviation. The devolved administrations each have a much smaller share of residual
emissions in aviation compared to the UK.

• Industry. As a proportion of positive residual emissions (i.e. net emissions excluding LULUCF
and engineered removals), emissions from industry are much higher in Wales (22%)
compared to Scotland (11%), Northern Ireland (4%), and the UK as a whole (12%).

• Agriculture. Scotland, Wales, and Northern Ireland each have a higher share of residual
emissions from agriculture (47%, 58%, 49% respectively) compared to the UK (29%).

• Land use and forestry. Compared to the positive residual emissions, the LULUCF sector is a
much larger sink in both Scotland (33%) and Wales (47%) than the UK as a whole (3%). This
reflects the good opportunities for afforestation and minimal peatland emissions in Wales,
and the significant opportunity for large increases in forest area in Scotland that offsets
larger emissions from degraded peatland. Unlike the rest of the UK, LULUCF is a net source of
emissions in Northern Ireland due to low forest coverage and high levels of peatland
emissions, and accounts for 26% of residual emissions.
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• Engineered greenhouse gas removals. There is limited opportunity for CO2 removal
through use of BECCS in Wales and Northern Ireland. New evidence for our Land Use report
suggests Scotland could provide around 33% of the UK’s solid bioenergy by 2050, and 50%
of timber. In our Further Ambition scenario, we have assumed that Scotland has the
opportunity to deliver 22% of total UK engineered removals, given access to this domestic
bio-resource and Scotland being well placed for CCS (see Box A.1 of the Technical Report).

Taken together these scenarios imply that delivering the Further Ambition scenario across the 
UK would result in net-negative emissions in Scotland, and net-positive emissions in Wales and 
Northern Ireland. 

Whether and when net-zero GHG emissions can be achieved requires consideration both of the 
emissions level under the Further Ambition scenario and potential to go further with Speculative 
options (Table 5.3): 

• For Scotland, the reduction of 104-110% by 2050 under Further Ambition already provides
confidence that net-zero GHG emissions can be achieved in or before 2050. Potential to go
beyond Further Ambition with Speculative options in Scotland indicates that deeper
emissions reductions could be achieved if necessary. The gap to net-zero emissions in 2045
for Scotland would require 0-4 MtCO₂e of abatement delivered through Speculative options.

• For Wales, the reduction of 95-97% under the Further Ambition scenario is at the limit of our
current assessment of feasibility, given that setting a target that relies on Speculative options
would entail too great a risk. Given that methodological decisions have not yet been taken,
we therefore consider that the lower end of the range for emissions reduction (95%) is the
maximum extent of credible reductions in Wales by 2050.

Figure 5.9. Residual emissions in the Further Ambition scenario for the UK, Scotland, Wales, and 
Northern Ireland (2050) 

Source: CCC analysis. 
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Our assessment for the level of feasible emissions reduction by 2050 has changed significantly 
more for Wales and for Scotland than for the UK as a whole: 

• For Wales, this reflects a large change in our assessment of potential decarbonisation of
industry across the UK, based on new evidence of opportunities for decarbonisation (e.g. on
the potential for use of hydrogen in industry), which affects Wales disproportionately given
its high share of current industry emissions.

• For Scotland, this reflects significant changes in our assessment of the opportunities
presented by the land sector in terms of carbon sequestration, and our greater ability to
disaggregate these opportunities across the UK.

Table 5.3. Core and Further Ambition scenarios for the UK, Scotland, Wales, and Northern Ireland 
(2050) 

Scenario in 2050 UK Scotland Wales Northern 
Ireland 

Core Emissions in 2050 
(MtCO₂e) 

193 12 13 10 

Reduction on 1990 
levels 

77% 85% 76% 63% 

Further 
Ambition 

Emissions in 2050 
(MtCO₂e) 

33 to 45 -8 to -4 2 to 3 5 to 6 

Reduction on 1990 
levels 

95% − 96% 104% − 110% 95% − 97% 78% − 80% 

Ability of Speculative options 
to go beyond the Further 
Ambition scenario 

Earliest credible year for net-
zero GHG emissions 

2050 2045 Post-2050 Post-2050 

Source: CCC analysis. 
Notes: Range presented for Further Ambition includes uncertainty around methodologies selected for global 
warming potentials and the inclusion of peatland emissions (Box 5.1). 

This reflects the Committee’s recent work that has focused on challenging sectors that could 
have a large impact on the UK’s ability to reach net-zero emissions, including our 2018 reports 
on land use, hydrogen, and biomass.159 The accompanying Technical Report sets out in more 
detail how our assessments have changed for Scotland, Wales, and for the UK as a whole.

159 CCC (2018) Land use: Reducing emissions and preparing for climate change; CCC (2018) Hydrogen in a low-carbon 
economy; CCC (2018) Biomass in a low-carbon economy. 
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Introduction and key messages 
Chapter 5 set out the technical ways in which greenhouse gas emissions can be reduced to net-
zero by 2050. In this chapter we focus on the actions required to deliver these reductions. 

Reaching net-zero GHG emissions requires extensive changes across the economy, with 
complete switchovers of several parts of the UK capital stock to low-carbon technologies and 
development of new industries for carbon capture and storage and low-carbon hydrogen 
production. Major infrastructure decisions need to be made in the near future and quickly 
implemented. The public will need to be engaged in making the required changes. 

The key messages in this chapter are: 

• The foundations are in place. Policy development has begun for many of the components 
needed to reach net-zero GHG emissions: low-carbon electricity (which must quadruple by 
2050), efficient buildings and low-carbon heating (needed throughout the building stock), 
electric vehicles (EVs), carbon capture and storage (CCS), diversion of biodegradable waste 
from landfill, phase-out of fluorinated gases, increased afforestation and measures to reduce 
emissions on farms. These policies must be strengthened and they must deliver action.  

• Delivery must progress with far greater urgency. Many current plans are insufficiently 
ambitious; others are proceeding too slowly, even for the current 80% target: 

‒ 2040 is too late for the phase-out of petrol and diesel cars and vans, and current plans for 
delivering this are too vague. 

‒ Over ten years after the Climate Change Act was passed, there is still no serious plan for 
decarbonising UK heating systems and no large-scale trials have begun for either heat 
pumps or hydrogen. 

‒ Carbon capture (usage) and storage (CCUS), which is crucial to the delivery of net-zero 
GHG emissions and strategically important to the UK economy, is yet to get started. While 
global progress has also been slow, there are now 43 large-scale projects operating or 
under development around the world, but none in the UK. 

‒ Afforestation targets for 20,000 hectares/year across the UK nations (due to increase to 
27,000 by 2025), are not being delivered, with less than 10,000 hectares planted on 
average over the last five years. The voluntary approach that has been pursued so far for 
agriculture is not delivering reductions in emissions. 

• Challenges that have not yet been confronted must now be addressed by government. 
Industry must be largely decarbonised, heavy goods vehicles must also switch to low-carbon 
fuels, emissions from international aviation and shipping cannot be ignored, and a fifth of 
our agricultural land must shift to alternative uses that support emissions reduction: 
afforestation, biomass production and peatland restoration. Where there are remaining 
emissions these must be fully offset by removing CO₂ from the atmosphere and permanently 
sequestering it, for example by using sustainable bioenergy in combination with CCS. 

• Clear leadership is needed, right across Government, with delivery in partnership with 
businesses and communities. Emissions reduction cannot be left to BEIS and Defra or to 
the Treasury. It must be vital to the whole of government and to every level of government 
in the UK. Policies must be fully funded and implemented coherently across all sectors of the 
economy to drive the necessary innovation, market development and consumer take-up of 
low-carbon technologies, and to positively influence societal change.  

698  



 
 

    
 
176         Net Zero - The UK’s contribution to stopping global warming   |   Committee on Climate Change 

 

This chapter is set out in five sections: 

1. The transition to a net-zero emissions economy 
2. What is needed to underpin delivery of net-zero emissions in the UK 
3. High-level policy implications for delivering net-zero emissions 
4. Policy pre-conditions of a net-zero target 
5. Implications for policy made in Scotland, Wales and Northern Ireland 

1. The transition to a net-zero emissions economy  
Chapter 5 presents a quantitative picture of how net-zero emissions could be achieved in the 
UK. Delivering this will require concerted policy action over the next three decades across every 
emitting sector of the economy. It is essential that this includes stronger actions in the near term 
to put the UK on track towards net-zero emissions by 2050. 

This section considers the constraints on how quickly the transition could happen and what this 
means for near-term actions. 

(a) Limiting factors on the rate of decarbonisation 

There are various constraints on how quickly a transition to net-zero emissions can occur 
without major disruption. The time needed for development of markets, supply chains and 
infrastructure, as well as innovation and turnover of the capital stock limit the rate of 
decarbonisation that can be achieved as a smooth transition and without the need to write off 
substantial parts of the capital stock (e.g. vehicles, heating systems, industrial plants): 

• Development of markets and skilled supply chains. Society cannot immediately switch 
universally from buying current technologies to new ones. There are constraints relating to 
people’s awareness of the newer technologies and the capacity of supply chains to supply 
and/or install them. It takes time to develop a market for electric cars until the point is 
reached when all new vehicles are electric. It is not feasible to ramp up installation rates of 
heat pumps straight away to the current level of gas boiler sales (over a million per year) 
from the current level of 20,000 per year, not only due to the lack of market development but 
also because there are not enough qualified heat pump installers. 

• Infrastructure development. Some low-carbon technologies require supporting 
infrastructure - new networks (e.g. hydrogen or CO₂ networks) or expansion of the capacity 
of existing grids (e.g. strengthening electricity distribution grids to support electric vehicles 
and heat pumps). The lead-times for planning and delivering this infrastructure - particularly 
for new infrastructure - constrains the deployment rate of technologies that rely on it. 

• Innovation. The costs of mass deployment of low-carbon technologies can depend heavily 
on whether efforts have been made to reduce the technology costs for roll-out at very large 
scale. Implementing policies prior to very widespread roll-out that aim to bring down costs, 
including ‘learning-by-doing’ via deployment, can reduce the costs of later deployment 
significantly.  

• Stock turnover. Even once the market moves to selling only low-carbon technologies (e.g. 
vehicles or heating appliances) it still takes time to turn over the capital stock so that these 
technologies are taken up by all users. Typical turnover rates can be around 15 years for 
vehicles and boilers, with shorter times for heavier vehicles and longer elsewhere (e.g. 
industrial sites, aircraft). It is possible to reduce the time for capital stock turnover through 
extensive early write-off of assets (i.e. 'scrappage') but this comes with additional costs 
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particularly for capital-intensive technologies (e.g. higher costs for cars than for boilers, as 
cars have substantially higher capital costs). It may also cause a more disruptive transition as 
supply chains must scale up beyond the normal turnover rate and then scale back down 
again. 

• Natural systems. Outside the energy system, the date for net-zero emissions also affects the 
contribution that different options can make to achieving it. For example, while we can move 
quickly to higher rates of tree planting (e.g. 30,000 hectares per year, compared to less than 
10,000 recently), the impact of these on carbon sequestration builds up over time as the 
cumulative amount of planting grows and as younger trees mature (e.g. at 30,000 hectares 
per year, sequestration would increase by around 5 MtCO2 in a decade).  

The scenarios we set out in Chapter 5 are constructed with these constraints on the potential 
speed of decarbonisation in mind. They reflect the need to develop markets and supply chains, 
and build up deployment so as to benefit from learning in the early phase. They do not assume a 
significant role for scrappage. 

If the scenarios are to be delivered by 2050, consistent with reaching net-zero greenhouse gases 
(GHGs) by that date, there must be timely near-term action, including provision of supporting 
infrastructure and development of policies to deliver action. 

(b) Key near-term actions to put the UK on track to net-zero GHG emissions by 2050 

Without strong near-term action (Figure 6.1), it would quickly become infeasible to decarbonise 
sufficiently to reach net-zero GHG emissions by 2050 without resorting to major scrappage 
schemes and/or much greater disruption to lifestyles, which may not be deliverable. 

Based on the Further Ambition scenario presented in Chapter 5, there is a set of required near-
term actions that are on the 'critical path' towards achieving net-zero emissions by 2050: 

• Afforestation. Reaching the necessary level of CO₂ removal through afforestation by 2050 
requires an early and sustained increase in tree-planting rates. These must increase from 
current rates below 10,000 hectares per year to at least 30,000 hectares per year. 

• Buildings. Major improvements are required to the energy efficiency of buildings, in order to 
improve comfort levels, lower energy bills and prepare the building stock for a switch to low-
carbon heating. Retrofit of hybrid heat pumps, enabling continued use of existing boilers 
and radiators, could sensibly be done alongside energy efficiency improvements in many 
cases. 

• Public engagement. 

‒ Healthy lifestyle choices. People can take action immediately to improve their diet and 
increase the amount of walking and cycling they do. The Government must engage with 
people over why and how they can make these improvements, and take supporting 
actions (e.g. ensuring that road infrastructure encourages people to view cycling as a safe 
option). 

‒ Future of heating. Currently the general public has a low awareness of the need to 
move away from natural gas heating and what the alternatives might be. There is a 
limited window to engage with people over future heating choices, to understand their 
preferences and to factor these into strategic decisions on energy infrastructure. This is 
especially important if solutions to heat decarbonisation could differ in different parts of 
the UK. 
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• Market development. Accelerated take-up of technologies is needed in the 2020s, for 
example rapid electrification of transport and heating accompanied by the growth of 
charging infrastructure for electric vehicles and strengthening of electricity networks: 

‒ Electric vehicles. The need to switch the entire fleet of light-duty vehicles to ultra-low-
emission vehicles (ULEVs) by 2050 means that by 2035, at the very latest, all sales of new 
cars and vans will need to be ULEVs. If possible, an earlier end to sales of petrol and diesel 
vehicles would be preferable (e.g. by 2030 if feasible), as this will have lower financial 
costs, lower cumulative CO₂ emissions and lead to better air quality. This means a rapid 
ramping up of the market share of EVs, from around 2% today, during the 2020s. 

‒ Heat pumps are an established solution in many other countries, but not yet in the UK. 
Establishing them as a mass-market solution will take some time, with strong progress 
required during the 2020s. There are particular opportunities in new-build properties, 
homes off the gas grid, non-residential buildings and hybrid heat pump systems 
retrofitted around existing gas boilers. 

• Power sector decarbonisation. More rapid electrification must be accompanied with 
greater build rates of low-carbon generation capacity, accompanied by measures to enhance 
the flexibility of the electricity system to accommodate high proportions of inflexible 
generation (e.g. wind). The Energy White Paper planned for 2019 should aim to support a 
quadrupling of low-carbon power generation by 2050. While key options like offshore wind 
look increasingly like they can be deployed without subsidy, this does not mean they will 
reach the necessary scale without continued Government intervention (e.g. continued 
auctioning of long-term contracts with subsidy-free reserve prices). 

• Hydrogen and CCS. In order to develop the hydrogen option, which is vital in our scenarios, 
significant volumes of low-carbon hydrogen must be produced at one or more CCS clusters 
by 2030, for use in industry and in applications that would not require initially major 
infrastructure changes (e.g. power generation, injection into the gas network and depot-
based transport). More broadly, plans for early deployment of CCS must be delivered with 
urgency - CCS is a necessity not an option for reaching net-zero GHG emissions. 

• Infrastructure. Development of new infrastructure will be important in opening up new 
avenues for decarbonisation, for example CCS and hydrogen. Expansion of electric vehicle 
charging networks and electricity grid capacity will be important in facilitating strong growth 
in electric vehicles. Decisions will be required on the future pathways for heating buildings 
and decarbonisation of heavy goods vehicles during the 2020s, with important implications 
for infrastructure roll-out.  

• Bioenergy with CCS. Deployment of sustainable bioenergy with CCS (BECCS) will need to 
start sufficiently early (e.g. by 2030) to build up to a potentially large contribution from 
BECCS in the longer term. 

We discuss what is required to deliver each of these over the remainder of this chapter.  
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Figure 6.1. The transition implied in our Further Ambition scenario over the period to 2050 

 

 

2. What is needed to underpin delivery of net-zero emissions in the UK 
Achieving net-zero emissions in the UK has important implications for required investment and 
finance, decisions over infrastructure, innovation and the role of societal change. We set out 
those implications in this section. 

(a) Investment and financing  

Delivering net-zero emissions will involve increased investments, generally offset by reduced 
fuel costs. For example, wind and solar farms are costly to build, but avoid the need to pay for 
gas and coal; energy efficiency involves an upfront cost followed by reduced energy use. CCS 
and hydrogen are clear exceptions, requiring both increased upfront spend and higher fuel 
costs. 

Precise investment needs are difficult to predict in advance - they will depend on the mix of 
technologies deployed to achieve a net-zero target and on their future costs (see sections on 
innovation in this chapter, 2(c), and in Chapter 7).  

Capital cost increases in our scenarios are highest for the power and buildings sectors. Power 
sector annual investment rises to around £20 billion. Investment in buildings is around £15-20 
billion higher in 2050 than it would have been without decarbonisation (the precise figure will 
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depend on the mix of technologies deployed). By comparison, investment in the power sector 
averaged around £10 billion over 2013-2017. In total there is an extra investment requirement 
across the economy of around 1% of GDP in 2050. 

The additional investment requirements for decarbonisation would either result in reallocating 
some of the UK's capital investment into low-carbon assets or increasing capital investment. 
Annual capital investment in the UK has fluctuated between 15-24% of GDP over the last 30 
years, highlighting that changes in annual investment of a few percentage points of GDP is 
something the economy has adjusted to in the past. 

Some of this investment will come from Government funds, but the volume of additional 
investment required means that the private sector will need to contribute a significant 
proportion. Investable propositions (i.e. with suitable risk-return criteria to appeal to the private 
sector) will be needed to bring in the required volume of capital at a relatively low cost. 

Beyond providing direct funding, Government has a role in facilitating private sector investment: 

• Some mechanisms for this already exist - Government's success in encouraging private 
sector investment in offshore wind through the Contracts for Difference scheme is an 
example where good policy design, with appropriate risk allocation, has helped reduce costs 
of capital - but more action will be needed to further increase investment in low-carbon 
technologies. 

• Government has already recognised the need to develop the UK's green finance capabilities 
in its Clean Growth Strategy and through the creation of the Green Finance Task Force. It will 
be important to carry out proposals recommended by the Task Force160 (e.g. developing 
green mortgage products that value energy-efficient properties, developing new green 
lending products, creating an investment fund to support early-stage low-carbon 
technologies). 

• Government has a role in reducing the policy risk element of financial risk. Setting out clear 
and stable long-term goals and signalling Government commitment to a net-zero target, as 
well as a commitment to policies and projects to achieve it, can reduce policy risk and 
consequently reduce risk premiums and the costs of financing low-carbon investment. 

• Policy should also encourage a smooth transition of investment from high-carbon to low-
carbon assets to minimise financial risks (see Chapter 7 for more on financial risks of climate 
change) and wider policies that encourage investors to prioritise low-carbon investments 
could be helpful (e.g. mandatory disclosure of exposure to climate risks). 

• To limit the required scale of investment, market mechanisms should reward options that 
use energy relatively efficiently, in order to limit costs and build requirements for low-carbon 
capacity (see section 4(e)). 

Government success in providing clear and stable mechanisms that attract sufficient volumes of 
low-cost capital will be key to the overall success in reaching a net-zero GHG target, given the 
importance of capital-intensive options. It will also be key to minimising costs for consumers and 
taxpayers and to making the most of the business opportunities that the transition can bring.  

                                                           
160 Green Finance Task Force (2018) Accelerating Green Finance. 
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(b) Infrastructure development and decision points 

Achieving net-zero emissions will require new infrastructure. In many areas, electricity networks 
will need to be strengthened. Just how much infrastructure will need to be developed in each 
sector will depend on decisions on the pathway to achieving net-zero emissions. However, given 
an understanding of lead-times for technology uptake and infrastructure development we can 
set out a timeline of when decisions will be required and when the infrastructures will need to 
be in place: 

• Carbon capture and storage (CCS). It is clear that reaching net-zero GHG emissions will 
require important contributions from CCS in industry, for hydrogen production, combined 
with bioenergy (e.g. for power generation) and in flexible fossil-fired power generation. This 
could require 75-175 MtCO₂ stored annually by 2050. 

‒ Given the large amount of CCS required by 2050, long lead-times for CO₂ infrastructure 
(especially CO₂ storage) and infrequent refurbishment rates in industry, developing 
regional 'cluster'-based infrastructure is on the critical path for achieving net-zero 
emissions. As well as enabling industrial CCS, it will also provide the opportunity for low-
carbon hydrogen for industry, which we expect to be most cost-effectively produced 
with CCS.  

‒ CO₂ infrastructure development should start as early as possible, and will need clusters in 
all areas with large industrial emissions (see section 4(a)). At least one CCS cluster should 
be operational by 2026 and the others following soon after (e.g. by 2030). Delayed 
availability of CO₂ transport and storage infrastructure may mean higher industry 
emissions in 2050 and/or a greater role for scrappage, increasing costs. 

‒ It will be important for BEIS161 (working with industry) to identify when those industrial 
sites that require CCS by 2050 would need to fit CCS in order to align to their 
refurbishment cycles, and what that implies for the dates by which CO₂ transport and 
storage infrastructure needs to be available for different clusters. 

• The gas distribution grid and use of hydrogen. Hydrogen has the potential to replace 
fossil fuels in areas where electrification may reach limits of feasibility and cost-effectiveness: 
industrial heat, heat for buildings on colder winter days (e.g. as part of a hybrid heating 
system), back-up power generation and heavy-duty vehicles. Moving beyond an 80% target 
changes hydrogen from being an option to an integral part of the strategy. Gas distribution 
networks will not be able to continue to provide natural gas on a widespread basis by 2050 - 
they will either need to be decommissioned or, if feasible, repurposed to hydrogen. 
Decisions will be required from the mid-2020s on the balance between electrification and 
hydrogen in decarbonising heating, and the implications for gas networks (Figure 6.2). 

• Infrastructure for zero-emission vehicles. 

‒ Cars and vans. Electric cars and vans will reach parity with petrol and diesel vehicles on a 
social basis162 during the 2020s (see section 4(b)) - charging infrastructure should be 
developed in a way that enables a rapid transition to EVs. By 2030, at least 1,200 rapid 
chargers near major roads and 27,000 chargers around local towns and regions are likely 
to be required to meet current service levels. Although this would provide good 

                                                           
161 The Department for Business, Energy and Industrial Strategy. 
162 The analysis on a social basis is without taxes, so ignores the further consumer benefit that EVs do not pay fuel 
duty. 
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coverage, further installations will be required after 2030, to keep pace with the 
increasing size of the electric vehicle fleet as the stock turns over. 

‒ Heavy goods vehicles (HGVs). To reach net-zero emissions by 2050 it will be necessary 
for HGVs to move away from combustion of fossil fuels and biofuels to a zero-emissions 
solution (e.g. hydrogen, battery vehicles). Given the current evidence on lead-times for 
infrastructure and the time taken to turn over vehicle stocks, the government will need to 
make decisions how HGVs will be decarbonised in the second half of the 2020s. This will 
necessitate small-scale trial deployments of hydrogen HGVs in a variety of fleets prior to 
this, in the UK or elsewhere. As HGVs need to travel internationally, the eventual choice is 
likely to need to be consistent with equivalent decisions made elsewhere in Europe. 

• Electricity networks. Given important roles for electrification in both transport and heat, 
electricity demand will rise in most areas. Solutions that enhance system flexibility (e.g. smart 
charging of vehicles and hybrid heat pumps), will be important in ensuring that demand 
peaks are manageable and enabling maximum use of renewable generation. Many networks 
will need to be upgraded in a timely manner and future-proofed to limit costs and enable 
rapid uptake of electric vehicles and heat pumps: 

‒ The cost of upgrading distribution network capacity is relatively insensitive to the size of 
the capacity increase, as most of the cost is in the civil works rather than the equipment 
(e.g. larger cables).163  

 It is essential, therefore, that when grid capacity is increased, this is to a sufficient 
level to avoid having to upgrade the capacity again prior to 2050. 

 A relatively large expansion in capacity is likely to have low regrets, 'future-proofing' 
the network to enable greater electrification if necessary and/or enabling demand to 
respond more readily to variations in low-carbon electricity supply. 

‒ As electric vehicles are likely to be cost-saving by 2030 (see section 4(b)), it is important 
that grid capacity constraints do not impede their growth in the 2020s. It will therefore 
be important either to make anticipatory investments to upgrade electricity networks 
and/or to re-open the allowed investment partway through the 2023-2028 regulation 
period (i.e. RIIO ED2) to ensure timely upgrades. 

‒ Transmission network capacity will need to keep pace with developments on generation 
(e.g. large-scale offshore wind) and interconnections, and with the need to ensure that 
peak demand can be met reliably in all areas on still days as well as on windy days.  

These infrastructure developments will not occur without government leadership. The 
Government, in partnership with the National Infrastructure Commission, should give urgent 
consideration to how the required infrastructure can best be identified, financed and delivered. 
Regional coordination will be required, including for transport where powers are devolved. 
 

                                                           
163 Vivid Economics and Imperial College (2019) Accelerated electrification and the GB electricity system. 
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Figure 6.2. Timing of key decisions and changes to deliver the net-zero scenarios for buildings 

Source: CCC (2018) Hydrogen in a low-carbon economy. 
Notes: 'Low-regret' actions are those that the Committee has recommended should be pursued immediately, 
with subsequent decisions to be made by the mid-2020s on the respective roles of hydrogen and electrification 
in on-gas buildings. The 'hybrid first' timeline proposed in the Hydrogen report would entail pursuing 
widespread deployment of hybrid heat pumps in on-gas properties in parallel to the low-regret actions, with 
decisions how to achieve full decarbonisation potentially to come slightly later. 

(c) The importance of innovation 

Innovations in the decade since the Climate Change Act was passed already mean that the 
Committee's estimates of the cost of reducing emissions by 80% on 1990 levels are now 
estimated to be less than 1% of GDP by 2050, compared to 1-2% of GDP estimated in 2008. This 
reflects rapid falls in the costs of renewable power generation technologies and batteries, as well 
as a better understanding of the wide range of ways in which deep decarbonisation can be 
achieved (see Chapter 7).  

Innovation is not limited to technologies, it also cover institutions, business models, policy 
designs and behaviours. 

The dramatic reductions in offshore wind costs during this decade, due to deployment led by 
the UK, highlight the value of 'learning by doing' in achieving cost reductions via deployment, 
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Substantial energy efficiency 
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(heat networks, off-grid heat pumps)
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Previous decision / roll-out timeline 

Low-regret actions

Decisions on how to decarbonise 
on-gas buildings fully

Roll-out for on-gas buildings of 
hydrogen and/or full heat pumps

‘Hybrid first’ timeline 

Roll-out of hybrid heat pumps in 
on-gas buildings
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including the importance of good policy design, rather than relying only on research and 
development. As well as reducing future costs of UK decarbonisation, UK deployment of less-
mature technologies also reduces the costs for other countries, making global action to tackle 
climate change more tractable.  

Moving to a net-zero GHG target for 2050 makes deployment of known solutions all the more 
important, including an important role for less-mature technologies. In addition to supporting 
research and development (R&D) on innovative solutions, policy will need to drive innovation 
via deployment to reduce technology costs and costs of capital, and to ensure that policy 
mechanisms and infrastructure provide opportunities for deployment of novel solutions: 

• Learning-by-doing. In many cases, the biggest driver of cost reduction will be deployment
at scale, both through reduced technology costs and reduced cost of capital - both of these
effects have been apparent in the last decade for offshore wind. Policy frameworks will need
to drive deployment of some less-mature solutions, even if these have higher costs than
other low-carbon technologies in the near term.

• Policy design. Market frameworks and regulation each have a role in driving innovation, for
example the Contracts for Difference auctions for power generation and in flue-gas
desulphurisation driven by air quality regulations. There is considerable value in policy
designs that provide certainty over the emissions goal but allow for new solutions, including
through new business models (e.g. heating as a service). Policy should also encourage
'system-level' innovation (i.e. for interactions between different parts of the energy system,
land use and industrial processes).

• Supporting infrastructure development. Many potential innovations will need to interact
with the wider system, including supporting infrastructure. In some cases the infrastructure
already exists (e.g. the electricity grid), but in other cases, such as hydrogen and CCS,
infrastructure is not yet available to provide this support. CCS infrastructure will be important
for innovative removals solutions technologies such as direct air capture of CO₂, in addition
to deployment of CCS in industry, and on fossil and bioenergy generation (see section 4(a)).

The limited amount of time available to develop new technologies means that not all potential 
innovations will be able to make a significant difference by 2050, given the multi-decadal 
timescale for commercialisation of new technologies.164 However, the example of offshore wind 
development shows that these timeframes can be compressed in some cases, which does 
provide scope for well-designed policy to pull through known but undeveloped solutions in the 
time available. 

In areas in which near-full decarbonisation could be achieved with the set of technologies that is 
already established (e.g. power generation, buildings, light-duty vehicles) the focus should be on 
establishing policy frameworks that drive deployment at scale, allowing markets to deliver with 
low cost of capital, while having the flexibility to enable innovative solutions to contribute as 
they become available. 

In some of these areas, although the technologies exist to reduce emissions to very low levels, 
estimated costs of doing so are relatively high (e.g. for heating buildings). Policy frameworks will 
therefore need to be designed in a way that not only drive the necessary decarbonisation, but 
also in a way that gives the best chance of realising and benefiting from cost reductions. 

164 See Vivid Economics and UKERC (2019) Accelerating innovation towards net-zero emissions. 
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There is also a range of areas in which solutions have been proposed, but innovation will be 
required to go beyond the reach of established technologies or methods, such as in hydrogen, 
heavy goods vehicles, and carbon capture and storage. These also require a policy framework 
that enables their value to be realised (recognising that initially some solutions will not be cost-
competitive), provides supporting infrastructure and drives learning-by-doing. 

Costs of some technologies will be driven down via global deployment. For other technologies, 
specific UK policy support could be important, either because the UK needs a particular solution 
that others do not or because the UK is best-placed to develop particular solutions: 

• UK challenges. In many areas of the economy, the UK has similar challenges to other 
countries in decarbonising (e.g. switching the car fleet to electric vehicles). However, in 
others, such as heat decarbonisation, the UK's situation is significantly different. The UK has a 
much more developed gas grid than most other countries, and therefore the nature of the 
challenge and the solutions (e.g. potentially switching grids to hydrogen) may be different. 
In such areas, the UK is likely to need to drive the development of solutions. 

• UK opportunities. Some of the potential for cost reduction in early-stage technology 
deployment comes from deploying infrastructure in the UK in a coordinated and cost-
efficient manner. For example, around half of the cost reductions for CCS come from 
developing CO₂ infrastructure at the right scale and with lower risk than for individual 
projects165 (see section 4(a)) - this cost reduction for UK deployment is directly linked to UK 
action on infrastructure rather than a global effort.  

In addition to the technologies that are important in delivering the Further Ambition scenario, 
there is a range of more Speculative options we have identified as potentially contributing to 
achieving net-zero emissions in the UK. Although some of these require further R&D, they will 
also require deployment support if they are to make a significant contribution by 2050. 

We consider impacts of innovation on estimated costs of decarbonisation by 2050 in Chapter 7. 

(d) Social change 

The scenarios set out in Chapter 5 contain important contributions from social changes, with 
people choosing to behave in different ways. In our 2050 scenarios, the degree of social change 
is not dramatic, but over 60% of the abatement requires some level of change (see Figure 5.4). 
They also imply co-benefits in terms of cleaner air and healthier lifestyles (see Chapter 7). 

There is potential for larger changes than we have assumed, and there may be a need for these, 
depending on delivery of other measures. Changes are important both in choices around 
activities and taking up new technologies: 

• Changes in activities. There are many ways in which choices made by individuals or groups 
can reduce greenhouse gas emissions, some of which have significant co-benefits (see 
Chapter 7): 

‒ Healthier lifestyles. Our Further Ambition scenario involves a 20% shift away from beef, 
lamb and dairy towards healthier diets. This is less than the scale of change supported by 
the government 'EatWell Guide' on achieving a healthier and more balanced diet. 
However, it would require a faster shift than is currently underway. Achieving such a 
change will improve people's health, reduce emissions from UK agriculture and free up 
land that can be used to sequester carbon and/or grow biomass. We also assume a 

                                                           
165 CCS Cost Reduction Taskforce (2013) The potential for reducing the costs of CCS in the UK.  
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significant role for shifting from shorter car journeys to walking and cycling, which also 
provide substantial health co-benefits. 

‒ Constrained aviation demand. Plausible options for how aviation could become zero-
carbon, even by mid-century, are lacking. Given a population that is anticipated to grow 
and rising incomes, some growth in demand is expected. However, this cannot be 
unfettered. We have maintained our previous assumption that demand grows by 60% 
relative to 2005 levels (25% relative to today) by 2050, but latest evidence on the 
opportunities to reduce the carbon-intensity of flying suggest that these should more 
than offset demand growth, leading to an overall fall in emissions of around 20%. 

• Uptake of new technologies. Successfully adopting and using new technologies is an
essential part of reaching net-zero emissions. Decarbonisation of home heating and cars
both require adoption of new technologies, whether electric (i.e. heat pumps and electric
vehicles) or potentially hydrogen (e.g. hydrogen boilers). Smart controls systems (e.g. for
timing of vehicle charging or operation of hybrid heat pumps) will be needed to provide
people with the services they need in a way that fits the requirements of the wider system.

It will also be important for business to embrace the transition to net-zero emissions, supported 
by policy, by taking up low-carbon technologies, driving innovation and developing new 
business models. 

These contributions in a transition towards net-zero emissions depend on Government strategy 
and policy being designed in a way that engages properly with people in a range of ways (see 
section 3(c)). 

The Energy Systems Catapult (ESC) has explored the role of households in a net-zero emissions 
society to accompany this report (Box 6.1), looking at opportunities and challenges for 
households to reduce emissions from today's levels and to support the stretch from an 80% 
emissions reduction to a net-zero GHG target.  

As well as describing a net-zero emissions world for households of different types, the ESC 
looked at average household emissions under different decarbonisation scenarios and the 
options households can take to contribute to the decarbonisation effort. Figure B6.1 shows how 
much UK household emissions have already fallen since 1990, and how much further they need 
to fall to achieve our decarbonisation ambitions. 
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Box 6.1.The role of households in a net-zero emissions society 

Average household emissions fell by more than 40% between 1990 and 2017, from 14.8 to 8.8 tCO2e. 
The current 80% target in the Climate Change Act would already require household emissions to come 
down another 60% to 3.5 tCO2e in 2050. Achieving net-zero emissions requires almost full 
decarbonisation across most sectors. Households' emissions could range between 1.2-1.7 tCO2e 
depending on household choices. Active engagement from households to reduce their carbon 
footprint will be vital to achieve this goal: 

• Heating. Almost all household heating will need to be low-carbon, reducing average heating
emissions to below 0.1 tCO2e in 2050. This will involve changes to the way we heat our homes:

‒ Low-carbon heating systems will replace the natural gas boilers used in most homes 
today. Heat pumps, heat networks and hydrogen boilers could be used. Solutions will 
depend on factors including location (e.g. in urban and therefore heat-dense areas district 
heating could be a good solution) and home type (e.g. in homes with space constraints 
solutions such as smart electric heating, which takes up less space than heat pumps, may 
be preferable). 

‒ Improvements to the fabric of our homes (e.g. insulation, draught proofing, new 
windows) can reduce the rate of heat loss from the building, thereby reducing the amount 
of energy required to maintain a comfortable temperature. Improvements could be 
combined with other home improvements, and energy savings can outweigh costs. 

• Transport. Household transport emissions need to be close to zero in 2050:

‒ Switching to electric vehicles will be essential. Electric vehicles are rapidly falling in price 
and are expected to be cheaper than conventional cars by the mid-2020s (when fuel 
savings are taken into account). Electric cars currently offer an average range of around 150 
miles, which is more than sufficient for most car journeys (average trip distances are 
currently 8-12 miles) but could be a limitation for longer trips. The range of new electric 
vehicles will continue to increase as battery costs fall, ensuring more households can find a 
solution that suits their needs. 

‒ Shifting to more sustainable modes of transport could be a cost-effective alternative to 
private car ownership, depending on location. This could mean more walking and cycling 
(which would also provide health benefits by increasing the amount of physical activity 
people do) or low-carbon public transport (electric buses and trains) for longer journeys. 

• Electricity. Household electricity emissions will also need to be very low in 2050, less than 0.03
tCO2e. Many of the changes to continue reducing electricity emissions will occur on the supply side
(e.g. more deployment of offshore wind) but households can take action by installing renewable
technologies (e.g. solar PV). It will also be important to ensure that electric cars and/or heat pumps
consume electricity smartly, in response to the needs of the grid - with smart systems in the home
and across the grid, this can be automated based on price signals driven by supply and demand.

• Diet and agriculture. Agriculture is one of the largest remaining sources of emissions in our net-
zero scenarios. Mapping of UK agriculture emissions against consumer diets is challenging (as not
all food products produced in the UK are consumed here and much of what we consume is
imported from abroad). However, taking UK agricultural emissions on a per household basis
suggests average household emissions in our net-zero scenarios of between 0.4-0.7 tCO2e in 2050,
down from 1.6 tCO2e today. While increases in the productivity of agriculture will bring down some
emissions from food production, a big part of this reduction relies on household effort:

‒ Shifts towards healthier diets relying less on carbon-intensive animal products (like lamb, 
beef and dairy) would bring down emissions from agriculture in the UK. Transitioning from 
a high-meat diet to a low-meat diet can enable a person to reduce their dietary emissions 
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Box 6.1.The role of households in a net-zero emissions society 

by 35%. Even if reductions in our meat consumption do not translate into proportionate UK 
emissions reduction they would lead to real emissions reduction elsewhere in the world. 

‒ Reducing food waste is a key step that individuals can take to reduce emissions. Currently, 
a significant share of agricultural land is devoted to the production of food that ends up 
being thrown away, often still in an edible state. Around 10 million tonnes of food that 
leaves the farm is wasted each year, with 70% of this being binned within households. This 
equates to consumers spending 14% of their weekly shop on food that goes in the bin.  

• Aviation is the other big contributor to household emissions in our net-zero scenarios. Average
household emissions range from 0.5-0.7 tCO2e (for context, a return flight from London to New
York is currently around 1 tCO2e, half of which will be accounted for in the UK). Although
technology is expected to help reduce emissions to some extent (e.g. aircraft fuel-efficiency
improvements), achieving emissions reduction will require action from households:

‒ Choosing to fly less. Not everyone in the UK flies - Government surveys suggest that half 
of those surveyed had not flown at all in the preceding year. Those who do could replace 
short-haul flights with train journeys and choose to go on fewer long-haul flights. 

‒ Offsetting emissions. In the long term, households that choose to continue to fly will still 
be able to, but their emissions will need to be offset by removing CO2 from the atmosphere 
(see section 4(h)). This could be done directly by the airline, with the cost of offsets added 
to the ticket price. 

Figure B6.1. Household emissions in 1990, 2017 and for different decarbonisation scenarios in 2050 

Source: Energy Systems Catapult (2019) Living Carbon-Free - Exploring what a net-zero target means for 
households. 

Source: Adapted by CCC from Energy Systems Catapult (2019) Living Carbon-Free - Exploring what a net-zero 
target means for households, available at theccc.org.uk 
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3. High-level policy implications for delivering net-zero emissions
The Committee's work since the Paris Agreement has increasingly been looking beyond what is 
needed to achieve an 80% emissions reduction, to achieving deeper decarbonisation. We have 
identified a range of approaches to reducing emissions to very low levels, which close the gap 
towards net-zero emissions. For many, but not all of these, policy development is underway. 
These policies must be strengthened and they must deliver action.  

In moving from the present 2050 target to a net-zero target, the areas that were important as 
options (in case other sectors or technologies underperformed) become areas in which full 
delivery is now required. 

Our expert advisory group on reaching net-zero emissions in the UK highlighted the major 
changes required in the way that policy approaches the low-carbon transition and the need for 
near-term action (Box 6.2). 

The rest of this section is set out in five parts: 

(a) The Clean Growth Strategy provides the right framework for action, but more is 
needed 

(b) Policy must be stable and attractive to business 

(c) People must be engaged in strategies for decarbonisation 

(d) Skills gaps must be closed 

(e) A true cross-Government effort is required 

Box 6.2. The Expert Advisory Group on Reaching Net-zero Emissions in the UK 

The Advisory Group (AG) was appointed to support and critically evaluate independently the 
Committee's analysis of scenarios and policy requirements for achieving net-zero emissions within the 
UK. 

The group’s members were drawn primarily from the academic community and also included 
representatives from business and industry. The group’s chair, Professor Jim Watson of UCL, provided a 
summary report setting out the group's key conclusions, which are as follows:  

1. A transition to a net-zero UK economy is technically achievable. The advisory group’s main concern
is about whether this can be delivered – particularly the ability of government to implement the 
fundamental and wide ranging policy reforms necessary to achieve this goal by 2050. 

2. There is a need for a fundamental change in the UK policy approach to the low-carbon transition –
from the current piecemeal approach that focuses on specific actions in some sectors to an explicitly 
economy-wide approach. This should build on the world-leading Climate Change Act and include: 

• Policy leadership at the heart of government. Whilst BEIS have played an important role so far, for 
example in leading the Clean Growth Strategy, action to reduce emissions cannot be left to one 
government department. HM Treasury needs to take a leading role, so net-zero becomes an explicit goal
of economic policy (alongside other goals such as productivity improvement). Leadership should also
mean a much more active role in delivery for all departments and agencies.

• The promotion of GHG emissions monitoring to the same status as economic monitoring, e.g. by
publishing regular emissions metrics alongside GDP and productivity statistics.
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Box 6.2. The Expert Advisory Group on Reaching Net-zero Emissions in the UK 

• Ensuring that all policy decisions and sectoral strategies are informed by the requirement for them to
contribute to the delivery of net-zero by 2050, e.g. through reforms to the ‘Green Book’. In a net-zero
world there is no room for any sectors to remain ‘untouched’, including agriculture and aviation.

• A flexible and responsive approach to policy that allows quick action and adaptation to take place if
there is insufficient progress towards net-zero.

3. The 2050 target should be implemented as a 100% reduction in GHGs from the UK on a
production basis. This can include a significant contribution from greenhouse gas removal (GGR) options. 

• The use of offsets to achieve a small percentage of required emissions reductions is a possibility, and 
would provide government with some flexibility. Any offsets should support the international transition 
to net-zero.

• When monitoring progress towards net-zero, production and consumption emissions should be
reported at the same time.

4. All options that can help to meet a net-zero target domestically should be explored fully. Single
transition pathways, which rely on all technologies and measures succeeding are too risky and inflexible. 
They do not take into account the inherent uncertainties that lie ahead. The CCC analysis includes 
conservative assumptions about demand reduction. Therefore an important source of flexibility could be 
greater ambition on the demand side. 

5. Net-zero should not simply mean a shift in long-term aspirations, with implementation left to future
governments and generations. It also requires government and other actors to do things differently in the 
next five years. For example: 

• The fundamental policy reforms discussed in recommendation 2 need to start now alongside more 
detailed policies. Whilst prices (including for carbon) matter, the evidence suggests regulations can play
an important role in driving rapid change. This means implementing ambitious, economically-efficient 
regulatory targets to provide long-term visibility to citizens, firms and other decision-makers.

• There is an early opportunity to maximise the use of readily available GGR options including 
afforestation, agroforestry and land management.

• There is also an urgent need to trial, demonstrate and evaluate key technical and social innovations for 
net-zero. Public funding should be prioritised for innovations that can make significant contributions to
achieving net-zero, and where there is potential for UK global leadership and wider economic benefits.
Priorities should include large-scale trials of hydrogen; development of CCS transport and storage 
infrastructure; deployment of BECCS at scale; scaled up demonstrations of direct air capture; and trials 
of innovations to reduce emissions from aviation.

6. The costs and benefits of a transition to net-zero, including distributional impacts, require much
more attention. This includes maximising the economic opportunities to the UK (e.g. by building leading 
positions in key industries of the future) and the global leadership benefits of being an early adopter of a net-
zero target (e.g. via climate diplomacy and expertise on the policy and regulatory reforms required). 
However it is also essential to ensure the UK implements a ‘just transition’ to net-zero so that costs and 
benefits are fairly shared between income groups, industries and regions – as well as between current and 
future generations. 

Source: Adapted by CCC from Advisory Group report on Reaching Net-zero Emissions in the UK, available at 
theccc.org.uk 
Notes: The advisory group was chaired by Prof Jim Watson (UCL) and included Dr Naomi Vaughan (University of 
East Anglia), Prof Peter Taylor (University of Leeds), Michelle Hubert (independent) and George Day (Energy 
Systems Catapult). 
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(a) The Clean Growth Strategy provides the right framework for action, but more is 
needed 

The fourth and fifth carbon budgets (for 2023-27 and 2028-32) are on the cost-effective path to 
meeting the existing 80% target for 2050. The Government's Clean Growth Strategy (CGS) sets 
out ambitions in a number of important areas, and while policy is not yet on track to meeting 
those budgets, it remains possible to do so. 

In the CGS and subsequently, policy development has begun for many of the components 
needed to reach net-zero GHG emissions: 

• Low-carbon power generation. The Contracts for Difference signed to date for low-carbon 
generation, plus the aim in the Offshore Wind Sector Deal to deploy 30 GW of offshore wind 
by 2030, are important steps in power sector decarbonisation. Consistently strong 
deployment of low-carbon generation will be needed in order to quadruple low-carbon 
supply by 2050 (e.g. including at least 75 GW of offshore wind). 

• Buildings. The recent announcement in the Spring Statement that new homes from 2025 
will be highly efficient and will have low-carbon heating from the outset is welcome and 
must be delivered in full. The CGS stated ambitions for all existing homes to reach EPC band 
C by 2035 - important in order to reduce energy bills, reduce fuel poverty and increase 
suitability for low-carbon heating - and to phase out the installation of fossil fuel heating 
systems in properties off the gas grid. The CGS also acknowledged the need to make 
decisions in the first half of the 2020s about low-carbon heating for on-gas properties.  

• Electric vehicles. The Government's Road to Zero strategy states an intention to end the sale 
of new conventional petrol and diesel cars and vans by 2040, with an expectation that the 
majority of new cars and vans sold in the UK will be zero emission by 2040 and that all new 
cars and vans will then have significant (but unspecified) zero-emission capability.  

• Carbon capture usage and storage (CCUS). The CGS committed to deploying CCUS at scale 
in 2030s, subject to cost reductions. BEIS published its CCUS Deployment Pathway in 2018, 
designed to enable the development of the first CCUS facility in the UK, commissioning from 
the mid-2020s. Further publications are planned in 2019, on delivery and investment 
frameworks; shared industrial CO₂ infrastructure; and barriers to CCUS deployment. 

• F-gases. The CGS committed the UK to ensuring that F-gases reduce by at least as much as 
required under the EU F-Gas Regulation, delivering a reduction of 68% in F-gas emissions 
between 2015 and 2030. Further reductions will be required in order to reduce F-gas 
emissions to near zero by 2050. 

• Afforestation. Existing tree-planting targets across the UK already amount to 27,000 
hectares per year. However, current levels are only around one-third of the targets. A sharp, 
sustained increase in afforestation is essential in order to deliver natural greenhouse gas 
removals at the necessary levels by 2050. 

• Agriculture. The Agriculture Bill currently being considered by the UK Parliament aims to 
reward farmers for provision of public goods as it replaces the subsidy schemes currently in 
place under the EU Common Agricultural Policy. This could be used to promote the uptake 
of low-carbon farming practices and to encourage transformational land use change in line 
with our Further Ambition scenario. 

The Clean Growth Strategy therefore provides a good foundation for the further action needed 
for a net-zero GHG target. However, there was little policy detail in the CGS on how ambitions 
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are to be delivered. The policies must be strengthened and they must deliver action. We set out 
key elements of what is required in section 4. 

(b) Policy must be stable and attractive to business 

Reaching net-zero emissions in the UK will require high levels of investment in zero-carbon 
technologies, considerable development and expansion of infrastructure, and innovation to 
reduce costs and improve the performance of low-carbon technologies. Its delivery relies on 
businesses being able to invest, which in turn requires that they have confidence that they can 
earn a reasonable return.  

However, a long-term target - even one in legislation - is not sufficient to provide this 
confidence. It is essential to have clear, strong, effective policies. We have heard a strong 
message from business stakeholders, both in discussions and through responses to our Call for 
Evidence,166 about the value of policy stability and long-term clarity on the regulatory landscape 
in enabling them to invest at acceptably low levels of risk.  

Moving from an 80% target to one for net-zero GHG emissions would provide Government with 
an opportunity to improve clarity over the extent of decarbonisation required in each part of the 
economy, without removing flexibility in how those emissions reductions are achieved: 

• Clarity on objectives. Given the more stretching nature of a net-zero target, there are 
considerably fewer degrees of freedom in how to meet it. While this has some downsides, it 
should enable government to set out more clearly the role of each sector in achieving overall 
net-zero emissions. For example, while the Clean Growth Strategy identified three pathways 
to the current 2050 target based around electrification, hydrogen or greenhouse gas 
removals, all of these will be needed for a net-zero GHG target. 

• Maintaining flexibility on delivery. Being clear on the level of emissions in each sector 
does not require the government to impose specific technological (or other) solutions, which 
could stifle innovation and lead to suboptimal solutions. Policies can be structured to be 
prescriptive about outcomes (e.g. specific levels of emissions reductions) without pre-
determining the means with which these outcomes are achieved. 

Greater ambition by 2050 means that the pace of action becomes even more important. This 
implies an important role for regulation in providing clear investment signals, which need to be 
provided in advance to allow businesses to prepare, and in ensuring that the required emissions 
reductions occur at the necessary rate. It also means that Government will need to take on some 
risk where necessary (e.g. on infrastructure development), to unlock opportunities for private-
sector investment. 

(c) People must be engaged in strategies for decarbonisation 

To date, much of the success in reducing UK emissions has been invisible to the public. The 
halving of power sector emissions between 2012 and 2017 was delivered through the 
deployment of renewables, reducing coal-fired generation through carbon pricing and reduced 
demand through product standards. It did not require significant changes to how people use 
electricity. Mandating more efficient condensing boilers since 2005 has reduced buildings 
emissions alongside reducing energy bills, without changing how people heat their homes.  

                                                           
166 See www.theccc.org.uk/publication/building-a-zero-carbon-economy-call-for-evidence/ for all responses to the 
Call for Evidence. 
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However, while such policy approaches have been successful in some cases, they have allowed 
emissions reduction to proceed in a way that has not required mass engagement. Reaching net-
zero emissions will require more involvement from people: 

• Over 60% of the abatement in our net-zero scenarios to 2050 involve some degree of change 
from consumers (e.g. driving an electric car, or installing a heat pump instead of a gas boiler). 

• 10% of the abatement is driven by consumer choices - shifting more quickly towards 
healthier diets, reducing growth in aviation demand and choosing products that last longer 
and therefore improve resource efficiency. 

It will not be possible to get close to meeting a net-zero target without engaging with people or 
by pursuing an approach that focuses only on supply-side changes: 

• At the moment, while the public are generally supportive of action to tackle climate change 
(Box 6.3), people who wish to reduce their impact on emissions are not provided sufficient 
support to make decisions that achieve this. People will need help to make low-carbon 
choices, both in terms of avoiding high-carbon activities and in adopting low-carbon 
technologies (see section 2(d)). This will require making low-carbon choices more available, 
provision of information, trials to see what works and policy that learns by doing (Box 6.4). 

• Some of the difficult decisions that will be required, (e.g. on the balance of electrification and 
hydrogen that replaces natural gas heating), will only be possible if people are engaged in a 
societal effort to reach net-zero emissions and understand the choices and constraints. 

• The transition will necessitate a shift in employment, away from some inherently high-
emitting activities (e.g. fossil fuel supply) to highly-skilled jobs to deliver the emissions 
reductions required. A strategy will be needed to ensure a just transition across society, with 
vulnerable workers and consumers protected (see Chapter 7). 

There is currently no government strategy to engage the public in the transition to a low-carbon 
economy. This will need to change. People should understand why and what changes are 
needed, see a benefit from making low-carbon choices and have access to the information and 
resources required to make the change happen. The engagement strategy should recognise the 
importance of co-benefits, for example the Department for Health has an important role in 
promoting healthier choices on diet and replacing short car journeys with walking and cycling, 
which improve people's health and reduce emissions. 
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Box 6.3. Public support for a net-zero emissions target in the UK 

There is growing public concern about climate change, alongside increasing support for more 
ambitious climate action: 

• According to a 2018 poll by Opinium and Bright Blue, 75% of people are either fairly or very
concerned about climate change. 64% of UK adults agree the UK should aim to cut its emissions to
zero over the next few decades, while 63% agree that the UK should be a global leader in tackling
climate change.

• A large majority of UK households (90%) believe the UK should cut its emissions at least as quickly
as other countries. In an earlier poll by Bright Blue, climate change was found to be the top issue
that 18-28 year olds want to hear senior politicians address.

• According to a 2018 Public Attitudes Tracker poll by Government, support for onshore wind is at an
all-time high of 76%, with people 15 times more likely to strongly support it than strongly oppose
it. Solar has also hit an all-time high, with 87% of people supporting it. 65% of the public would be
happy to live within five miles of a wind project, especially if projects are community-owned.

However, the polling by Bright Blue showed a disconnect between public concern about climate 
change and an understanding of what is required to reduce emissions across the UK economy. In order 
for the UK public to transition fully to a net-zero society, meaningful engagement and clear guidance 
from Government is likely to be required. 

Source: BEIS (2018) Energy and Climate Change Public Attitude Tracker; Opinium and Bright Blue (2018) Poll on 
Public attitudes to UK climate leadership – Ten years since the Climate Change Act. 
Notes: The sample size for the 2018 Bright Blue poll was 4,007 UK adults. Polling was undertaken by Opinium 
through online interviews and conducted between 28th February and 5th March, 2018. 

Box 6.4. How policy can help people make low-carbon choices 

The Committee appointed Dr. Richard Carmichael from Imperial College London to work with us on 
understanding the potential for people to make choices that can contribute to reducing emissions, and 
what this means for policy. His report on Behaviour Change, Public Engagement and Net-zero is 
published alongside this report, and identifies a number of policy implications: 

• If the public are to become engaged with the climate challenge and contribute to achieving net-
zero emissions then the wider policy context will also need to be more supportive. New,
compelling narratives will be needed to inspire and mobilise mainstream participation in solutions,
adoption of technologies and change in behaviours.

• Government must create a wider context which nurtures public engagement with action on
climate change and must also enable consumers to take specific concrete actions that deliver large
emissions reductions.

• These changes need not be expensive and can deliver large co-benefits, to health and beyond, but
they are unlikely to happen rapidly unless policy first removes obstacles to change in markets and
different consumer choices.

• Predicting the levels of change that will be delivered by these interventions is very difficult. Policy
to deliver rapid societal change and technology adoption is uncharted territory and inherently
subject to uncertainty. Government will need to take a pragmatic approach and learn by doing.

• Policies will need to work together and in sequence to deliver change in behaviours and markets,
avoid negative outcomes and build public acceptance. Access to attractive and affordable
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Box 6.4. How policy can help people make low-carbon choices 

products and services, and support for informed choices and for new industry practices, should be 
in place wherever possible before interventions which raise prices for essential goods 

• Data and information and communications technology (ICT) have emerged as important assets
and tools for enabling consumers to make informed decisions about technology adoption (e.g.
electric cars and hybrid heat pumps). There is potential across both energy and food for providing
consumers with product information and feedback on purchasing habits (e.g. on diet) and for
delivering change at the system level.

The report, published alongside this advice, sets out a range of policy interventions that could 
encourage changes across surface transport, aviation, heating and diet change. 

Source: Carmichael (2019) Behaviour Change, Public Engagement and Net-zero, available at www.theccc.org.uk 

(d) Skills gaps must be closed 

The Government has recognised the importance of developing skills in its Industrial Strategy 
and sector deals. These, and the other levers available to the Government, should be used to 
tackle any skills gaps that would otherwise hinder progress.  

Our previous work has particularly identified a skills gap in building design, construction and in 
the installation of new measures: 

• Our scenarios include substantial deployment of measures such as heat pumps and wall
insulation. However, in both of these critical areas deployment has stalled.

• Alongside increasing uptake, the low-carbon skills gap must be tackled if we are to deliver
homes which maintain comfort levels for occupants, and do so affordably, whilst reducing
emissions. Whilst skills will need to be developed across the new build and retrofit sectors,
particular challenges exist for some segments of the stock, such as heritage buildings where
different approaches may be needed.

• Support to train designers, builders and installers is urgently needed for low-carbon heating
(especially heat pumps), energy and water efficiency, ventilation and thermal comfort, and
property-level flood resilience.

We have not undertaken a comprehensive review of the skills required to meet our new net-zero 
scenarios. However, it is clear that there will be a sizeable challenge given the rapid changes 
involved. Some areas have overlaps with existing industries that would decline as emissions are 
reduced (e.g. CCS and the oil and gas sector).  

The Industrial Strategy and the sector deals provide one opportunity to address the skills 
challenge. The ongoing overhaul of technical and vocational training presents another 
opportunity. Regional skills assessments will also be critical (e.g. through the Skills Advisory 
Panels). 

(e) A true cross-Government effort is required 

Emissions reduction must be embedded meaningfully in the objectives of the key Ministerial 
departments - and at each level of government in the UK, so policy decisions can have the 
greatest impact. It must also be integrated with businesses and society at large. 
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Since many of the solutions cut across systems, fully integrated policy, regulatory design and 
implementation is crucial. That may require new frameworks, for example to ensure that 
departments, other than BEIS alone, sufficiently prioritise net-zero GHG emissions. Policy teams 
across departments must be sufficiently resourced to develop and implement the changes 
required. 

Reaching net-zero emissions will require action across the economy, and across responsibilities 
of a wide range of government actors, at different levels and with different responsibilities. They 
will all need to embrace the challenge: 

• HM Treasury. The strategic question of how to pay for the remaining economy-wide 
decarbonisation must now be confronted. Treasury has previously sanctioned the large 
annual spend that has driven deployment and cost reduction for renewables in the power 
sector. Those costs will decline to 2050, but others (e.g. for heating and industry) will rise. We 
therefore recommend that Treasury conducts a review of how the costs of achieving net-
zero emissions are distributed and the benefits returned across the various integrated 
sectoral challenges. This will require consideration of how costs fall on consumers, the fiscal 
impacts, risks of competitiveness effects and the impacts of decarbonisation across the 
whole economy. We set out our evidence on these in Chapter 7. The review should make an 
integrated assessment of the full range of policy levers, including carbon pricing, taxes, 
financial incentives, public spending, regulation and information provision.  

• UK government departments. Most obviously, action at UK government level will be 
required by those departments with lead responsibility for one or more of the emitting 
sectors (i.e. BEIS on energy and industry, MHCLG on buildings, DfT on transport and Defra 
on waste, agriculture and land use).167 However, other departments will be important to 
deliver the full range of changes that will be necessary. For example the Department for 
Health has an important role in raising awareness and increasing public engagement on 
action to reduce emissions and the Department for Education has a key role on skills. 

• The Governments of Scotland, Wales and Northern Ireland must make full use of the 
policy levers available to them and work with the UK government closely to ensure delivery 
in those areas that are not devolved. This means making particular use of devolved policy 
levers on the demand side even where supply-side policies are reserved to the UK 
government (e.g. encouraging walking and cycling), providing 'soft' support (e.g. advice on 
buildings retrofits) to support UK government policies, and use of planning and procurement 
powers to drive decarbonisation (see section 5). 

• Cities and local authorities are well placed to understand the needs and opportunities in 
their local area, although there are questions over well they have sufficient resources to 
contribute strongly to reducing emissions. They have important roles on transport planning, 
including providing high-quality infrastructure for walking and cycling, provision of charging 
infrastructure for electric vehicles, and ensuring that new housing developments are 
designed for access to public transport. They can improve health outcomes for people who 
live and work in the area by implementing clean-air zones that discourage use of polluting 
vehicles and other technologies.  

                                                           
167 The Department for Business, Energy and Industrial Strategy (BEIS), the Ministry of Housing, Communities and 
Local Government (MHCLG), the Department for Transport and the Department for the Environment, Food and 
Rural Affairs. 
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• Regulators will also need to help drive the transition to net-zero emissions in a number of 
areas. 

‒ These most obviously include Ofgem, especially on energy network infrastructure (see 
section 2(b). Regulatory frameworks may need to evolve as new vectors emerge and with 
an increasing integration between systems (e.g. hydrogen, which will need to be 
produced using CCS and could supply power generation, heating, transport and 
industry). 

‒ There could also be a role for financial and pension regulators, for example in requiring 
and monitoring disclosure of exposure to climate risks and compatibility of investments 
with a net-zero target. 

The shift from aiming for an 80% reduction to net-zero emissions reduces the flexibility to leave 
significant residual emissions in any sector: each sector must get very close to the Further 
Ambition scenario presented in Chapter 5. This raises the question of whether sectoral targets 
may be a useful tool to provide greater focus on what is required in each sector. 

4. Policy pre-conditions of a net-zero target 
Parliament should understand that setting a net-zero target is a commitment to a concerted 
increase in policy effort in the near term. This will need to address the key areas for 2050 that are 
not already on track, as well as those that become more important for a net-zero GHG target.  

This section sets out what is required across the key options included in our Further Ambition 
scenario. 

Many of the messages in this section are not new: the Committee has been recommending 
many of these approaches for some time. In setting a net-zero target, each of these areas must 
be addressed without delay. 

(a) Carbon capture and storage (CCS) 

The Committee has consistently stressed the importance of CCS in achieving the current 2050 
target for an 80% reduction at lowest cost and as an enabler of deeper emissions reductions 
beyond that. The Clean Growth Strategy stated an ambition to deploy carbon capture usage and 
storage (CCUS) at scale during the 2030s, subject to costs coming down sufficiently. Given its 
strategic importance in achieving deep decarbonisation, CCS is a necessity for a net-zero target.  

By 2050, CCS has a large potential role to play in multiple applications. Our Further Ambition 
scenario requires annual CO₂ capture volumes of up to 175 MtCO₂ by 2050, across industry, 
greenhouse gas removals (GGR), hydrogen production and power generation. While the amount 
of CCS for energy generation from fossil fuels could be significantly lower than we have 
assumed, we stress that all currently credible pathways through which the UK could reach net-
zero emissions domestically all involve a significant role for CCS, especially for industry and GGR. 

The evidence base168 is clear that UK deployment of CCS is required to unlock the greatest 
opportunities for cost reduction: 

• The UK has some of the most advantageous CO₂ storage potential of any country in the 
world, and will need a large contribution from CCS by 2050. The CO₂ transport and storage 

                                                           
168 For example Pöyry and Element Energy (2015) Potential CCS Cost Reduction Mechanisms; CCSA (2016) Lowest cost 
decarbonisation for the UK: The critical role of CCS. 
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infrastructure required for CCS is capital intensive and is also subject to large economies of 
scale – costs can be reduced significantly compared to one-off projects through sharing of 
large-scale infrastructure between projects. The earlier CO₂ infrastructure is deployed at such 
scale in the UK, the earlier CCS can be deployed cost-effectively. 

• Reductions in cost of capital can be achieved by proving the technology and business model
in the UK. It is clear that a significant part of the reductions in the strike prices for offshore
wind following deployment at scale in the UK has resulted from reductions in the cost of
capital, as the technology becomes more established, and supply chains and business
models develop. While technology costs can be reduced via global deployment, reductions
in the cost of capital for CCS in the UK will require UK deployment.

Our assessment is that delivery of CCS requires action on CO₂ infrastructure, development of the 
hydrogen option and policy frameworks across energy generation, industry and greenhouse gas 
removals: 

• CO₂ infrastructure. An approach to CO₂ infrastructure development and funding is needed
that is separate from that for individual projects. CO₂ infrastructure roll-out and initial
projects should lead to multiple CCS clusters being operational by the mid-2020s, and all
major clusters having CO₂ infrastructure by around 2030.

• Development of the hydrogen option. Given the importance of hydrogen in our net-zero
scenarios, especially in industry, and the importance of CCS to its production at large scale,
hydrogen production should start at scale by 2030 at each of the industrial CCS clusters.

• Policy frameworks. Delivery of CCS projects across the range of applications requires a
policy framework that covers energy generation, industry and greenhouse gas removals. In
addition to supporting infrastructure development, a framework to support decarbonisation
of heavy industry should be developed and implemented by the end of 2022. Initial industry
projects could require a support mechanism prior to this. Given the scale of BECCS that
might be required by 2050, the Government should aim to have an initial BECCS project at
scale early on (e.g. by around 2030).

Given the lack of progress to date on CCS and its greater role as ambition goes beyond an 80% 
reduction by 2050, progress in deploying CCS in the 2020s is a crucial enabler to putting the UK 
on track to meeting a net-zero target. 

(b) Bringing forward the electric vehicle switchover 

Due to sharp reductions in battery costs, we anticipate that the lifetime costs of electric cars and 
vans will reach parity with internal combustion engine (ICE) vehicles, without subsidy, by the 
mid-2020s from a social perspective (i.e. before considering that electric vehicles do not pay fuel 
duty). The absence of fuel duty for electric vehicles means that they will reach parity even earlier 
from a consumer perspective. 

Bringing forward the switchover to electric vehicles earlier than 2040 will lead to lower 
greenhouse gas emissions in 2050 and on the pathway to this, improve air quality, and be 
financially beneficial to the UK (Figure 6.3).  

Given these advantages in cost, greenhouse gas emissions and air quality, the aim should be for 
electric vehicles to have as high a share as possible of the new-vehicle market by 2030. Ideally, 
ultra-low emission vehicles would reach 100% of sales of cars, vans and motorbikes by 2030 or 
soon after, but must certainly do so by 2035.  
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Scaling up from the current 2.5% share of car sales will require timely investments in charging 
infrastructure and policy to encourage uptake and provision of models by the industry: 

• The government must bring forward the end of sales of new conventional cars and vans to 
2035 at the latest, ideally earlier, and extend this to cover any car or van with petrol or diesel 
combustion engines. This will ensure that by 2050 very few petrol and diesel vehicles will 
remain, which can then be addressed through regulation if necessary. The scope should also 
be extended to cover motorbikes.  

• Financial incentives will be required in the near term to support the still early market of 
electric cars, vans, small HGVs and motorbikes, until cost parity is reached with conventional 
vehicles from the view of a private consumer, likely in first half of the 2020s. Electric car and 
van charging infrastructure roll-out must be monitored to ensure that sufficient deployment 
occurs in readiness for the growing proportions of the fleet being fully electric.  

We also identify several other priorities for the transport sector: 

• Trials of zero-emission HGVs and associated refuelling infrastructure should be planned from 
now until the early 2020s to develop an evidence base to enable decisions to be made on 
the most cost-effective and practical zero emission option. The Government must prepare to 
make this decision in the mid-2020s, with international coordination, to enable infrastructure 
to be developed ready for the deployment of zero emission HGVs in the late 2020s and 
throughout the 2030s. Vehicle and fuel taxation from the 2020s onwards should be designed 
to incentivise commercial operators to purchase and operate zero emission HGVs.  

• The Government must encourage walking, cycling and the use of public transport in 
preference to car usage wherever possible, including through provision of infrastructure for 
safe and practical cycling, to exploit opportunities for emissions reductions in the nearer 
term, as well as achieving health co-benefits from active travel and improved air quality.  

• Opportunities to improve the logistical efficiency of HGVs should be explored, including 
increased roll-out of urban consolidation centres to minimise journeys into busy urban 
centres and adjusting delivery times to ensure HGVs can avoid congestion.  

• Rail electrification should be planned on a rolling basis to keep costs low, and trials of 
hydrogen trains on UK rail should be supported where necessary. 
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Figure 6.3. A 2030 switchover to electric vehicles would save more money than a 2040 switchover 

Source: CCC analysis. 
Notes: Costs are compared to continued use of petrol and diesel cars, and are the subsidy free total lifetime (14 
years) costs relating to all new vehicles bought in that year. Includes upfront vehicle cost, refuelling cost 
(discounted at 3.5%), and costs of charging infrastructure, electricity generation and network expansion. To 
better represent vehicles available in the future we assume the costs and efficiencies of petrol and diesel cars also 
develop over time. As a result, these figures are not directly comparable to others in this advice. Until 2028 costs 
are slightly higher for a 2030 phase-out date, which is largely due to electric vehicles being more expensive until 
this point and greater charging infrastructure requirements. Costs for a 2035 switchover date are not shown, but 
are slightly higher than for a 2030 switchover. 

(c) Making sure UK heating systems are fully low-carbon by 2050 

Energy efficiency retrofit of the 29 million existing homes across the UK should now be a 
national infrastructure priority. A fully-fledged strategy for decarbonised heat must be 
developed in 2020. The Government's planned 2050 heat roadmap must establish an approach 
that will lead to full decarbonisation of buildings by 2050. It is essential that Treasury commits to 
working with BEIS on this and to allocating sufficient funding. The strategy must include: 

• A clear trajectory of standards covering owner-occupied, social- and private-rented homes
and non-residential buildings, announced well in advance. This includes standards for
energy efficiency, detailed plans on phasing out the installation of high-carbon fossil fuel
heating and improvements in the efficiency of existing heating systems. Energy efficiency is
the key precursor to low-carbon heat and delivers most benefits when deployed early.

• A regulatory and support framework for low-carbon heating (heat pumps, biomethane,
and networked low-carbon heat) to address the multi-billion pound funding gap.
Decarbonising homes by 2050 implies ensuring that by 2035 at the latest, all new heating
system installations are low-carbon. In order to develop supply chains, this will require
signalling well in advance, alongside deployment of heat pumps at scale in the 2020s.
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• A review of the balance of tax and regulatory costs across fuels in order to improve 
alignment with implicit carbon prices and reflect the progressive decarbonisation of 
electricity: costs are significantly larger for electricity than gas or oil heating, and the full 
carbon costs are not reflected in the pricing of heating fuels. These factors currently weaken 
the private economic case for electrification. 

• An attractive package for householders aligned to trigger points (such as when a home 
is sold or renovated). Regulatory and support frameworks for energy efficiency and low-
carbon heat should facilitate this. It is critical that this also includes removal of barriers which 
prevent occupants from bringing about the necessary action to improve the quality of the 
buildings they live and work in. This could require legislative reform to address issues such as 
the misalignment of freeholder and leaseholder incentives. 

• A nationwide training programme to upskill the existing workforce. A properly skilled 
workforce is critical to enabling effective deployment of energy efficiency and low-carbon 
heating measures which perform as they should. The UK Government should use initiatives 
under the Construction Sector Deal to tackle this low-carbon skills gap. New support to train 
designers, builders and installers is urgently needed for low-carbon heating (especially heat 
pumps), energy and water efficiency, ventilation and thermal comfort, and property-level 
flood resilience.  

• A governance framework to drive decisions on heat infrastructure through the 2020s. 
Making strategic decisions on the future of heat provision and the gas grid will be difficult for 
any government. It requires the acceptance of higher short-term costs and a long-term 
outlook, beyond the standard Parliamentary timetable. Nevertheless, as an infrastructure 
issue with long lead-times, it must be addressed with strategic decisions in the 2020s if we 
are to achieve the necessary decarbonisation by 2050.  

The allocation of costs to consumers and the Exchequer will depend on policies put in place to 
drive the required changes. HM Treasury should undertake a review of where the costs of the 
transition fall and develop a strategy to ensure this is perceived as fair (see section 3(e)). In 
relation to buildings, it should include consideration of the use of fiscal levers and Exchequer 
revenue, costs from carbon trading schemes, the costs to industries, and the impact on energy 
bill-payers (including the fuel poor). It should cover the costs over the full period from now to 
2050.  

The Government must implement policies to deliver the commitments announced under the 
Future Homes standard - namely to ensure new build homes have low-carbon heating and 
world-leading levels of energy efficiency by 2025, alongside ambitious standards for new non-
residential buildings. In addition to being low-carbon, these new buildings must be energy and 
water efficient and climate resilient.  

Realising deep emissions reductions in buildings will require co-ordination and co-operation 
across all levels of Government, industry, businesses and householders. Policy development by 
central Government and Devolved Administrations must be implemented effectively at local 
level, with evolution in the planning system to keep pace with Government ambitions. 
Cooperation from industry is central, driving down costs through innovation and delivering 
solutions in homes and businesses. Finally, the absence of public engagement on these critical 
issues must be addressed, to prepare for and inform the changes to come and to enable 
individuals to take action now to drive down emissions associated with their homes and 
businesses. 
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(d) Reducing emissions from industry, not offshoring them 

It is urgent that the Government establishes an overall framework to support long-term 
industrial decarbonisation, as committed to in the Clean Growth Strategy. Further delay is likely 
to result in higher costs overall, due to the need for early write-off of assets (i.e. scrappage). 

The scenarios we set out for reducing UK emissions from industry rely on retaining the industrial 
base that we have and decarbonising it, rather than ‘offshoring’ of emissions to other countries 
(i.e. 'carbon leakage'). The design of the policy framework to reduce UK industry emissions must 
ensure it does not drive industry overseas, which would not help to reduce global emissions, nor 
the UK economy. As a carbon-neutral economy, reshoring industry to the UK will ultimately 
improve the global effort to tackle climate change.  

The Government should also help to ensure that the UK realises the benefits of ambitious 
decarbonisation. By providing an attractive investment environment, including stable policy, the 
UK can become a leader in production of low-carbon goods, attract increased investment in 
productive new and existing industries, and develop new businesses and products (see Chapter 
7). 

Encouraging deep decarbonisation in industries at risk of carbon leakage will likely require new 
policy mechanisms, as it is unlikely that carbon prices under the EU emissions trading system (or 
a UK equivalent) will rise high enough with sufficient lead-time to incentivise the range of 
changes required. There is a range of possible ways of decarbonising industry in a way that 
avoids offshoring of emissions, where much of the cost of industrial decarbonisation is either 
passed on to consumers in higher prices or borne by taxpayers: 

• Creation of a low-carbon market. Demand for low-carbon goods could be created through 
certification and regulation of end uses (e.g. buildings), creating a premium price for low-
carbon goods. In this case the consumers would bear the cost. Alternatively, such a market 
could be driven by public procurement, in which case Government and taxpayers would 
bear the cost. 

• Sectoral agreements would be a direct way of ensuring that one country's firms in a given 
industry sector are not at a competitive disadvantage to those in other countries. This will 
tend to work better in industry sectors in which there is a small number of firms (e.g. steel). 
Under this approach industry would pay for the emissions reductions, which could then be 
passed through consumers in higher prices without competitiveness impacts. 

• Border-tariff adjustments would raise the price of high-carbon imported goods, stop the 
need for free allowances and thus allow all UK emissions to be subject to carbon pricing 
without the need to compensate for costs not faced by international competitors. This could 
enable the policy to support deep decarbonisation in sectors that would otherwise be at risk 
of carbon leakage. It would also send a signal to other manufacturing countries to 
decarbonise their production. Under this approach industry would pay for the emissions 
reductions, which could then be passed through consumers in higher prices without 
competitiveness impacts. 

• A recent review of business models for BEIS has set out some further potential options (for 
supporting industrial carbon capture), which largely draws on comparable existing 
policies.169 This identified a range of ways of providing funding for industrial decarbonisation 

                                                           
169 Element Energy (2018) Industrial carbon capture business models. Report for BEIS. 
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potentially through taxpayer funding (e.g. a contract for difference on the CO₂ price, 
regulated asset base, tradeable CCS certificates). 

It may be that for an interim period, industrial decarbonisation of trade-exposed sectors can be 
funded by taxpayers, but this is unlikely to be fiscally sustainable in the longer term given 
increasing decarbonisation over time. As other countries take action to meet their commitments 
under the Paris Agreement, there would need to be a transition away from taxpayer funding. 

(e) Scaling-up of decarbonised electricity supply  

Our Further Ambition scenario has a very important role for electrification as a key route to 
reducing emissions, across surface transport, buildings and some industrial processes. Much of 
this is high-efficiency electrification, keeping costs and the demand for low-carbon electricity 
manageable (at 600 TWh per year) by 2050, around double the size of today's system. If less 
efficient decarbonisation choices are made, electricity demand in 2050 could be considerably 
higher (Figure 6.4).  

However, there is also considerable potential for electricity to extend beyond these uses at 
higher costs, generally when used at lower overall efficiencies. Given the Speculative options we 
have identified, there is potential for electricity demand to be much higher than in our Further 
Ambition scenario, potentially up to four times the size of today's power system (Figure 6.4). It is 
inherent in these more Speculative options that they would tend to be deployed towards the 
back end of a transition to net-zero emissions.  

Keeping open the option of having a larger low-carbon electricity system than we have assumed 
under the Further Ambition scenario would allow for a wider range of ways to reach net-zero 
emissions. In order to achieve this, it will be important for build rates in the near term to be 
relatively high, both in order to reduce the amount that needs to be built later on and to 
develop supply chains. It makes sense to do so both to reduce emissions from the current 
system and to expand the system through electrification: 

• Contracts can now be signed for renewable capacity (i.e. wind and solar) in the early 2020s 
that are cost-competitive with high-carbon generation. As such, strong deployment of these 
renewables through the 2020s will not have high costs, even when including deployment of 
flexibility measures to accommodate high levels of inflexible generation. As costs of low-
carbon generation have reduced, it has only strengthened the case for achieving a carbon 
intensity of below 100 gCO₂/kWh by 2030. 

• Accelerating the rate of electrification by adding flexible loads, in the form of electric vehicles 
and hybrid heat pumps, to the system at scale in the 2020s would increase demand and 
enhance the ability of the system to accommodate inflexible generation. This would enable 
greater additions of renewables in parallel during the 2020s, and in doing so would reduce 
the average cost of electricity.170 As well as maintaining high build rates for the power sector, 
this would enable the transport and buildings sectors to progress more rapidly towards zero 
greenhouse gas emissions and also improve air quality. 
 

                                                           
170 Vivid Economics and Imperial College (2019) Accelerated electrification and the GB electricity system. 
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Figure 6.4. The roles for electrification in Further Ambition and potential to go beyond this 

Source: CCC analysis based on the capacity and generation mix in the 'Hybrid 10 Mt' scenario of Imperial College 
(2018) Analysis of alternative heat decarbonisation pathways. 
Notes: The entry for HGVs in transport refers these vehicles switching to electricity rather than hydrogen. 

(f) Embedding emissions reduction and removal in agriculture and land policy 

There is now an opportunity to define a better land strategy that responds fully to the challenge 
of climate change. The Government’s Agriculture Bill and proposed Environment Bill will set the 
future direction of policy for the use of land. This is an important moment to influence the 
design of a set of policies that have been largely out of scope for decades. It is essential that the 
key objectives of the Climate Change Act - achieving deep emissions reduction and adapting to 
the impact of a changing climate - are at the heart of reforms.  

A future land strategy that delivers the UK’s climate goals whilst balancing other pressures will 
require fundamental changes to how land is used:  

• Implementing low-carbon practices within the current pattern of land use can offer some
emissions reduction, by improved farming practices such as better soil and livestock
management, but would still leave agriculture as one of the biggest emitting sectors.

• Deep emissions reductions can be achieved by releasing agricultural land for other uses,
even while maintaining current per capita food production. Afforestation (increasing forest
cover from 13% of all UK land today to up to 19% by 2050), restoring over half of peatlands,
catchment-sensitive farming and agricultural diversification can contribute to meeting these
reductions. Land use will have to change due to the impacts of climate change and it is
important that future land use decisions are taken to both reduce emissions and improve
resilience of land to climate impacts.

• Changes in farming practices and dietary preferences will drive the release of land, but these
can build on a number of government initiatives already taking place. These include:
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improving sustainable agricultural productivity; promoting healthy eating through 
government nutritional guidelines which could reduce consumption and production of the 
most carbon-intensive foods; reducing food waste along the supply chain; and increasing 
forest productivity. Land released through these measures can be used for afforestation, 
peatland restoration and biomass production, where environmental risks are managed.  

Existing policy is not delivering enough - tree-planting rates are well below government targets 
across the UK. New land use policy should promote transformational land uses and reward 
landowners for public goods that deliver climate mitigation and adaptation objectives. New 
policies should also reflect better the value of the goods and services that land provides. The key 
measures that have clear, multiple benefits are: afforestation and forest management; 
restoration of peatlands; low-carbon farming practices; improving soil and water quality; 
reducing flood risks and improving the condition of semi-natural habitats. Measures should be 
rewarded if they go beyond a minimum standard that land-owners should already be delivering.  

Support should be provided to help land managers transition to alternative land uses. This 
includes help with skills, training and information to implement new uses of land, and support 
with high upfront costs and long-term pay-backs of investing in alternative uses. It should also 
include action to address barriers to the take-up of innovative farming practices, which will drive 
productivity improvements. A structured approach to incorporating the potential impacts from 
a changing climate into long-term planning is essential for land managers to adapt successfully 
to climate change. The government should provide support and information through the 
National Adaptation Programme or the new Environmental Land Management System, to allow 
this planning to take place. 

In addition to reducing emissions from parts of the land use and agriculture sector, it will also be 
necessary to incentivise greenhouse gas removals, both through established natural methods 
(i.e. afforestation and soil carbon sequestration) and other removals approaches such as 
sustainable production of bioenergy and use with carbon capture and storage (BECCS). We 
consider how removals can be incentivised in section (h)). 

(g) Implications for aviation and shipping policy  

A net-zero target will require more effort from all sectors, including aviation. The Committee’s 
advice is that a net-zero target for 2050 should cover all sources of GHG emissions, including 
international aviation and shipping. We will set out our recommended policy approach for 
aviation in follow-up advice to the Government later in 2019.  

Reducing emissions from aviation will require a combination of international and domestic 
polices, and these should be implemented in ways that avoid perverse outcomes (e.g. carbon 
leakage). A package of policy measures should be put in place that include carbon pricing, 
support for research, innovation and deployment, and measures to manage growth in demand: 

• A long-term goal for international aviation emissions. The International Civil Aviation 
Organisation's current carbon policy, CORSIA, has an end date of 2035. It will need to be 
based on robust rules that deliver genuine emission reductions (see section (h) below). A 
new long-term goal for global international aviation emissions consistent with the Paris 
Agreement would provide a strong and early signal to incentivise the investment in new, 
cleaner, technologies that will be required for the sector to play its role in meeting long-term 
targets. This is particularly important in aviation given the long lifetimes of assets. A similar 
approach has been agreed for global shipping emissions in the IMO, which has set a target 
for greenhouse gas emissions to be at least 50% below 2008 levels by 2050. 
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• Support for research, innovation, and deployment. Our analysis, and that of industry, 
suggests the largest contribution to reducing aviation emissions will come from new 
technologies and aircraft designs. Many of these developments are likely to be cost-effective, 
given their potential fuel savings. The Government should build on the approach set out in 
the Aerospace Sector Deal and Future Flight Challenge, and set out a clear strategy to ensure 
these technology solutions are developed and brought to market in a timely fashion. 
Synthetic fuels should not be a priority for government policy, but if industry wants to 
pursue them it should focus on demonstrating that these fuels, used in aviation, would be 
genuinely low-carbon, could become cost-competitive and are scalable in a global market. 

• Measures to manage growth in demand. The Further Ambition scenario allows for a 60% 
growth in passenger demand by 2050 compared to 2005 levels (25% from now). Without 
additional policies being put in place, government projections suggest demand could be 
higher than this (e.g. their central case is for around a 90% growth in demand by 2050 on 
2005 levels). New UK policies will therefore be needed to manage growth in demand. These 
could include carbon pricing, reforms to Air Passenger Duty, or policies to manage the use of 
airport capacity. Recent research commissioned by the DfT171 shows that UK policies to 
manage demand in aviation would not lead to carbon leakage from the UK to other 
countries in aggregate, given the relatively small amount of emissions affected. Policies to 
manage demand can therefore be pursued without significant risk of perverse impacts.  

Action is also needed on non-CO₂ effects from aviation. These cause additional warming but 
should not be included within targets at this stage given their short-lived effects and uncertainty 
over how to measure and report their impact in the emissions inventory (Chapter 2). However, 
the Government should develop a strategy to ensure that these effects can be mitigated over 
the coming decades (e.g. by 2050-2070 for pathways that meet the Paris Agreement) without 
increasing CO₂ emissions. Demand-side measures are one way to reduce these effects. 

The Government is aiming to publish an Aviation Strategy later in 2019, and published a 
consultation on this in December 2018. The consultation commits to regular updates of the 
Aviation Strategy. These regular reviews will provide an opportunity to respond to a future 
decision by Parliament to meet the UK’s commitments under the Paris Agreement. The final 
White Paper should aim to set more specific time-points for these reviews, and align them to 
developments in government climate strategy overall. 

Policy for international shipping is also led at the international level, by the International 
Maritime Organisation (IMO). The IMO have set a target to halve global shipping emissions by 
2050. That would require a significant roll-out of low-carbon fuels (e.g. ammonia), but not 
enough to meet our Further Ambition scenario. Increased ambition will therefore be required for 
shipping, along with a set of tangible policies to deliver that ambition. 

(h) Potential options for funding UK CO2 removals  

For some ‘hard to reduce’ sectors (e.g. aviation and agriculture), even with strong policies, it is 
highly likely that there will be significant remaining emissions in 2050. In achieving net-zero 
emissions overall, these emissions will need to be balanced with greenhouse gas removals 
(Figure 6.5). 

One potential way to achieve this would be to place requirements on each sector to reach net-
zero emissions through a combination of emissions reduction and funding of removals. We note 

                                                           
171 ATA and Clarity (2018) The carbon leakage and competitiveness impacts of carbon abatement policy in aviation. 
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that the sectors already partially or fully involved in emissions trading at EU level (i.e. industry, 
energy generation and aviation) together would have net emissions below zero in 2050 under 
our Further Ambition scenario if removals from bioenergy with carbon capture and storage 
(BECCS) were attributed to the energy generation sector. 

Requiring sectors to offset residual positive emissions by paying for removals would provide 
both a financial incentive for emissions to be as low as possible in those ‘hard to reduce’ sectors 
and a mechanism to fund greenhouse gas removals that are genuinely additional to those that 
would occur otherwise:  

• The sector could be required to achieve net-zero emissions, which could be achieved 
through a combination of measures to reduce emissions (e.g. as in our Further Ambition 
scenario) and then getting to net-zero by paying for greenhouse gas removal (GGR): 

‒ The need to pay for removals to offset remaining emissions effectively places a carbon 
price on activities that remain carbon-intensive, providing a financial incentive to drive 
supply-side measures to reduce emissions as well as potentially dampening demand. 

‒ Any remaining emissions in the sector would then need to be matched by GGR 
deployment that is genuinely additional to what would have occurred otherwise.  

• Alternatively, the Government could impose a carbon price on emissions in order to 
generate revenues that can be used to pay for Government-procured greenhouse gas 
removals. This could be done either through a trading scheme with a suitably tight cap or via 
a tax of a sufficient level to generate the necessary revenues. 

• As some GGR options (e.g. afforestation) have relatively low costs but are limited in scope, it 
should be assumed that these opportunities will be taken in any case and will not provide 
additional scope to offset positive emissions elsewhere. The GGR options appropriate to 
offset ‘hard to reduce’ emissions will therefore generally be those that are highly scalable 
and towards the higher end of GGR costs, for example use of BECCS or direct air capture of 
CO₂ with storage (DACCS). 

• Removals could in principle either be based in the UK or overseas. However, for CCS-based 
removals it would make sense for a substantial proportion of these to occur domestically, 
given the UK’s advantages relating to availability of CO₂ storage capacity, offshore 
engineering expertise, and market regulation and design. Regardless of location, there 
would need to be appropriate criteria to ensure that removals are additional to what would 
have happened otherwise, together with strong governance arrangements to ensure that 
the removal of greenhouse gases occurs in the intended way. For BECCS, this includes strong 
sustainability criteria on the biomass used, whether produced in the UK or overseas.  

In principle, rather than offsetting remaining emissions with BECCS or DACCS, the aviation 
industry could instead use synthetic carbon-neutral fuels, thereby reducing the sector’s 
emissions to zero on a ‘gross’ basis rather than a ‘net’ basis. However, such synthetic fuels are 
likely to be expensive, entailing recycling captured CO₂ (e.g. via direct air capture) into a drop-in 
replacement for kerosene. As set out in Chapter 5, we expect these synthetic fuels to be 
significantly more expensive than achieving the same emissions outcome by sequestering the 
same amount of CO₂ geologically to offset remaining fossil kerosene use. However, given the 
equivalence of these options in terms of emissions, it is not necessary for the policy framework 
to prefer one or the other. 

For the agriculture sector, in addition to the actions to reduce positive emissions there will need 
to be added focus on enhancing sinks on farmland (e.g. by planting trees). It is very encouraging 
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that the National Farmers’ Union has stated an ambition to achieve net-zero greenhouse gas 
emissions by 2040. 

In order to deliver removals sustainably and at lowest cost, it will be necessary to have a suitable 
governance framework and policy that enables their development and deployment. Policy will 
need to support development and deployment of removals, by providing financial incentives, 
CO₂ transport and storage infrastructure to enable deployment of BECCS and DACCS, and 
innovation support (see section 2(c)). 

Figure 6.5. Greenhouse gas removals required to balance positive emissions in 2050 

Source: CCC analysis. 
Notes: Sectoral emissions and contributions from removals presented for the Further Ambition scenario. The 
contribution from 'additional removals/abatement' refers to the options to go beyond the Further Ambition 
scenario and achieve net-zero emissions, which can be done with additional removals and/or further reductions 
of positive emissions (see Chapter 5). 

5. Implications for policy made in Scotland, Wales and Northern Ireland
Delivering extensive decarbonisation by 2050 in the UK will require a strong policy framework at 
both UK and devolved level. Scotland, Wales and Northern Ireland have (fully or partially) 
devolved powers in a number of areas relevant to emissions reduction. These vary by 
administration, but key areas include planning, demand-side transport measures, energy 
efficiency, agriculture, land use and waste (Box 6.5). 

Welsh, Scottish and Northern Irish policies are essential in the areas where powers are largely 
devolved: 

• Demand-side transport measures. Devolved administrations must implement effective
policies to provide low-carbon public transport and encourage active travel.

• Buildings energy efficiency. Meeting the earliest possible date for net-zero emissions will
require major improvements to the energy efficiency of new and existing buildings, in order
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to improve comfort levels, lower energy bills and prepare the building stock for a switch to 
low-carbon heating. Policy to achieve these results in Scotland, Wales and Northern Ireland 
will largely be delivered through devolved buildings standards and policy. 

• Agriculture and land use. Low-carbon farming practices, afforestation, agroforestry and 
peatland restoration all have a crucial role to play in reducing emissions by 2050. The 
devolved administrations should ensure that effective policy is in place to support 
afforestation, agroforestry and peatland restoration on both private and public land. The 
framework to follow the Common Agricultural Policy in each devolved administration 
provides an opportunity to more closely link financial support to agricultural emissions 
reduction and increased carbon sequestration. 

• Waste. Devolved administrations are responsible for reducing emissions from waste, with a 
focus on reducing, reusing and recycling waste, diverting biodegradable waste from landfill, 
and capturing methane from landfill and wastewater. 

• Energy in Northern Ireland. Unlike Scotland and Wales, Northern Ireland has devolved 
control of the power sector, although the Northern Irish network can be affected by both UK 
and Republic of Ireland policy. For the UK to achieve net-zero emissions, Northern Ireland 
must achieve equally ambitious decarbonisation in the power sector. 

Where powers are reserved to the UK level, the devolved administrations have an important role 
in ensuring that the emissions reductions take place. In particular, the devolved administrations 
should focus on the following areas: 

• Planning. Planning frameworks are another useful lever over infrastructure that needs to be 
well aligned to objectives for emissions reduction in devolved administrations (e.g. through 
encouraging walking, cycling and use of public transport, ensuring readiness for or 
installation of electric vehicle charging points in new developments, and a favourable 
planning regime for low-cost onshore wind). 

• Procurement. The public sector in devolved administrations can use procurement rules 
positively to help drive emissions reductions in a number of areas (e.g. uptake of ultra-low-
emission vehicles, energy efficiency and low-carbon heat in buildings, low-carbon products). 

• Convening role. It is important the devolved administrations maximise their potential to 
bring stakeholders together, and facilitate dialogue and strengthen relationships, to enable 
the development of mutually-beneficial projects that contribute to decarbonisation. 

• Working with the UK Government to ensure that UK-wide policies work for devolved 
administrations. 

• Access to UK-wide funding. The devolved administrations should seek to ensure that 
households and businesses have good access to UK-wide funding opportunities where 
possible and appropriate. 

This report recommends that the long-term emissions targets in Wales and Scotland are 
updated to align to our recommended UK net-zero target (Northern Ireland does not currently 
have a long-term emissions target). Actions by the UK Government will be necessary to deliver 
the Welsh and Scottish targets and actions by the devolved administrations will be necessary to 
deliver the UK target.  
 

732  



 
 

    
 
210         Net Zero - The UK’s contribution to stopping global warming   |   Committee on Climate Change 

 

Box 6.5. Devolved and reserved policy areas 

Powers that are reserved (i.e. issues upon which only the UK Parliament can make laws) and devolved 
vary by type: 

• Economic and fiscal: Mostly reserved. 

• Energy: In Scotland and Wales energy supply policy is mostly reserved. Energy (apart from nuclear) 
is devolved to Northern Ireland. 

• Planning: Mostly devolved, with the exception of nationally significant infrastructure in Wales. The 
Welsh Government has the power to grant or refuse planning permission for power plants up to 
350 MW. 

• Local government and housing: Including domestic and public energy efficiency and fuel 
poverty is mostly devolved. 

• Industry: Mostly reserved, but significant devolved competency through planning and consenting 
activity.  

• Transport: Demand-side measures are mostly devolved. 

• Agriculture and land use: Fully devolved.  

• Waste: Fully devolved.  
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Introduction and key messages 
The UK has established a track record of reducing greenhouse gas emissions (GHGs) while 
growing the economy, and the Government has put clean growth at the heart of its industrial 
strategy.  

In this chapter we explore the costs and benefits of climate action generally and specifically the 
additional impact of moving to a net-zero GHG target for the UK in 2050. We consider overall 
costs, costs to the Exchequer and costs to the consumer as well as the challenge of ensuring a 
smooth and fair transition. 

Our estimates are based on the actions to reduce emissions set out in Chapter 5. 

We conclude that: 

• Action is preferable to inaction. The overall economic impact of cutting emissions and the
costs of increasing ambition to net-zero are likely to be small globally and in the UK and
could turn out to be positive. Accepting this cost is preferable to inaction given the range of
risks from unchecked climate change globally and in the UK, both directly and indirectly.

• A net-zero GHG target by 2050 can be achieved within the cost that was previously
expected for current targets:

‒ Rapid cost reductions for key technologies like offshore wind and batteries for electric
vehicles mean the expected cost for the current target to reduce emissions by 80% by 
2050 relative to 1990 has fallen significantly – our 2008 estimates suggested annual costs 
in 2050 of 1 - 2% of GDP while our current estimates put costs at less than 1% of GDP. 

‒ Our central estimate for the resource costs of a more ambitious net-zero GHG target in 
2050 are in line with the expected cost accepted by Parliament when the current target 
was set – an annual cost of between 1 - 2% of GDP in 2050. If innovation exceeds 
expectations again this cost could be lower.  

‒ If the rest of the world were not to materially increase effort in order to meet the 
temperature goal of the Paris Agreement, technology progress could be much slower 
and costs correspondingly higher. This is particularly concerning for global technologies 
like low-carbon HGVs. However, in such a situation cheap international carbon units 
('credits') are likely to be available and if needed a revision to the UK target could be 
permitted by the Climate Change Act. 

• Co-benefits are likely to be extensive. Achieving net-zero GHG emissions in the UK will
result in significant benefits to human health from better air quality, less noise, more active
travel and a shift to healthier diets. Changes to land use and farming practices that cut GHG
emissions can also improve air quality and water quality and benefit biodiversity, resilience
to climate change and bring recreational benefits. Benefits could partially or fully offset costs.

• There may be industrial opportunities. The shift in resources from imported fossil fuels to
UK investment could stimulate further economic activity. In addition, it is possible that with
appropriate policy and support there could be an industrial boost to the UK from being one
of the early movers in some key sectors (e.g. carbon capture and storage, specialised
supporting services for low-carbon technologies like finance and engineering) with potential
benefits for exports, productivity and employment. However, we do not factor these
potential benefits into our cost calculations.
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• The distribution of costs during the transition is important. Despite low overall costs 
some industries, regions and households could suffer if appropriate policies are not put in 
place to mitigate the effects of what will be major structural changes, particularly in the 
transitional years. HM Treasury should undertake a thorough review of costs and benefits 
and their distribution, and the appropriate policy levers to achieve an efficient and fair 
transition.  

Our conclusions are based on reaching net-zero GHG emissions in 2050 and setting out on that 
pathway immediately. Attempting to reach this end point earlier, or delaying policies to get 
there, would risk significantly increasing the costs. 

We set out our analysis in this chapter in six sections: 

1. Background to our analysis of costs and benefits  
2. The importance of innovation 
3. Additional costs from pursuing a net-zero emissions target in the UK 
4. Additional benefits from pursuing a net-zero emissions target in the UK 
5. The distribution of costs and impact on other factors in the Climate Change Act 
6. Ensuring a just transition to a zero-carbon economy 

1. Background to our analysis of costs and benefits 
We concluded in 2008, when recommending the UK's current climate targets, that the case for 
climate action was clear – the dangers of significant climate change could reasonably be judged 
to be so great that the potential cost for reducing emissions of a few percentage points of GDP 
was a reasonable price to pay, given the severity of the consequences of inaction. That echoed 
the conclusions of HM Treasury's Stern Review.172 

Having committed to decarbonise our economy and meet our commitments under the Paris 
Agreement, the decision we now need to make is when to reach net-zero emissions, rather than 
whether to get there.173  

Our assessment of costs and benefits in part reflects the conclusions of an expert Advisory Group 
appointed for this report to provide advice on the costs and benefits of achieving a net-zero 
target in the UK (see Box 7.1). The Advisory Group supported a net-zero GHG target for the UK 
around 2050: 

• A mid-century date provides a good balance between starting early with a clear target, 
which may deliver lower costs (investing in low-carbon technologies and approaches now 
gives more scope for cost reductions from learning-by-doing), while still allowing time for 
high-carbon capital stock turnover without extensive early write-offs. 

• It would place the UK amongst the global leaders in decarbonisation, which may result in 
economic advantages while reducing the risk of being too far ahead of the rest of the world. 

This chapter therefore assesses the costs and benefits of achieving a net-zero GHG target in 
2050, to the UK (and globally where relevant) quantitatively where possible and also 
qualitatively. It is not, however, a full cost-benefit analysis, which is not appropriate in this case. 

                                                           
172 HM Treasury (2006) Stern Review on the Economics of Climate Change. 
173 The UK Government confirmed this understanding to Parliament in 2016 (Climate Change Convention: Paris: 
Written question - 34423). Accordingly, the Government request for advice in October 2018 asked for advice on the 
appropriate date for a net-zero target. 
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While it may be tempting to set the monetised benefits of incremental avoided warming against 
the costs of incremental effort in moving to a net-zero GHG target in the UK, the Committee's 
judgement is that this is not a sensible approach: 

• The link from increased UK effort to reduced global warming is complicated – for example it 
is not clear whether to consider a reduction in warming from the 3°C that the world is 
currently on track for or the 2°C that was the basis for the UK's existing target. However, we 
can say with confidence that a UK net-zero GHG target will support increased international 
action and reduced overall warming, which is in the UK's and the world's interest (see section 
4 for more on this).  

• The incremental cost for a tighter UK target is based on a relatively static cost assessment. In 
reality, cost development is much more dynamic (see section 2). We therefore have more 
confidence in the overall magnitude than the increment between two levels of ambition. 
That is illustrated by the fact that a decade ago we expected the last 10 - 20% abatement to 
reach 80% to be expensive and now we expect the last 10 - 20% to reach net-zero emissions 
to be expensive (see section 3). 

• More generally, the uncertainties, irreversibility and complex political economy involved in 
climate change mean that decisions over effort are ill-suited to this sort of marginal cost-
benefit analysis. That was also the clear feedback from our expert Advisory Group. 

The key to a successful transition does not lie solely in its aggregate cost or impact, but how it 
affects different segments of society. Therefore, in addition to aggregate impacts, distributional 
and transitional impacts of a net-zero target have also been considered in this chapter (see 
sections 5 and 6). 

2. The importance of innovation 
Many technologies which are crucial for the low-carbon transition have proved cheaper than the 
most optimistic assumptions made a decade ago, when the UK's existing long-term target was 
set. These cost reductions have made tighter emissions targets achievable at the same costs as 
previous looser targets. 

This section briefly summarises some of the historical experience and sets out assumptions for 
the future, which we consider to be cautious. It is in three sections: 

(a) Innovation and historical falls in technology costs 

(b) The impact of innovation on the costs of achieving carbon targets 

(c) Assumptions on innovation in the future 

(a) Innovation and historical falls in technology costs  

Cost reductions to date have generally resulted from the mass deployment of technologies, 
often backed by subsidies and international supply chains (see Figure 7.1): 

• Offshore wind. The most recent auctions for 'established' technologies procured contracts 
for offshore wind at around £69/MWh for delivery in the early 2020s – 40% below where we 
had expected the cost of the technology would be by 2030.174 Cost reductions have been 

                                                           
174 Corresponds to the average price of offshore wind auctions in 2018 prices. The lowest winning auction bid was 
£57.50/MWh in 2012 prices. CCC (2011) The Renewable Energy Review expected prices over £100/MWh in 2030 (2012 
prices). 

738  



 
 

    
 
216     Net Zero – The UK's contribution to stopping global warming   |   Committee on Climate Change 

 

attributed to multiple factors, such as innovation in design (including the move to larger 
turbines), operation and maintenance, streamlined supply chains and development of 
suitable financing arrangements. Subsidy-driven deployment and good policy (i.e. auctions 
of long-term contracts) have combined to reduce risks for investors and to drive 
competition, supplemented by public-private partnerships to support innovation (e.g. the 
Offshore Renewable Energy Catapult).175 

• Solar. Germany has been investing in solar power since its Renewable Energy Act was 
established in law in 2000. Germany’s deployment of solar when the technology was 
expensive led to significant increases in production capacity worldwide, leading to falling 
prices globally and in the UK. This early investment, alongside open global markets, has 
allowed second-mover countries such as China to start installing and producing solar panels 
on an even larger scale, further bringing down costs. 

• Batteries for electric vehicles. Global demand for consumer electronics led to considerable 
investment into the research, development and manufacturing of lithium-ion batteries. This 
has resulted in significant cost reductions and improved battery performance over the last 
ten years, enabling the use of lithium-ion batteries in the automotive sector. Strong policy 
pushes in countries like Norway and China have resulted in high levels of take-up of electric 
vehicles in recent years, which are expected to accelerate and should result in further cost 
reductions. 

These deployment-led technology cost reductions are very valuable in the long run, but can 
come at a significant cost initially. German compensation payments to solar power averaged 
close to €5 billion a year between 2000 - 2018176 and payments to offshore wind generators in 
the UK averaged £1.5 billion a year over the last five years (and are set to increase to £3.5 billion 
a year on average by 2030 before declining). 

Cost reductions in low-carbon technologies is not a universal story. Several technologies which 
have not been deployed at scale – such as nuclear power, carbon capture and storage (CCS) and 
heat pumps – have failed to come down in cost. 

• The lack of deployment in part relates to the nature of these technologies – small modular 
technologies such as batteries and solar panels can be deployed at scale more easily, while 
nuclear power or CCS require large coordinated investments, which are more difficult to 
replicate. If these projects could be replicated, some cost reduction could be expected. 

• It also relates to a lack of support for their deployment, which reduces the scope for 
innovation and learning-by-doing. 

As has been the case so far, future technology cost reductions will be a direct result of actions 
taken globally to deploy technologies. But the dynamics of innovation are complex, with the 
possibility of innovation occurring far faster than typically assumed (Box 7.2). 
 

                                                           
175 The Offshore Renewable Energy Catapult is one of 11 technology and innovation Catapult Centres that connect 
businesses with the UK's research and academic communities, through a combination of public and private 
funding. 
176 Average compensation payment over the period estimated by the CCC based on data published by the German 
Federal Ministry of Economics and Energy. Bundesministerium für Wirtschaft und Energie (2018) EEG in 
Zahlen:Vergütungen, Differenzkostenund EEG-Umlage 2000 bis 2019. 
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Box 7.1. The CCC Expert Advisory Group on the costs and benefits of a UK net-zero emissions target 

The Advisory Group (AG) was appointed to independently support and critically evaluate the CCC’s 
assessment of the costs and benefits of a net-zero emissions target. Expert input was particularly 
valuable given the presence of issues at the boundaries of traditional analysis of costs and benefits. 

The group’s members were drawn primarily from the academic community and also included 
economists from business and industry. The group’s chair, Professor Paul Ekins of UCL, provided a 
summary report setting out the group's key conclusions, which are as follows: 

Costs and benefits of climate action generally 

• Relevant costs and benefits of climate action include (avoided) climate damage costs, (avoided)
climate adaptation costs, (avoided) other damage costs (e.g. air pollution, when they are called co-
benefits of GHG emission reduction) and the costs of emission reduction. The costs of emission
reduction are dynamic (they change over time) and endogenous (how they change depends on
the actions of government, business, other social groups and individuals).

• Static cost-benefit analysis (CBA) is not suitable in this case. Working incrementally up a 
marginal abatement cost (MAC) curve cannot capture dynamic effects that can reduce costs of 
MAC curve technologies. Uncertainties, irreversibility and potential tipping points in the climate 
response to GHG emissions cannot be captured by a static CBA.

• The costs and benefits of deep decarbonisation are unknowable with any precision. They
depend too fundamentally on uncertain outcomes, such as the damages from climate change in
the long term, and the evolution of the costs of low-carbon technologies over several decades.

• The structural changes underlying aggregate costs will be very large even though
macroeconomic costs of deep decarbonisation are likely to be small (or negative for a fossil fuel
importing country like the UK). The beneficiaries from the structural changes are unlikely to be the
same as the losers. The transition through these structural changes will need careful handling if
they are to be politically acceptable.

Specific case of a net-zero target versus an 80% target 

• Arguments for climate action in general still stand for a net-zero target. There are no grounds
for thinking that it will have a significant impact on economic growth provided policy is designed
appropriately.

• Mitigation action to achieve a net-zero target by 2050 is fully justified. Even if costs of
achieving a net-zero target in the UK are large relative to an 80% target, the avoided climate
damages from limiting temperature increase to 1.5˚C as opposed to 2˚C are likely to be large. The
UK is well placed to be among the economies most likely to benefit from a transition to net-zero
emissions.

• The clarity of a net-zero goal could help stimulate innovation. Under a net-zero target all
sectors need to decarbonise or offset their emissions. This removes uncertainty and the temptation
of sectors to lobby for a larger share of the remaining 20% of emissions. This clarity could cut the
cost of capital as well as stimulating innovation, thereby bringing down the overall cost of
mitigation.

Reflections on the CCC’s approach to assessing the costs and benefits of a net-zero target 

• The CCC's approach is robust and realistic, but resource costs should not be confused with
GDP impacts. Macro-modelling is required to generate GDP impacts. Macro-modelling in this area
suggests GDP costs of a net-zero target are likely to be small and could even be positive. It is not
clear that the CCC could have materially improved the evidence base with further macro-
modelling.
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Box 7.1. The CCC Expert Advisory Group on the costs and benefits of a UK net-zero emissions target 

• Considering transitional impacts and the distribution of costs and benefits is crucial.
Vulnerable households should not be adversely affected by the transition. Co-benefits such as
reduced air pollution are likely disproportionately to favour low-income and vulnerable people, the
former of whom tend to live in areas worst affected by air pollution. It is important that this is both
analysed and communicated properly.

• Good policy design is vital to keeping costs low and maximising benefits, including a stable
long-term direction with clear governance, regular reviews for flexibility, use of markets to find the
best solutions, support for large-scale deployment and research and development of new
technologies. Approaches should be tailored to the needs of each sector while maintaining
consistency across the system.

Source: Adapted by CCC from Costs and Benefits Advisory Group report, available at www.theccc.org.uk. 
Notes: The AG was chaired by Prof Paul Ekins (UCL) and included Mallika Ishwaran (Shell), Rain Newton-Smith 
(CBI), Philip Summerton (Cambridge Econometrics), Prof Karen Turner (University of Strathclyde) and Dimitri 
Zenghelis (UCL). 

Box 7.2. The dynamics of innovation 

The expert Advisory Group on costs and benefits emphasised that the dynamics of innovation are 
more wide ranging than described in section 2a: 

• New supply chains are created, and changing behaviours result in new business lobbies and a push
for more policies to support new technologies.

• Falling costs and increasing expectations of market size and future opportunities result in
additional investment and lower costs of financing, as the perceived risk of the technology is
reduced. There are fewer political and commercial barriers. New institutions are needed and old
ones repurposed.

• These factors can culminate in a tipping point, where incumbent technologies and networks
become redundant. Embracing the transition too late risks exposure to stranded or devalued
assets.

This points to the possibility of innovation occurring far faster than typically assumed, given the right 
policy environment:  

• Investing in these technologies can result in multiple dynamics that can push them past tipping
points and bring down costs far more than anticipated.

• Innovation in commercial arrangements, financial instruments and system management tools will
also be needed to adapt to the changing environment.

• As the future is inherently uncertain, pursuing a flexible decarbonisation strategy is key to bringing
down the costs of the challenge. If some options prove cheaper and others more expensive than
expected, a flexible approach can adjust to focus on the cheaper alternatives (for areas of the
economy with more than one low-carbon option).

Source: Adapted by CCC from Costs and Benefits Advisory Group report, available at www.theccc.org.uk 
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Figure 7.1. Costs of example low-carbon technologies compared to past projections 

Offshore wind 

Battery packs for electric vehicles 

Source: Offshore wind costs from CCC analysis based on DECC (2012) Electricity generation costs and LCCC (2019) 
CfD register. Battery pack cost forecasts from 2011 published in CCC (2015) Sectoral scenarios for the Fifth Carbon 
Budget, outturn costs from BNEF (2018) Electric cars to reach price parity by 2022. 
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(b) The impact of innovation on the costs of achieving carbon targets 

Overall, innovation and falling technology costs mean we now estimate that the UK's 80% 
emissions target could be met at a lower cost than we estimated in 2008 – under 1% of GDP in 
2050, rather than 1 – 2% of GDP (see section 3). 

That continues the historical experience in which emissions targets have been strengthened but 
cost estimates have not increased (Table 7.1): 

• The 2003 Energy White Paper set the ambition for the UK to reduce its carbon dioxide
emissions by 60% from 1990 levels by 2050 (equivalent to around a 55% reduction in
greenhouse gases). The report estimated that the annual economic costs of achieving this
target would be between 0.5 – 2.0% of GDP in 2050.

• In 2008, when the Committee recommended the UK's existing 2050 target to cut GHG
emissions by at least 80% relative to 1990 we estimated annual costs of 1 – 2% of GDP in
2050. 

• As set out in section 3 of this chapter, updated estimates for this report suggest that the
annual costs of meeting a stronger net-zero GHG target would be between 1 – 2% of GDP in
2050. 

Falling cost estimates over time emphasise the uncertainty inherent in predicting costs 30+ 
years into the future and the potential for rapid technological innovation to cut the costs of 
climate action. 

Table 7.1. Changes in cost estimates for long-term emissions goals 

GHG emissions reduction 
target (relative to 1990) 

Year and report Cost range estimated 
for 2050 

60% reduction in CO₂ (~55% 
reduction in GHG) 

2003 - Energy White Paper 0.5 - 2.0% of GDP 

80% reduction in GHG 2008 - Building a low-carbon economy – the 
UK’s contribution to tackling climate change 

1 - 2% of GDP 

100% reduction in GHG 2019 - this report 1 - 2% of GDP 

Source: Department for Trade and Industry (2003) Our energy future - creating a low carbon economy; CCC (2008) 
Building a low carbon economy – the UK's contribution to tackling climate change. 

(c) Assumptions on innovation in the future 

What is needed for a net-zero GHG target 

Chapters 5 and 6 set out the low-carbon technologies and behaviours that will be needed to 
achieve a net-zero GHG target. In summary, it will involve: 

• Resource and energy efficiency (e.g. in production processes, home appliances) and some
societal choices that cut demand for carbon-intensive activities (e.g. more active travel and
public transport, healthier diets with less reliance on livestock).
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• Extensive electrification of heat and transport (resulting in around a doubling of electricity 
demand by 2050) supported by a major expansion of low-carbon power generation. 

• Development of a hydrogen economy to service demands for energy in peak periods or 
energy-dense applications like long-distance HGVs, shipping and industry. By 2050, UK 
hydrogen production capacity is needed of comparable size to the UK's current fleet of gas-
fired power stations.  

• CCS in industry, with bioenergy and potentially for fossil hydrogen and electricity 
production, requiring CO₂ transport and storage infrastructure (capturing 75 – 175 MtCO₂ a 
year). 

• Changes in the way we farm and use our land to put much more emphasis on carbon 
sequestration and diverse agriculture, while shifting away from livestock (a fifth of UK 
agricultural land shifting to tree planting, energy crops and peatland restoration). 

These measures do not require technological breakthroughs to be feasible, but where they are 
technology-dependant some improvement is assumed.  

Costs of technologies to achieve net-zero emissions 

While there is significant uncertainty over future technological innovation, some low-carbon 
technologies have more scope for innovation than others. We make conservative assumptions 
about future technology cost reductions in our analysis (Table 7.2): 

• Renewable power generation. We have assumed modest reductions in the cost of 
renewables, although there is scope for costs of technologies such as offshore and onshore 
wind and solar PV to fall further through learning-by-doing during deployment, which 
continues to increase globally.  

• Nuclear power. Nuclear is a mature technology, but we assume cost reductions for future 
plants after Hinkley Point C from utilising similar plant design and lower cost financing 
arrangements (which the Government are currently considering). 

• Batteries. Batteries, like renewables, are commercialised at scale and have come down in 
costs significantly in recent years. With significant increases in expected roll-out of electric 
vehicles globally, cost reductions should continue.  

• Heat pumps. Heat pumps are prevalent in other countries and the technology is fairly well-
established, so we do not assume major technology cost reductions. However, future cost 
savings should arise from efficiencies in installation as the UK industry scales up. This may be 
a conservative assumption overall, as equipment costs could also fall, for example if different 
heat pump technologies are developed. 

• Hydrogen. The costs of hydrogen depend on how it is produced (e.g. gas reforming, 
electrolysis, gasification) and whether it is produced in the UK or imported. The hydrogen 
used in our net-zero scenarios is assumed to come mainly from natural gas reformation in 
the UK with CCS. While this currently appears to be the lowest cost option, we do not expect 
large cost reductions. This is an area where breakthroughs could occur and other 
technologies end up playing a much larger role. 

• Carbon capture and storage. CCS is still at the technology development and demonstration 
phase, although 43 large-scale projects are now operating or under development around the 
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world.177 Commercialisation and wide scale development of CCS is likely to be needed 
globally as decarbonisation efforts increase. There is scope for cost reductions in capture 
plants as the technology enters this development stage and less scope for cost reductions in 
CCS transport and storage infrastructure. We have conservatively assumed constant CCS 
costs, although clearly the starting point for these costs is uncertain and it will depend on 
how wholesale fuel (e.g. gas) prices evolve.178 

• Bioenergy with CCS (BECCS). Sustainable low-carbon harvested biomass used with CCS 
results in net emissions reductions. The costs shown in Table 7.2 are costs of BECCS for 
electricity generation but there are a range of other BECCS applications (e.g. hydrogen 
production, industrial combustion, production of aviation biofuels) which can provide similar 
overall net emissions reductions. As for CCS, we assume no cost reduction. 

• Direct air capture of CO₂ with storage (DACCS). DACCS is currently at the pilot stage, with 
a small number of pilot scale test facilities in operation globally. As costs of pilot 
technologies are very difficult to assess, costs of DACCS both now and in future are highly 
uncertain. The costs in Table 7.2 are based on a review undertaken by UKERC alongside this 
report. The modular nature of DACCS methods could see faster cost reductions with mass 
roll-out, although energy requirements are likely to remain high.  

Some abatement measures which may be required to achieve net-zero emissions are less 
technology-dependant (e.g. tree planting). The costs of these measures are not reflected in 
Table 7.2 but are discussed in the following section. 

Our technology cost estimates are inherently static and do not attempt to predict dynamic 
interactions between global actions and cost reductions. Although deployment of some of these 
technologies (e.g. offshore wind, heat pumps) will be significantly larger for a net-zero target 
than for an 80% target, we have not assumed that unit costs become cheaper as a result. Clearly 
there is scope for that to occur in reality with increased learning-by-doing, provided policy is 
sufficiently well designed and forward looking to avoid supply chain bottlenecks.  

It is also possible that the pace and breadth of low-carbon innovation could be greater under a 
net-zero emissions target that clearly signals the value of low-carbon technologies and practices 
in every sector of the economy. 

As set out in Chapter 6, whilst some decarbonisation challenges are fairly similar across different 
countries (e.g. transport) others are UK-specific (e.g. potentially switching the gas grid to 
hydrogen) and will require more UK action to develop the necessary technologies. 

 

 

 

                                                           
177 Global CCS Institute (2018) Global Status Report. 
178 CCS costs based on Wood Group (2018) Assessing the Cost Reduction Potential and Competitiveness of Novel (Next 
Generation) UK Carbon Capture Technology. 

745  



Chapter 7: Costs and benefits of a net-zero target for the UK   223 

Table 7.2. Assumed costs and cost reductions in key low-carbon technologies 

Technology Cost in 2025 Cost in 2050 Percentage cost reduction 

Power generation 

Offshore wind 69 (£/MWh) 51 (£/MWh) 26% 

Solar PV 47 (£/MWh) 41 (£/MWh) 13% 

Nuclear 98 (£/MWh) 71 (£/MWh) 28% 

Gas CCS 79 (£/MWh) 79 (£/MWh) 0% 

Heating 

Air source heat pumps 6,500 (£) 5,800 (£) 11% 

Hybrid heat pumps 

     With hydrogen 

     With biofuels 

7,300 (£) 

7,500 (£) 

6,600 (£) 

6,900 (£) 

10% 

8% 

Transport 

Batteries (for electric vehicles) 73 (£/kWh) 50 (£/kWh) 32% 

Fuel cells (for HGVs) 500 (£/kWh) 300 (£/kWh) 40% 

Removals 

Bioenergy with CCS 

     From UK biomass 

     From imported biomass 

125 (£/t) 

300 (£/t) 

125 (£/t) 

300 (£/t) 

0% 

0% 

Direct air capture with CCS 450 (£/t) 300 (£/t) 33% 

Hydrogen production 44 (£/MWh) 39 (£/MWh) 11% 

Source: CCC analysis. 
Notes: Heat pump costs are rounded to the nearest £100, costs correspond to capital and installation costs (they 
do not include costs of installing a hot water cylinder or heat battery or upgrading radiators). Hydrogen 
production costs correspond to hydrogen production using natural gas reformation which can then be used as a 
low-carbon fuel (hydrogen costs are therefore not comparable to the power generation costs). Gas prices in 2050 
are assumed to be 69p/therm (compared to 46p/therm in 2017), based on BEIS (2017) Fossil Fuel Price 
Assumptions. 
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3. Additional costs from pursuing a net-zero emissions target in the UK 
Our estimates based on the updated evidence set out in this report suggest that the annual 
costs of reducing GHG emissions to net-zero are in the same range as our 2008 estimates of 
achieving an 80% target – between 1 – 2% of GDP in 2050. This is the same cost that Parliament 
accepted when the Climate Change Act was passed in 2008, with significant cross-party support. 

We set out the analysis in the following sections: 

(a) Marginal abatement cost estimates  

(b) Total resource cost estimates 

(c) Uncertainty in cost estimates 

(a) Marginal abatement cost estimates 

Table 7.3 shows abatement costs (per tonne of abatement) of key emissions sources in 2050 to 
achieve a net-zero scenario, and the weighted average abatement costs in each sector in 2050. It 
highlights that there are many actions with low costs and some actions that are more expensive. 

Many sectors have low or negative average abatement costs: 

• Power. Even with network reinforcements resulting from extensive electrification, average 
marginal abatement costs in the power sector in 2050 are low at around £20/tCO₂e. Much of 
the high marginal costs from CCS (£80 – 120/tCO₂e) and hydrogen for peak power are offset 
by cost savings from renewables relative to high-carbon alternatives (-£5/tCO₂e). 

• Transport. Electric cars are expected to be cheaper to purchase than conventional cars by 
2030 and yield considerable savings in their running costs (without existing subsidies or 
advantageous tax treatment). Although there may be barriers to deploy low-carbon HGVs 
(e.g. roll-out of low-carbon refuelling infrastructure) new analysis for this report suggests it 
could result in cost savings from lower fuel costs (-£35/tCO₂e). This results in negative 
average marginal costs in the transport sector (-£35/tCO₂e). 

• Agriculture and Land use. Although some land-use measures have positive and sometimes 
high abatement costs (e.g. peatland restoration), many of the abatement measures in 
agriculture are productivity-enhancing and cost saving (e.g. nitrogen use efficiency which 
costs -£80/tCO₂e). Shifting towards healthier diets and reducing our reliance on livestock 
would not result in resource costs. 

• Aviation. Average abatement costs in aviation are negative in our scenarios, as cost saving 
fuel efficiency improvements (-£50/tCO₂e) more than offset higher costs from biofuels (£125/ 
tCO₂e). Aviation demand reduction is not assumed to result in resource costs, although there 
could be a welfare loss to individuals from flying less than they might otherwise wish to.  

• Waste. Abatement measures include a ban on waste sent to landfill and increase in recycling 
rates (with a cost of £30 – 100/tCO₂e, reflecting the higher cost of alternative waste 
treatment approaches compared to landfill), and a reduction in household food waste 
(which represents a cost saving).  
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Table 7.3. Average abatement costs by sector and measures (2050) 

Sector or measure Abatement cost 

(£/tCO₂e) 

Sector or measure Abatement cost 

(£/tCO₂e) 

Power 20 Agriculture -55 

  Variable renewables -5   Agricultural soils -80 

  Firm low carbon power 50 Land use 85 

  CCS for mid-merit generation 80 – 120   Tree planting 10 

Residential buildings 155   Forestry management -50 

  New homes 70   Peatland restoration See note 

  Heat in space constrained homes 310 Waste 10 

  Heating in homes off the gas grid -20 Transport -35 

Non-residential buildings 95   Cars -40 

Industry 120   Buses 200 

  Iron and steel 100   HGVs -35 

  Cement 95 Aviation -10 

  Stationary combustion 120   Fuel efficiency -50 

Engineered removals -   Biofuels 125 

  Bioenergy with CCS 125 – 300 Shipping 200 

  Direct air capture with CCS 300 F-gases -10 

Source: CCC analysis. 
Notes: Costs correspond to the Further Ambition scenario and are rounded to the nearest £5/tCO₂e. Not all 
sectoral emissions sources are included. Costs of demand measures (aviation demand, diet shift and transport 
modal shift) are assumed to be zero. CCS cost range reflects different uses of CCS (lower bound is cost of CCS for 
firm power and upper bound for peak power).  
Peatland restoration costs vary significantly, between £75 – 5,885/tCO₂e (depending on e.g. type of peatland 
restored, ease of access to the location), but these estimates ignore significant co-benefits resulting from 
restoration. Lower bound BECCS costs correspond to costs using domestically produced bioenergy, while 
upper bound corresponds to imported bioenergy. 
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Average abatement costs are higher for buildings, industry and engineered GHG removals: 

• Buildings. Although some energy efficiency measures are cost saving, the switch to low-
carbon heating (e.g. heat pumps or hydrogen gas) is expected to be expensive in new and
existing homes (average cost of £155/tCO₂e for abatement in residential buildings) and in
non-residential buildings (average cost of £95/tCO₂e). Costs will be lower (but still positive)
for new homes and there could be savings off the gas grid, but compared to gas heating in
existing homes, heat pumps involve much higher installation costs and similar running costs.

• Industry. Decarbonising industry relies on measures like switching to low-carbon fuels and
adding CCS to industrial emissions, which result in relatively high costs, often around £100/
tCO₂e. Resource and energy efficiency would reduce costs by reducing requirements for
material and energy inputs.

• Engineered removals. BECCS and DACCS are both expected to be expensive. The costs of
BECCS are assumed to vary depending on the bioenergy source, with BECCS using
domestically produced bioenergy costing less (£125/tCO₂e) than that using imported
bioenergy (for which we assume the price increases to £300/tCO₂e to reflect its carbon
content and potential to offer an emissions removal credit). Based on the mix of feedstocks
in our Further Ambition scenario BECCS has a weighted average cost of around £160/tCO₂e.

Our aggregate cost estimates below are therefore dominated by costs of decarbonising 
buildings and industry and of large-scale engineered removals of CO₂ from the atmosphere. 

(b) Total resource cost estimates 

Costs of decarbonisation have been estimated based on the scenarios set out in Chapter 5, and 
the estimated costs of low-carbon approaches shown in Table 7.3.  

These resource costs represent the technical cost of delivering abatement measures. We 
frequently express resource costs as a percentage of GDP to provide a point of comparison, but 
resource costs are not necessarily equivalent to GDP impacts. Box 7.3 provides a description of 
our approach to estimating costs and the distinction between resource costs and GDP impacts. 

Figure 7.2 shows annual resource costs of meeting a UK net-zero GHG target in 2050 and costs of 
meeting the current 80% reduction target: 

• Costs of an 80% target. Our central estimate is that the existing 80% target could be met at
an annual resource cost of around 0.3% of GDP in 2050:

‒ This is the cost of meeting our Core scenario, based on low-cost, low-regret options that
combined achieve a 77% emissions reduction relative to 1990 levels. 

‒ We assume that the extra 3% of abatement can be achieved in a cost-neutral way (e.g. by 
adding some abatement from HGVs, which we expect to be cost-saving but which are 
not included in the Core scenario given the significant barriers to their uptake). 

‒ Costs could be higher if a more expensive set of measures were pursued (e.g. if BECCS 
using imported biomass were pursued instead of tackling barriers to low-carbon HGVs 
costs would increase to 0.6% of GDP in 2050. 
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Box 7.3. How we calculate the costs of emissions abatement 

The Committee has assessed the costs of decarbonisation in the past by looking at the technical costs 
of delivering abatement measures (resource costs) and by assessing wider economic effects of 
decarbonisation, using economic models (GDP impacts). 

Resource costs 

We have tended to focus on 'resource costs' when quantifying the impact of emissions reduction 
targets: 

• Resource costs are estimated by adding up costs and cost savings from carbon abatement 
measures, and comparing them to costs in an alternative scenario (generally of a hypothetical 
world with no climate action or climate damages). 

• For example, installing energy efficiency measures (e.g. loft insulations, cavity wall insulations) in 
homes has an upfront cost but reduces demand and emissions. There is an investment cost from 
installing the measures (e.g. labour costs, costs of building materials), followed by an ongoing 
stream of fuel and cost savings. The total resource cost of the measure will be the sum of its 
annualised costs and cost savings. This exercise would be applied to all abatement measures in the 
economy to estimate total resource costs. 

GDP impacts 

We frequently express resource costs as a percentage of GDP to provide a point of comparison, but 
resource costs are not necessarily equivalent to GDP impacts: 

• The transition to a low-carbon economy will result in multiple adjustments in the balance of 
economic activity (i.e. dynamic effects) which are not captured by resource cost estimates, and will 
depend on policies put in place to achieve carbon targets. 

• As resource costs show net cost differences between high and low-carbon alternatives they can 
mask the structural change required. For example, a wind farm over its lifetime may generate 
power at similar cost to a gas-fired power station and hence have zero resource cost, but will 
require a structural shift from annual spending on fuel (gas) to an upfront investment in building 
the wind farm (and no future fuel costs). Although our resource cost estimates of decarbonisation 
are relatively small, the structural change required to meet targets is large. 

Despite the limitations of resource costs they are a useful approach to assess the scale of the likely 
impacts of decarbonisation. The Advisory Group appointed for this project support this approach, 
while pointing out that: 

• To assess GDP impacts of decarbonisation economic models should be used. Different models 
provide different results – some suggest that decarbonisation will result in negative GDP impacts, 
while others suggest positive impacts.  

• Differences arise from the economic theory underpinning a model and assumptions such as the 
economy's starting point in terms of spare capacity (e.g. relative to sources of finance, or spare 
labour capacity) and whether dynamics of innovation are factored in. 

The Advisory Group Chair's report accompanying this publication describes these mechanisms in 
detail. We do not take a view on the merits of different models or economic schools of thought. 
However, whether positive or negative, models tend to agree that the economic impacts of low-carbon 
scenarios are a few percentage points of GDP – in the same range as our resource cost estimates. 
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• Costs of a net-zero GHG target. Our central estimate is that a net-zero GHG target could be 
met at an annual resource cost of around 1.3% of GDP in 2050 (i.e. around 1% higher than 
the costs of the existing 80% target): 

‒ This estimate is based on our Further Ambition scenario, which includes more 
challenging or more expensive abatement options than the Core scenario and achieves a 
96% reduction in GHG emissions from 1990. The cost of these additional measures is 
equivalent to around an extra 0.6% of GDP in 2050 (relative to the cost of measures in the 
Core scenario). 

‒ For our total resource cost estimates, we assume that the remaining 4% of emissions are 
offset with imported BECCS and DACCS at a cost of £300/tCO₂e (with a total cost of 
around 0.3% of GDP in 2050). If none of the Speculative options could be delivered and 
international carbon units were needed instead, then this is also a reasonable estimate 
for the cost of offsets that reflect genuinely additional action overseas (e.g. based on CO₂ 
removals). 

‒ This is a cautious approach. If instead the extra 4% of abatement could be achieved with 
cost-neutral Speculative options (e.g. a further shift towards healthier diets, reduction in 
aviation demand and additional afforestation) then the estimated annual costs of 
reaching net-zero GHGs would reduce to 1% in 2050. 

Given broader uncertainties (discussed further below) this annual cost for a net-zero GHG target 
is best described as around 1 – 2% of GDP: 

• Long-term GDP growth. We use the Office for Budget Responsibility's (OBR) baseline GDP 
growth assumption to estimate GDP in 2050, which assumes annual GDP growth of 2.2% 
from 2027 to 2050.179 If GDP growth were lower out to 2050 (e.g. continuing the OBR's 
medium-term trend of 1.6% per annum in the longer term) the annual costs of achieving a 
net-zero target would be 1.5% of GDP in 2050. This estimate does not allow for any reduction 
in the absolute abatement cost that could follow from lower energy demand under a lower 
GDP growth rate. 

• Lower fossil fuel prices. The central cost estimates above use BEIS's central values for future 
gas and oil prices. If fossil fuel prices were at the lower end of the BEIS estimates then the 
relative costs of low-carbon technologies would be higher. That would increase our annual 
cost estimate to 1.8% of GDP in 2050 (or 2.1% of a lower 2050 GDP). High fossil fuel prices 
would reduce the estimated cost to 0.9% of GDP. 

• Technology costs. We discussed above the potential for innovation to bring technology 
costs down faster than expected. Sensitivities on technology costs for our 2012 analysis of 
the 2050 target suggested that they would add +/- 0.3 – 0.4% of GDP to the central cost 
estimate.180 

This cost of 1 – 2% of GDP reflects annual costs in 2050 of all abatement measures that are in 
place in that year. Annual cost profiles leading up to 2050 will vary across the sectors, but are 
likely to be lower in earlier years of the transition: 

• In our fifth carbon budget analysis we estimated total annual costs in 2030 of under 1% of 
GDP.  

                                                           
179 OBR (2018) Fiscal Sustainability Report. 
180 CCC (2012) International Aviation & Shipping Review. We estimated annual costs of achieving an 80% reduction 
target relative to 1990 levels of 0.1-1.0% of GDP in 2050, with central case estimates of 0.5% of GDP.  
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• Our fifth carbon budget scenarios are based on higher renewable and battery costs than
those observed in recent years, so these costs are likely to be an over-estimate.

• However, a pathway to net-zero GHG emissions in 2050 is likely to require further
decarbonisation in 2030 than our fifth carbon budget scenario, which could result in higher
costs.

The balance of resource costs across Scotland, Wales and Northern Ireland is broadly in line with 
their shares of emissions (Box 7.4). However, where it is paid will depend on the policies used to 
deliver it (e.g. currently subsidies for low-carbon power are socialised across energy bill payers 
across the whole of the GB energy market). 

Figure 7.2. Central estimates for annual resource cost of meeting a net-zero GHG target (2050) 

Source: CCC analysis. 
Notes: Costs are attributed to sectors where low-carbon actions occur (e.g. costs of low-carbon hydrogen 
production are included in the sector where it is used); policy will determine where the costs actually fall (e.g. 
some costs might be taxpayer funded; some removals might be paid for by the aviation sector). Co-benefits (e.g. 
health benefits from improved air quality) are not included. 2050 GDP is assumed to be around £3,900 billion in 
line with baseline GDP growth assumptions from the Office for Budget Responsibility. 
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Box 7.4. Resource costs in the devolved administrations 

In assessing the economic costs to society of reducing emissions in the UK, we have considered the 
costs of abatement in Scotland, Wales and Northern Ireland on a social basis, but have not carried out 
separate, detailed cost analyses for each nation.  

It is important to recognise that the average costs of reducing emissions will vary across the devolved 
administrations, as the pattern of measures to reduce emissions will be different compared to the UK 
as a whole. For example, a higher share of UK costs will go towards decarbonising industry in Wales, 
whereas there are higher costs associated with peatland restoration and engineered removals in 
Scotland. Up to 11% of the total costs of Speculative options to achieve net-zero may be spent on 
actions to reduce emissions in Scotland. 

Most of these costs will be socialised across the whole of the UK. Many of the actions to reduce 
emissions will be paid for at UK level, and therefore any social costs for Scotland and Wales cannot be 
interpreted as fiscal costs to the devolved governments or to Scottish and Welsh businesses and 
consumers. 

Based on the total change in sectoral emissions between 2016 and 2050 in our Further Ambition 
scenario, 10 – 13% of total UK costs would go towards reducing emissions in Scotland, 6 – 9% to 
reducing emissions in Wales and 2 – 3% in Northern Ireland (Figure B7.4). This is broadly in line with 
their current share of emissions. 

Figure B7.4. Estimated costs of decarbonising Scotland, Wales and Northern Ireland 

Source: CCC analysis. 
Notes: UK costs refer to central cost estimates for achieving a net-zero target. The proportion of costs for the 
devolved administrations relative to the UK total shown is the upper limit of the range. 

(c) Uncertainty in cost estimates 

The costs set out in Figure 7.2 represent our best assessment on a range of future assumptions 
such as technology costs and availability, costs of financing capital investment and behaviour 
change. They are of course uncertain, but the broad order of magnitude of the aggregate annual 
cost (1 – 2% of 2050 GDP) is likely to be robust. 
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1.3% of GDP
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Uncertainties 

There is, inherently, significant uncertainty when making assumptions of this type so far into the 
future (as past cost estimates suggest) and several factors could result in lower or higher costs: 

• Technology costs. Our estimates are relatively conservative on future cost reductions 
compared to recent experiences of renewable power and batteries (see section 2). The 
dynamics of innovation described in the previous section could mean that the technologies 
required to achieve net-zero emissions (including GHG removals) end up costing less than 
we assume, bringing down total costs of meeting targets. 

• Demand reductions. We have also been cautious on the extent to which behavioural 
change and digitisation/automation can drive down demand across sectors. For example, a 
greater shift to a sharing economy could reduce demand for carbon-intensive goods and 
reduce the cost of decarbonising their production. 

• Ineffective policy. Our cost estimates assume policy is able to deliver decarbonisation 
efficiently. Poorly designed policy could result in higher costs – for example, uncertainty in 
the direction of future policy support for a technology can increase the policy risk premium, 
resulting in higher financing costs. 

• Policy delay. Scenarios are designed and costs estimated on the basis that action starts 
without delay, allowing time for decisions to be made, for innovation and market 
penetration, and stock rollover. Delayed decisions could lead to early scrappage of 
investments that are made despite being inconsistent with emissions targets. 

• Innovation and investment risk. Conversely, setting a revised long-term target now and 
ensuring a stable policy framework to achieve it could help to stimulate innovation and to 
reduce investment risk, which could bring down the cost of capital of low-carbon 
technologies. For many low-carbon options where capital costs are a significant part of 
overall costs, such as renewable generation, the benefits of this have already been observed. 

These uncertainties mean it is not sensible to be overly precise in reporting cost estimates (e.g. 
we emphasise our estimate of 1 – 2% of GDP, rather than our central estimate of 1.3%). However, 
provided policy is developed in an effective and timely manner, there appears to be more 
opportunity for upside of lower costs than downside risk of higher costs. 

Risks and flexibilities 

A key difference between achieving the current target and a net-zero GHG target is some loss of 
flexibility. Under an 80% target some of the more expensive or harder-to-abate elements of the 
economy may not need to be decarbonised, but under a net-zero target, all sectors need to be 
decarbonised (or their emissions offset by removing an equivalent amount of emissions from 
the atmosphere). 

Although our cost estimates are based on reasonable assumptions over plausible scenarios, and 
do not involve excessive costs for the additional 20% abatement, there could be a risk that the 
last few million tonnes of emissions (e.g. the last 5%) end up much costlier than we expect. 

There are several mitigating factors that make this risk a manageable one: 

• Experience to date suggests that the most expensive measures could be the early actions as 
much as the later ones, as innovation takes effect. For example, in 2008 we expected offshore 
wind to remain an expensive technology, but despite significant costs early on, it is now 
expected to be low cost or cost-saving in future. 
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• Even if the last 5% is expensive on a per unit basis, the overall costs will be limited. Our cost 
estimates already assume a high unit cost (£300/tCO₂e) based on conservative assumptions 
over cost reductions for removal technologies. Even if all of the additional 20% of abatement 
(i.e. 170 Mt) costs £300/tCO₂e, overall annual costs still would not exceed 2% of GDP in 2050. 

• The last few tonnes of emissions are only likely to be very expensive to abate if the rest of the 
world has not pursued significant decarbonisation efforts. If the rest of the world is 
decarbonising, global deployment can be expected to bring down technology costs. 

• In the case that the rest of the world has not kept up with the UK's decarbonisation efforts, 
and technology costs are excessively high for marginal abatement in the UK, it is likely that 
marginal costs in other countries will remain low. In that case the UK could avoid excessive 
costs by purchasing international carbon units instead. The Climate Change Act would also 
allow the target to be revisited in such a case as it would involve a significant change from 
international circumstances today where there is widespread commitment to the Paris 
Agreement. 

There should be reasonable confidence therefore in the overall magnitude of our cost estimates 
– and flexibility to respond if actual costs turn our much higher as a result of lack of action 
elsewhere. 

External cost estimates 

External estimates of the costs of reducing emissions to net-zero also support the conclusion 
that costs are unlikely to be more than a very small fraction of GDP (and there could be benefits): 

• European Union. The European Commission’s 2050 long-term strategy estimated that a net-
zero GHG scenario for 2050 could be achieved at an annual GDP impact to the European 
Union of between a 1% GDP cost and a 0.6% GDP boost in 2050, relative to an 80% reduction 
scenario. The impact relative to a current policies baseline ranged from a cost of 1.3% to a 
boost of 2.2% of GDP in 2050. The range of estimates is driven by the use of different models 
(see Box 7.3).181 

• G20. The OECD’s modelling also suggests a small impact to GDP from climate change 
mitigation. It estimated an average annual GDP cost across G20 countries of 0.3% in 2050 for 
a scenario with 66% probability of limiting temperature rise to 2°C, relative to a scenario with 
50% probability, and benefit of 2.5% of GDP in 2050 relative to a baseline.182 These estimates 
assume a 'decisive transition', where structural reform, fiscal initiatives and green innovation 
accompany carbon abatement policies. 

• The Energy Transitions Commission estimates that decarbonising the 'hard-to-treat' 
sectors (heavy industry and heavy transport) would cost less than 0.5% of global GDP by 
mid-century.183 

                                                           
181 European Commission (2018) In-depth analysis in support of the Commission Communication COM(2018) 773 - A 
Clean Planet for all - A European long-term strategic vision for a prosperous, modern, competitive and climate neutral 
economy. 
182 OECD (2017) Investing in Climate, Investing in Growth. 
183 Energy Transitions Commission (2018) Mission Possible - Reaching net-zero carbon emissions from harder-to-abate 
sectors by mid-century. 
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While these analyses suggest a range of uncertainty they all point to a small overall effect and 
suggest that it is possible that GDP could end up higher under scenarios with strong action to 
cut emissions.  

4. Additional benefits from pursuing a net-zero emissions target in the 
UK 
Set against the costs, there will be significant benefits, including avoided costs. These are not as 
straightforward to monetise, but nevertheless important. We consider those in this section, 
which has three parts covering the three main benefits likely to follow from a net-zero GHG 
target: 

(a) Avoided climate damages 

(b) Economic opportunities 

(c) Health and environmental impacts 

(a) Avoided climate damages 

Chapter 2 described the global impacts of climate change and the benefits of global action to 
reduce risks more rapidly and limit future increases in climate risks. 

The maximum level of warming reached will depend on the total CO₂ emitted before global CO₂ 
emissions reach net-zero. This means that all countries will have to reduce emissions rapidly to 
avoid high levels of future warming and large climate risks. Chapters 3 and 4 suggest that an 
ambitious net-zero GHG emissions goal in the UK can help support the global efforts to reduce 
emissions faster and limit future increases in climate risk. 

Any efforts to keep future warming closer to today's levels than the current 3˚C trajectory will 
bring benefits by limiting increases in climate risks globally (Chapter 2). It would also help limit 
future climate risks to the UK: 

• Direct climate risks in the UK include increasing risks of flooding, extreme heat and coastal 
erosion. Heat waves such as in summer 2018 created wildfires and impacted on agricultural 
output. The UK winter floods of 2013/14 were made more likely by climate change and 
caused an estimated £450 million in insured losses. These risks will increase in the future, but 
can be limited by global emissions reduction. For example, water deficits would be expected 
in around 25% of water resource zones if global warming increases to 4˚C by 2100, but only 
in 15% of zones if warming is restricted to 2˚C.184 

• Indirect climate impacts abroad will also affect the UK as climate change could disrupt 
interconnected global systems:  

‒ Increasing risks from extreme weather events could lead to large numbers of people 
being affected by weather disasters and displaced from their homes, possibly increasing 
migratory pressures elsewhere in the world and risks of conflict.  

‒ Climate change has already had an impact on crop yields around the world, and severe 
risks to global food systems could occur if warming continues unchecked. These risks 
could affect the UK as a net food importer. Action to reduce emissions will help limit the 
increases in these risks as long as land is managed effectively to avoid conflicts with food 

                                                           
184 CCC (2017) Climate Change Risk Assessment 2017 Evidence Report. 
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production (e.g. ensuring increased demand for bioenergy crops does not push up food 
prices by competing for land with agriculture). 

Monetising the benefits of keeping climate risks to lower levels is challenging: 

• Modelled costs involve many embedded assumptions and considerable uncertainties, 
including uncertainty over the extent of climate adaptation actions. There are also difficult 
ethical and economic judgements over the appropriate weighting given to costs far in the 
future and to the risks of irreversible and far-reaching impacts. 

• Modelled costs vary significantly between the model and methodology used, with different 
ranges of sectors and impacts included in each.   

• Abrupt future changes in the climate (such as ecosystem collapse) can be difficult to predict 
with their economic consequences challenging to model if they were to occur.  

Despite these challenges, recent studies have begun to look at the economic impacts of keeping 
warming to the lower end (1.5˚C) of the Paris Agreement long-term temperature goal, compared 
to higher levels of warming. One study finds that limiting warming to 1.5°C rather than 2°C 
would avoid annual worldwide damages in the range of 1.5 – 2.0% of global GDP by mid-
century.185 An additional study highlights that keeping warming to 1.5˚C is expected to be 
particularly beneficial to poorer countries in the tropics, which are generally impacted the most 
by climate change.186 

(b) Economic opportunities 

Reducing GHG emissions to net-zero by 2050 will involve major shifts within the UK economy, as 
spending on fossil fuel imports is reduced and UK investment increases. These changes are set 
against a changing global economy, where demand for low-carbon goods and services are 
increasing rapidly and old carbon-intensive business models are under threat. 

This section considers what that means for UK economic opportunities, beginning with the 
experience to date. We also consider potential implications for productivity and financial 
stability. 

The story of clean growth in the UK so far 

The UK has successfully reduced emissions whilst growing its economy in recent decades:  

• UK emissions have fallen far more quickly than the G7 average, while the UK economy has 
broadly matched average economic growth in these countries (Figure 7.3). 

• Some of the progress in decoupling of economic growth and energy use reflects energy 
efficiency improvements. 

The Government’s Industrial Strategy has identified the global shift to a green economy as a 
major industrial opportunity and its Clean Growth Strategy recognises the potential for this to be 
a positive contribution to the economy, rather than a burden to be minimised. 

                                                           
185 Burke et al. (2018) Large potential reduction in economic damages under UN mitigation targets. Nature 557, 49-
553. 
186 Pretis, F. (2018) Uncertain impacts on economic growth when stabilizing global temperatures at 1.5 C or 2 C 
warming. Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences 376 
(2119), p.20160460. 
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Growth in low-carbon industries has outpaced overall economic growth in the UK in recent 
years. As decarbonisation efforts ramp up globally there is scope for significant further growth in 
the low-carbon sectors: 

• The UK’s low-carbon and renewable energy economy directly generated £44.5 billion in
turnover in 2017 (less than 1% of the UK non-financial business economy), an increase of
6.8% when compared with 2016.187 These estimates are limited to direct activity only (i.e.
excluding the supply chain) and use a narrow definition of the low-carbon sector (e.g.
excluding financial services) which suggests that there is a bigger low-carbon economy than
these numbers indicate.

• Figures including both indirect and direct activity (though still using the same narrow
definition) put turnover in the low-carbon economy at £79.6 billion in 2017, an increase of
8.2% on the previous year.188 Turnover in the whole of the UK business economy grew by
5.6% over the same period.189

• Delivering the goals of the Paris Agreement will require annual global investment in energy
markets of $1.6 – 3.8 trillion on average until 2050, with most of this redirected to low-carbon
technologies (see Chapter 3).190 The UK is well placed to tap into many of these markets and
continue to grow its low-carbon economy.

The higher growth in low-carbon sectors in part represents a shift in resources to these sectors 
from other productive uses, so does not necessarily imply a boost to overall economic growth. 
Rather it signifies the growing importance of the low-carbon sectors to the economy more 
generally. 

187 Defined as economic activities that deliver goods and services that generate significantly lower emissions of 
greenhouse gases; predominantly carbon dioxide. ONS (2019) Low carbon and renewable energy economy, UK: 2017. 
188 Indirect low-carbon economy activity statistics are experimental. 
189 UK business economy turnover corresponds to provisional estimates of the non-financial business economy. ONS 
(2018) Non-financial business economy, UK (Annual Business Survey): 2017 provisional results. 
190 Corresponds to supply-side energy market investments, in 2010 prices. IPCC (2018) Chapter 2 - Mitigation 
Pathways Compatible with 1.5°C in the Context of Sustainable Development. 
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Figure 7.3. Change in greenhouse gas emissions and in real GDP in the UK and in G7 countries 

Source: IEA (2018) CO2 Emissions from Fuel Combustion Statistics: Indicators for CO2 emissions; IMF DataMapper; 
BEIS (2018) 2017 UK Greenhouse Gas Emissions, Provisional Figures; ONS (2018) Gross Domestic Product: chained 
volume measures: Seasonally adjusted £m; CCC calculations.   

Industrial opportunities for the UK 

As decarbonisation efforts strengthen internationally (see Chapters 2 and 3) there will be 
growing global markets for low-carbon goods, services and related knowledge. There is scope 
for the UK to capture some of this opportunity. 

In 2017, the Committee commissioned Ricardo to assess the potential economic opportunity of 
a global transition to a low-carbon economy, consistent with keeping global temperature rise to 
2°C.191 Ricardo’s assessment suggests that global markets for low-carbon goods and services, in a 
world taking actions to reduce emissions, will expand many times over: 

• The global market for products and services related to the production of low-carbon
electricity could expand at an annual average rate of 5 – 7% between 2015 and 2030, and 4 –
5% from 2030 to 2050.

• The global market for products and services related to low emission vehicles (including
battery electric vehicles, plug-in hybrid electric vehicles and fuel cell electric vehicles) could
grow at an average annual rate of 25 – 30% to 2030, and then around 7% from 2030 to 2050.

• The global market for low-carbon financial services could grow at annual average rates
exceeding 10% to 2030, before settling back to annual growth around 2 – 3% from 2030 to
2050. 

The increase in worldwide ambition suggests even more and faster growth in global low-carbon 
markets than that estimated in Ricardo’s analysis.  

191 Ricardo (2017) UK business opportunities of moving to a low-carbon economy, available at www.theccc.org.uk. 
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If the UK reduces GHG emissions to net-zero by 2050 it will be amongst the early-movers in 
deploying many key low-carbon technologies and services (see Chapters 3 and 4). In a world 
where demand for low-carbon goods and services is rapidly expanding, being an early mover 
could mean developing expertise in some of these areas early on, providing export 
opportunities to other countries as their demand continues to grow.  

Experience from Denmark (wind) and Germany (solar) demonstrates that local industries can 
develop to service local demands. However, these will not necessarily be sustained (e.g. 
Denmark still has a large wind industry, but much of solar production has moved from Germany 
to China). 

Industrial benefits from developing low-carbon markets are possible, but not guaranteed and 
often depend on effective industrial policies.  

The are several areas where decarbonisation could provide industrial opportunities to the UK, 
many of which are more likely to occur if the UK is aiming to achieve net-zero GHG emissions 
(Box 7.5): 

• Finance and insurance. The UK is already a world leader in finance and insurance. The 
investment requirements of the transition to net-zero emissions will be significant worldwide 
and the UK is well-placed to lead on developing products to finance low-carbon investment 
(e.g. green bonds, green mortgage products) and on emissions credit markets, which are 
likely to be needed under global decarbonisation efforts. The UK is also already at the 
forefront in thinking about these issues – the Government has set up a Green Finance 
Taskforce to provide recommendations on delivering the investment needed to decarbonise 
and on maximising the UK’s share of the global green finance market. 

• Low-carbon power and vehicles. The extensive global deployment of low-carbon power 
and electric vehicles needed under ambitious decarbonisation efforts will require products 
and services in specialised industries that the UK has existing expertise in, like low-carbon 
finance, insurance and consulting, power systems transmissions, membranes and catalysts. 
This does not mean that the UK will be the main manufacturer of these products, but parts of 
these supply chains fit with the high-value added industries where the UK has a comparative 
advantage.  

• Greenhouse gas removal and storage. Greenhouse gas removals (GGR) are an important 
feature of most global scenarios that meet the Paris Agreement's temperature goals and will 
be crucial for the UK if it is to achieve net-zero emissions. The UK has a potential advantage in 
these areas due to its existing supply chains, infrastructure and geological storage capacity.  

• Low-carbon production inputs. Deeper decarbonisation of industries like steel and cement 
will be needed in the UK to achieve net-zero emissions. Greater international demand for 
low-carbon industrial products could be an opportunity for UK firms, if they start to 
decarbonise their manufacturing processes sooner. 

Realising these economic benefits will depend on good policy alongside a net-zero target. In 
particular, it requires policies to support UK supply-side developments to deliver the 
technologies demanded by the net-zero transition. 

Funding for development of early-stage low-carbon technologies has already been identified as 
a priority by the Government (e.g. through the Industrial Strategy Challenge Fund).192 For early-

                                                           
192 The Industrial Strategy Challenge Fund pledges to invest in areas where the UK already has a comparative 
advantage and where global markets are fast-growing and sustainable, and has shortlisted areas such as electric 
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stage funding to translate to actual economic benefits it will need to be followed up with a 
coherent, predictable and stable policy regime that supports further roll-out. A stable and 
credible funding stream could also result in further crowding in of private investment, leading to 
additional economic benefits. 

Innovation and productivity opportunities 

While there is an upfront cost to shifting investment from slow-growing, high-carbon sectors to 
new low-carbon technologies, doing so also increases possibilities for innovation and 
productivity improvements: 

• Technologies and practices in many high-carbon sectors are well established with limits to 
further innovation and productivity gains, whereas less mature technologies like renewables 
have more scope for learning-by-doing and productivity improvements. 

• Emissions targets that limit carbon-intensive practices could encourage businesses to adopt 
more productive technologies and processes, resulting in productivity improvements. For 
example, resource and energy efficiency in manufacturing could result in cheaper unit 
production costs, resulting in higher productivity. 

• We have had clear feedback from our Call for Evidence on the value of clarity. A net-zero 
target would increase clarity of the Government's intent and direction of travel and increase 
confidence in future markets for low-carbon products. This could in turn reduce the 
perception of risk and bring down the cost of capital of financing these products. 

• Benefits are likely to extend beyond the technology or area that receives investment. There is 
evidence to suggest that spillovers from green investment and innovation are much greater 
than those from high-carbon spending.193  

These benefits are of course not guaranteed, and will again depend on good policy to drive 
them. 

 

 

 

 

 

 

 

 

 
  

                                                           
transport (including the future of flight), smart sustainable packaging and industrial decarbonisation to receive a 
combination of Government and industry funding. 
193 Dechezlepretre et al. (2017) Knowledge spillovers from clean and dirty technologies. Grantham Research Institute 
Working Paper series ISSN 2515-5717. 
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Box 7.5. UK business opportunities in the global transition to a low-carbon economy 

Ricardo developed a methodology to assess the potential scale of UK business opportunities from 
decarbonisation, based on estimated timelines for deployment of technologies in markets where the 
UK has strengths, in a world committed to a low-carbon transition. The assessment is necessarily 
uncertain, but identified a number of areas of potential business opportunities for the UK (Table B7.5). 

Table B7.5. Assessment of UK potential to capture market share and examples of current UK 
strengths 

Low-carbon economy 
sector 

Potential to capture market 
share 

Examples of current UK 
strengths 

Energy efficient products Medium 
Smart Grids, advanced building 

design, materials and 
manufacturing systems 

Energy from waste and 
biomass 

Low to Medium 
Biofuels, waste recycling 

techniques 

Low-carbon electricity Medium 
Off-shore wind, energy storage, 

solar PV 

Low-carbon services High Finance, insurance, consultancy 

Low emission vehicles, 
infrastructure, fuels cells and 
energy storage 

Medium to High 
Power systems and 

transmissions, batteries, 
logistics, telematics 

Other products and services Medium to High 
Membranes, catalysts, 

bioprocessing 

Source: Ricardo (2017) UK business opportunities of moving to a low carbon economy, available at 
www.theccc.org.uk 

Financial stability 

One of the benefits of achieving a net-zero GHG target is a reduction in the financial sector's 
exposure to physical risks from climate-related damages. It could also reduce systemic exposure 
to the risks of being unprepared for the necessary transition in capital and investments. 

The Bank of England has highlighted two potential risks to the financial system arising from 
climate change: 

• Physical risks of climate change (e.g. climate damages resulting in financial losses or high
insurance claims).

• Transitional risks to the financial system arising from the adjustment towards a low-carbon
economy, prompting a reassessment of asset values.
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The Bank is already taking measures to manage the financial risks of climate change by 
enhancing the Prudential Regulation Authority's approach to supervising these risks and the 
resilience of the UK financial system to climate change.194 It will soon set out how it wants banks, 
insurers and investment companies to manage financial risks from climate change. 

(c) Health and environmental impacts 

Many of the actions to cut GHG emissions will also tend to cut other pollutants associated with 
the burning of fossil fuels. These and other measures will bring co-benefits, such as more 
comfortable homes (from energy efficiency), improved health (from reduced red meat 
consumption and more active travel choices) and ecosystem benefits (from afforestation). 

The co-benefits from reaching net-zero GHG emissions in 2050 will be significant and could 
partially or fully offset the resource costs of achieving the target. We first consider those impacts 
that can be monetised and then impacts that are harder to quantify. 

Monetised impacts 

We commissioned Ricardo in 2013 to undertake a survey of the health and environmental 
impacts of a low-carbon scenario in 2030, on the pathway to the current target: 

• The greatest co-benefits of low-carbon measures were found to be congestion reduction and 
health improvements from a reduction in car travel (and corresponding increase in walking, 
cycling and public transport use), health benefits from a shift towards less meat-intensive 
diets and air quality and noise benefits from low-carbon vehicle roll-out.  

• Monetising these impacts in line with the Government's Green Book guidance identified 
annual net benefits of 0.1 – 0.6% of GDP in 2030 from deploying measures needed to meet 
the fifth carbon budget, for benefits that could be quantified.195  

• These estimates suggest that monetised benefits offset up to half of the estimated resource 
cost of meeting the fifth carbon budget in 2030.  

Comparing our new net-zero scenarios to those considered by Ricardo in 2013 gives an 
indication of some of the important actions that would result in significant quantifiable co-
benefits: 

• Shift away from car travel: 

‒ Moving from car travel onto other modes of transport (walking, cycling and public 
transport) is an effective way of reducing emissions from vehicles and also results in less 
time spent in congestion and health benefits from more physical activity. 

‒ Ricardo's 2013 estimates found that a 5% shift in travel from cars to other modes resulted 
in a monetised annual benefit of 0.5% of GDP in 2030. 

‒ Our net-zero scenarios assume a 10% transport modal shift, which suggests benefits by 
2050 would be greater. 

 

 

                                                           
194 Batten, Sowerbutts and Tanaka (2016) Let's talk about the weather: the impact of climate change on central 
banks. Bank of England Staff Working Paper No. 603. 
195 CCC (2013) The Fourth Carbon Budget Review – part 2: the cost effective path to the 2050 target.  
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• Healthier diets:  

‒ A shift towards healthier diets, more in line with Government guidance, would result in 
reduced reliance on livestock and lower emissions from agriculture as well as benefits to 
human health. 

‒ In 2013, Ricardo estimated the health impacts of reducing red meat consumption by 50% 
and found annual monetised benefits to be 0.5% of GDP in 2030. 

‒ Our net-zero scenarios include a 20% reduction in beef, lamb and dairy consumption (for 
the Further Ambition scenario, which has some increase in less carbon-intensive meat 
like pork and chicken) so would likely result in lower, though still significant, health 
benefits. We include a 50% reduction as one of the Speculative options that could be 
needed. 

• Air quality and noise reduction: 

‒ Air quality improvements follow from low-carbon measures that reduce or replace fossil 
fuels. Health benefits from reductions in air pollution will be more pronounced in 
populated areas so decarbonising transport is likely to have a significant impact (as 
power plants and heavy industry tend to be located farther away from population-dense 
areas). Electric vehicles are also quieter than combustion engine alternatives, resulting in 
further health and environmental benefits from the reduction in noise (which can result 
in heart problems, sleep disturbance, slower learning and annoyance, and can disrupt the 
natural environment). 

‒ Other low-carbon measures such as use of bioenergy could result in negative air quality 
impacts. Whether or not this is a net cost depends on the technology it replaces and 
where it is located, with use of biomass for heat in buildings potentially resulting in net 
costs. Our scenarios primarily use biomass with CCS and decarbonise heating with heat 
pumps and hydrogen, so should not result in air quality costs that exceed benefits. 

‒ Ricardo's 2013 estimates suggest that air quality and noise impacts of a low carbon 
scenario result in annual monetised benefits of close to 0.1% of GDP in 2030. New 
evidence published by the World Health Organisation in 2016196 strengthening the link 
between negative air quality and burdens to human health suggests that benefits are 
likely to exceed this estimate. 

‒ Our net-zero scenarios would result in higher air quality and noise benefits by 2050 as 
they assume a far greater reduction in combustion engine vehicles than the scenarios 
assessed by Ricardo in 2013 (to close to zero by 2050). 

A simple scaling of the Ricardo estimates in line with the proportionately higher roll-out in our 
scenarios would imply a value to these co-benefits of the order of 1.3% of GDP. That should be 
treated with caution however, given the complexities involved and the age of the Ricardo 
analysis. Furthermore, the estimated benefit is dominated by the assumed modal shift in 
transport, which has a minimal effect on 2050 emissions in our scenarios. Further analysis would 
be desirable in this area. 

                                                           
196 World Health Organisation (2016) Ambient air pollution: A global assessment of exposure and burden of disease.  
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Non-monetised impacts 

There are many other positive impacts of reducing GHG emissions to net-zero that are more 
difficult to monetise in a comparable way to the above: 

• Comfortable homes. Our net-zero scenarios imply a significant roll-out of energy efficiency 
measures in new and existing homes (around 6 million cavity walls, 6 million solid walls and 
21,000 loft insulation measures). As set out in our recent report UK Housing: Fit for future?197, 
high efficiency in new homes and retrofitted to existing homes can address poor thermal 
efficiency, overheating, indoor air quality and moisture in the round. This would result in 
thermally comfortable homes, reducing the risk of heat and cold related deaths. The health 
cost to the NHS of conditions exacerbated by poor housing is currently estimated to be £1.4 
– 2.0 billion per year in England alone. 

• Land use and agriculture. The agriculture and land use measures required to achieve net-
zero emissions have multiple benefits across climate change adaptation, health and wider 
environmental goals:198 

‒ Restoration of peatlands. Peatland restoration in our net-zero scenarios of around 
20,000 hectares a year by 2050 (compared to no peatland restoration in an 80% 
emissions reduction scenario) would increase the likelihood that upland peat biodiversity 
could withstand shifts to the hotter, drier conditions we can expect over the rest of this 
century. It would also bring benefits for air and water quality, biodiversity and habitat 
creation and further climate change adaptation benefits (flood alleviation and water 
quality).  

‒ Increased woodland and hedgerow planting. Compared to our scenarios for the 80% 
target our net-zero scenarios involve almost twice as much tree planting (including on-
farm). They also involve extending hedges by 40%, which is not assumed in scenarios 
that achieve current targets. Both these measures result in benefits to biodiversity 
through habitat creation (as we assume mixed planting rather than monocultures, which 
could negatively impact biodiversity) and can help towards flood alleviation. There could 
also be air quality benefits depending on which trees are planted and where. More 
woodland close to populated areas would also bring recreational benefits, while 
increased tree cover in agricultural land could improve animal welfare (providing shade 
for livestock on hot days). It will be crucial that the choice of species being planted takes 
into account future climatic suitability under a changing climate. 

‒ Changes to farming practices. Practices that optimise the efficient use of nitrogen on 
cropland and grassland, which are assumed in our net-zero scenarios, can reduce N₂O 
emissions on agricultural soils. There are also air quality improvements to be gained from 
a reduction in ammonia. If farms are located near water courses, these measures can help 
reduce water pollution with benefits for water quality, biodiversity, habitat condition and 
resilience to climate change. 

There are therefore considerable co-benefits of a net-zero target beyond those that can be 
monetised. 

The Welsh Government has taken steps to ensure that the wider benefits from long-term 
decarbonisation are recognised. Wales has developed a comprehensive approach to sustainable 

                                                           
197 CCC (2019) UK Housing: Fit for the future? 
198 CCC (2018) Land use: Reducing emissions and preparing for climate change. 
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development with the Well-being of Future Generations (Wales) Act 2015, which put in place 
seven goals to improve the social, economic, environmental and cultural well-being of Wales. 
The Act also established the Future Generations Commissioner for Wales, who identified climate 
change as one of four emerging priorities (Box 7.6). 

5. The distribution of costs and impact on other factors in the Climate 
Change Act 
The overall costs and benefits of achieving a net-zero target have been our focus for the first four 
sections of this chapter. We have highlighted that annual costs are not expected to be large, 
particularly in the context of economic growth, and there are many benefits (quantified or 
otherwise) that could outweigh costs. 

However, aggregate impacts are only one part of the story. The structural change required to 
achieve a net-zero target is large and will affect different segments of the economy and groups 
in society differently. Considering the distribution of costs (and benefits) of a net-zero target is 
therefore vital. 

Some of the cost of decarbonisation will fall to the Exchequer (fiscal impacts), some will fall to 
households (for example through energy bills, which could have regressive impacts), and some 
to businesses (which where these are trade-exposed could result in competitiveness risks). The 
Climate Change Act highlights the need to give due consideration to these issues when 
assessing the impact of emissions targets, which we address in this section. 

The Climate Change Act also raises the importance of considering the impact of emissions 
targets on energy supplies – we therefore also assess the energy security implications of a net-
zero target in this section.  

The precise split of costs and benefits of decarbonisation between households, businesses and 
the Exchequer will depend on how Government chooses to design and fund policies to achieve 
a net-zero target. As such, we have not attempted to estimate this split, and recommend that 
HM Treasury undertake a thorough review of the distribution of costs and benefits of meeting a 
net-zero target and the appropriate policy levers to achieve an efficient and fair transition. 

Section 6 further addresses distributional impacts, looking into the potential effects of the 
transition to net-zero emissions on jobs. 

This section covers the issues set out above as follows: 

(a) Fiscal balance 

(b) Energy bills 

(c) Competitiveness risks 

(d) Energy security 

 

766  



 
 

    
 
244     Net Zero – The UK's contribution to stopping global warming   |   Committee on Climate Change 

 

Box 7.6. Well-being of Future Generations (Wales) Act 

Our 2017 advice on Welsh carbon targets199 provided an extensive assessment of the impacts of 
climate policy against the wellbeing goals of the Well-being of Future Generations Act. In particular, 
this focused on the wider wellbeing benefits of decarbonisation in Wales: 

• Fuel poverty benefits associated with lower energy consumption and improved comfort. 

• Air quality benefits from eliminating coal combustion, switching to ultra-low emissions vehicles 
(ULEVs), switching away from polluting fuels used for heating and afforestation.  

• Active travel measures that bring multiple health and wellbeing co-benefits. 

• Wider economic benefits including job creation, supply chain and social benefits from the 
renewable energy and low-carbon manufacturing sectors. 

• Natural capital benefits, as defined by the 2016 State of Natural Resources Report200 (SoNaRR): 

‒ Provisioning services (products obtained from ecosystems) including renewable energy 
generation and the efficient use of food and timber. 

‒ Regulating services (benefits obtained from the regulation of ecosystem processes) 
including air quality and flood control benefits from afforestation. 

‒ Cultural services (non-material benefits people obtain from ecosystems) including the 
recreational and amenity benefits of afforestation. 

‒ Supporting services necessary for the production of all other ecosystem services, such as 
habitat creation and water and soil quality. 

That advice was based on scenarios to prepare for Wales's existing long-term target of an 80% 
reduction in GHGs from 1990 to 2050. In our Further Ambition scenario, Wales can credibly achieve a 
95% reduction in GHGs by 2050, relative to 1990 levels. 

Achieving a 95% reduction will require Wales to deliver all the Core measures associated with an 80% 
reduction, which will bring the wellbeing benefits previously described. In addition, areas where the 
largest amount of additional abatement potential has been identified for Wales can deliver further 
wellbeing benefits to Wales: 

• Industry. Further abatement in industry could come from resource and energy efficiency 
improvements and depending on the policy levers could result in international competitive 
advantages in low-carbon manufacturing in Wales. 

• Afforestation and hedgerow planting. A higher rate of planting in Wales can provide further air 
quality, biodiversity, flood control and recreational/cultural co-benefits. 

• Agriculture. More efficient use of nitrogen on cropland and grassland can bring air quality benefits 
through reduced ammonia emissions, and reduce water pollution with benefits for water quality, 
biodiversity, habitat condition and resilience to climate change. There are additional health and 
wellbeing benefits associated with a shift to healthier diets in our Further Ambition scenario. 

• Engineered GHG removals. The production of biomass and timber grown in Wales to deliver GHG 
abatement will deliver additional ‘provisioning services’ as defined in SoNaRR. 

 

 

                                                           
199 CCC (2017) Building a low-carbon economy in Wales - Setting Welsh carbon targets. 
200 Natural Resources Wales (2016) The State of Natural Resources Report (SoNaRR) 2016. 
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(a) Fiscal balance 

Our analysis suggests that the costs of achieving a net-zero target are no higher than the costs 
expected for current targets when they were set in 2008. Net fiscal impacts of net-zero should 
not significantly exceed what the UK has already signed up for when agreeing to set an 80% 
reduction target. 

This does not mean that shifts in public spending and receipts will not occur. As our estimates 
suggest high costs of decarbonisation in some sectors (i.e. buildings, industry and GHG 
removals) careful consideration of where funding will come from is needed: 

• Switching homes to low-carbon heating remains a major challenge. It is currently funded by 
Exchequer spending, but roll-out is limited and less than £100 million was spent in 2018. Our 
estimates imply an annual cost, reflecting higher upfront costs, for switching to low-carbon 
heating of the order of £15 billion. Large-scale deployment must begin before 2030. It would 
be regressive, and probably restrict progress, to pass the cost on fully to households. There 
may therefore be a continued role for taxpayer funding in low-carbon heating (see section 
5b for more on the impact of a net-zero target on energy bills and fuel poverty). 

• Industry decarbonisation in our scenarios has an annual cost of the order of £5 – 10 billion. 
Some of this could be passed onto industry, where it is not exposed to international 
competition or where the incremental costs are small. However, trade-exposed industries 
will require a level playing field to ensure that emissions are reduced, not offshored. That 
could involve schemes similar to those in place today – free allocation of allowances within 
the EU Emissions Trading System (ETS) and compensation for costs resulting from UK climate 
policies. It could also involve new schemes such as border tariff adjustments or product and 
building standards that drive demand for low-carbon goods (see section 5c for more on 
mitigating competitiveness risks to industry). 

• Electric vehicles currently benefit from capital subsidies and lower fuel and vehicle taxation. 
Each of these can be phased out in the long run as electric vehicles reach cost parity. By 2050, 
we expect the shift to low-carbon options like electrification to cut the annual costs of UK 
transport by around £5 billion. That can be achieved while maintaining transport's tax 
contribution and allows for the costs of charge-points and other infrastructure. 

• Farmers and land managers currently receive large subsidies from the EU's Common 
Agricultural Policy (CAP), but not for reducing GHG emissions. The UK Agriculture Bill intends 
to redirect subsidies towards public goods and could support the major transition in land use 
and farming practices required by a net-zero GHG target. Our cost estimates for land and 
agriculture in our scenarios (under £2 billion annually) are lower than UK payments under 
CAP (over £3 billion). 

• The annual costs of removing emissions from the atmosphere are potentially large in our 
scenarios (e.g. of the order of £10 billion, possibly as high as £20 billion). We assume these 
will be primarily paid by industries, like aviation, that have not reduced their own emissions 
to zero. Rather than impacts on the Exchequer that would imply increasing costs for flights 
from 2035, as emission removals scale up in our scenarios. 

• Low-carbon electricity is currently funded by bill payers (households and businesses) who 
currently pay around £7 billion a year towards the roll-out of low-carbon power. This is 
expected to rise to around £12 billion by 2030 then fall to 2050 as contracts for existing 
renewable generators come to an end and they are replaced by newer cheaper generation 
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(e.g. our scenarios involve an annual resource cost of around £4 billion in 2050). The impact 
of this on bill payers is covered in the following section (5b). 

Most changes to the Government balance sheet will be gradual. There is time and scope within 
annual budgets to make adjustments to the fiscal framework, and develop suitable policy and 
funding instruments to avoid fundamentally changing the burden of taxation. 

(b) Energy bills 

Consideration of the impacts of carbon policies on energy bills is important as they make up a 
much larger proportion of low-income households’ spending. We first set out what has 
happened historically, then consider prospects for bills in future and the required policy 
response. 

Impact of past and current climate policies on household energy bills 

We assessed the impact of climate policies on household energy bills in our 2017 report on 
Energy Prices and Bills - impacts of meeting carbon budgets:201 

• Current bills. The annual bill for a typical dual-fuel household (using gas for heating and 
electricity for lights and appliances) in 2016 was around £1,160, around £105 (9%) of which 
was the result of low-carbon policies.202 

• Changes in bills to date. Total bills in 2016 were £115 lower in real terms (i.e. adjusting for 
general price inflation) than in 2008, when the Climate Change Act was passed. Higher 
household energy prices resulting from low-carbon policies and network costs were more 
than offset by reductions in energy use over this period.  

• Changes in bills to 2030: 

‒ Our analysis suggests that meeting the fifth carbon budget will add between £85 – £120 
to the annual dual fuel bill between 2016 and 2030. 

‒ Households could more than offset this increase with energy efficiency improvements, 
which could save around £150 on average each year (if prices remain at current levels). 
The majority of this saving (85%) is possible by replacing appliances, lights and boilers at 
the end of their lives with the latest equivalent models. 

‒ Factors unrelated to climate policies, particularly rising wholesale gas prices, are 
expected to add over £200 to bills, increasing the typical bill in real terms to between 
£1,220 – £1,410 by 2030. If wholesale prices do rise, savings from improving energy 
efficiency would be even larger. 

Impact of net-zero emissions scenarios on household energy bills 

Shifting to low-carbon approaches to heat residential buildings is likely to be one of the more 
costly challenges in reaching net-zero emissions across the economy. However, offsetting falls in 
costs are expected for other parts of the economy: the shift to electric vehicles is expected to cut 
costs of motoring, whilst between 2030 and 2050 the costs of low-carbon electricity are 
expected to fall. 

                                                           
201 CCC (2017) Energy Prices and Bills - impacts of meeting carbon budgets. 
202 Low-carbon policy costs comprise: the carbon price, support for renewable electricity generation and costs 
associated with improving energy efficiency for carbon reduction; the majority are levied on electricity. 
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Our cost estimates indicate that scope for falling power costs and transport savings could fully 
offset extra costs from heat decarbonisation (see Figure 7.4): 

• Transport. Driving electric vehicles becomes cheaper than driving petrol or diesel 
equivalents by the mid-2020s in our net-zero scenarios, due to continued reductions in 
battery costs and lower fuel costs. Our analysis suggests annual savings of up to £6 billion 
per year in switching away from diesel and petrol cars towards low-carbon transport 
between 2030 and 2050. This conclusion stands even without existing subsidies when 
purchasing electric vehicles or the higher tax rates levied on petrol and diesel sales. 

• Power. Beyond 2030, electricity costs should fall as renewables become even cheaper, 
higher payments to legacy projects cease as their contracts come to an end (payments under 
the Levy Control Framework, which covers the total payments to low-carbon generators, are 
due to peak in the mid-2020s) and further savings from energy efficiency occur. In total we 
expect a reduction in annual power sector costs in our net-zero scenarios of £7 billion per 
year between 2030 and 2050. We note that those costs are currently recovered from all 
consumers, including business and industry as well as households. 

• Heat. Reducing heating emissions to close to zero looks likely to remain more expensive 
than burning natural gas in boilers. Low-carbon heating systems (including household 
conversion) add up to £10 billion a year to annual heating costs in our net-zero scenarios. 
While installing energy efficiency measures costs up to £7 billion annually it results in annual 
fuel savings of £5 billion.  

The aggregate impact of these changes would be broadly neutral by 2050, as Figure 7.4 
illustrates. That suggests it is possible to deliver against a tighter carbon target without 
increasing costs to consumers. Achieving this will depend on how policy is designed to deliver 
the required carbon abatement, and costs and savings will not automatically fall to the same 
consumers. 

Policy implications 

A challenge for Government is to design policies that drive required changes without creating 
too many winners and losers.  

It could be regressive to pass the full costs of heat decarbonisation to households. One option 
would be to fund a large part of the cost from the charges on consumer bills that currently 
subsidise renewable power, which will not be needed by 2050 as renewable power costs fall.  

Addressing fuel poverty (Box 7.7) should continue to be a priority. Successful targeting of 
measures is not easy (e.g. due to issues like data availability and people moving in and out of 
fuel poverty) but could help to achieve carbon reduction and fuel poverty targets at lower costs. 
Regional distribution of impacts should also be considered. 
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Figure 7.4. Falling costs for zero-carbon power and transport have the scope to offset heating costs 

Source: CCC analysis. 
Notes: Figures represent costs between 2030 and 2050. Transport savings are pre-tax and do not relate to the 
fact that electric vehicles in the UK currently do not pay fuel duty. They represent savings from passenger cars 
only - if vans were included savings would be higher. 

Box 7.7. Decarbonisation and fuel poverty 

A household is considered to be fuel poor if they cannot afford to keep their home adequately warm at 
a reasonable cost, given their income. Fuel poverty is caused by a combination of low household 
income, high energy requirements and high energy costs, with energy-inefficient housing being a key 
driver. 

Although overall energy bills have not increased between 2008 and 2016, despite low carbon levies, it 
is important to understand how low-carbon policy costs could affect fuel poverty in the future. In 2014 
the Centre for Sustainable Energy assessed the impact of low-carbon policy on fuel poverty across the 
UK to 2030 for the Committee: 

• A scenario without further energy efficiency improvements, where costs were passed onto energy
bills, resulted in an increase in fuel poverty from 2.9 million in 2013 to 3.1 million in 2030, or from
5.6 million in 2013 to 8 million in 2030 (depending on the definition of fuel poverty used).

• In a scenario including support for home insulation and low-carbon heat targeted towards fuel
poor homes fuel poverty levels were significantly reduced.

This points to the importance of targeting energy efficiency measures to fuel-poor households. 

Our net-zero scenarios assume almost 3.3 million solid wall insulation measures for wider fuel poverty 
benefits, though further targeted measures may be needed to ensure decarbonisation does not 
disproportionately affect fuel poor homes. 

Source: CCC analysis; CSE (2014) Research on fuel poverty: The implications of meeting the fourth carbon budget, 
available at www.theccc.org.uk 
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(c) Competitiveness risks 

Decarbonisation could bring many opportunities for UK businesses, as set out in section 4b. But 
there are also risks to the competitiveness of UK firms which need to be considered. 

Businesses that rely on energy-intensive or carbon-intensive practices and compete in 
international markets may face competiveness challenges if they are exposed to significant cost 
changes from decarbonisation not faced by international competitors: 

• If this results in changing the location of production to other countries ('offshoring' or 
'carbon leakage') it would be undesirable for the economy, could increase the UK's 
consumption emissions and potentially global emissions. 

• While the main objective of UK carbon targets is to reduce territorial emissions, consumption 
emissions should not increase as a result of national mitigation efforts (as discussed in 
Chapter 5). 

We first consider the impacts of current targets, and then what a net-zero target could imply. 

Impacts of current targets 

We considered this issue in depth in our 2013 report on Managing competitiveness risks of low-
carbon policies203 and in our 2017 report on Energy Prices and Bills204 and concluded that: 

• Low-carbon policies have not had a major impact on the competitiveness of UK 
manufacturing to date. That reflects the fact that industries at risk have been largely 
protected from increased carbon costs. 

• Competitiveness risks of carbon budgets are limited to a small part of the economy (sectors 
that are both energy-intensive and reliant on international trade) and are manageable. To 
ensure that remains the case the Government should ensure compensations and 
exemptions for firms at risk of carbon leakage are predictable, reliable and timely. 

Impact of a net-zero emissions target 

The updated evidence base for this report highlights significant opportunities for industry 
decarbonisation, which go much farther than our previous decarbonisation scenarios. Our 
analysis suggests that it is possible to reduce industry emissions to 10 MtCO₂e by 2050, while a 
scenario that achieves current targets could have as much as 56 MtCO₂e remaining.  

The costs of achieving this level of emissions abatement are amongst the highest across all the 
sectors of the economy (annual costs of £8 billion, equivalent to 0.2% of GDP in 2050). It could 
present a real challenge if industry were to bear the entirety of the cost. 

There are, however, mitigating factors against this risk: 

• As highlighted in our previous analysis, this should only be a genuine risk for a fraction of UK 
industries: those that are both trade-exposed and carbon-intensive. 

• Competitiveness risks posed by the transition to a low-carbon economy depend in part on 
how fast the UK moves relative to others. As highlighted in Chapter 2, global ambition on 
climate change is increasing – more ambition elsewhere means fewer locations for carbon 
leakage and a larger global market for low-carbon industrial products. 

                                                           
203 CCC (2013) Managing competitiveness risks of low-carbon policies. 
204 CCC (2017) Energy Prices and Bills - impacts of meeting carbon budgets. 
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The higher costs faced by industry to achieve a net-zero target and the decarbonisation of a 
greater number of industries mean that new solutions for safeguarding the competitiveness of 
UK industries will be needed, both industry- and Government-led.  

A recent review for BEIS of business models for supporting industrial CCS has set out some 
options which largely draw on comparable existing policies, these include a contract for 
difference on the CO₂ price, regulated asset base and tradeable CCS certificates.205 

There are other known options which could support industry decarbonisation in general (i.e. 
beyond CCS):  

• UK compensations and exemptions. Compensations and exemptions are currently offered 
to UK industries to offset most of the increased electricity costs that result from UK carbon 
pricing and support for renewable generation. These could be carried forward and applied 
more broadly (e.g. to cover costs of CCS) in the transition to net-zero if competitors continue 
to apply lower costs. The Government should signal this intention and continue to review 
the set of industries requiring exemption/compensation. 

• Emissions trading schemes. Should the UK leave the EU ETS it will need to develop its own 
policy to drive emissions reduction from industry without creating competitiveness risks (e.g. 
a regional emissions trading scheme, or UK scheme linked to the EU ETS). Regional trading 
schemes help address competitiveness concerns by applying a similar carbon price across 
jurisdictions and bring the option of allocating some emissions allowances for free to the 
most trade-exposed industry sectors. 

• Standards to create markets for low-carbon products. Policy could aim to 
incentivise/create markets for low-carbon products, through public procurements or 
regulations on products and materials (e.g. by requiring buildings in the UK to use low-
carbon materials in construction). These would drive end-user demand for low-carbon 
products, creating a level playing field for UK and overseas firms provided they have 
decarbonised sufficiently to meet the standards. 

• International sectoral agreements. International agreements between businesses in 
industries at risk of carbon leakage could mitigate competitiveness risks, in the absence of 
uniform climate policies across countries. This involves collective industry agreement to 
reduce the emissions intensity of their production practices (normally by target dates), and 
could also involve knowledge sharing to achieve emission reductions. Some sectors, such as 
cement, chemicals and textiles (along with shipping and aviation) have already started to set 
up these types of agreements (see Box 7.8); more action will be needed for a net-zero target. 

• Border tariff adjustments: 

‒ As the UK negotiates new trade deals outside the EU, the possibility of using border tariff 
adjustments (a carbon tax on domestically consumed products based on their footprint 
and imposed at the border on imported products) should be considered.  

‒ Whilst there are both political and practical challenges with implementing this type of 
tariff (e.g. it would require certification of the carbon content of all imported products, 
which currently does not exist) it has recently gained some traction internationally in 
both developed and developing countries – for example, the European Commission's 
2050 long-term strategy and Mexico's Nationally Defined Contribution (NDC) to the Paris 

                                                           
205 Element Energy (2018) Industrial carbon capture business models. Report for BEIS. 
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Agreement refer to border tariff adjustments as one possible mechanism through 
which trade policy could contribute towards decarbonisation. 

A net-zero GHG target can only be met with deep reductions in emissions from industry. For the 
good of the UK economy and of the climate that requires low-carbon approaches to be adopted 
in the UK, not high-carbon business to be driven offshore. Designing effective policy to ensure 
this happens, and doing it far enough ahead for businesses to plan and respond must be a key 
priority for Government in adopting a net-zero GHG target. 

Box 7.8. International sectoral agreements for cutting emissions 

Global Cement and Concrete Association (GCCA) 

The GCCA was launched in 2018 with the objective to drive responsible industry leadership in the 
manufacture and use of cement and concrete, and improve the social and environmental impact of the 
sector’s activities.  

It's membership accounts for around 30% of the world's cement production capacity, and is 
expanding. 

The GCCA's Sustainability Charter sets out five pillars of sustainability which all full members are 
expected to develop initiatives against. It also includes sustainability guidelines with measures which 
members must monitor and report performance against, in order to achieve the organisation's 
sustainability compliance. These include guidelines for monitoring and reporting of emissions from 
cement manufacturing. 

In addition to publishing measures and monitoring progress, full GCCA members are also expected to 
develop climate change mitigation strategies. 

International Council of Chemical Associations (ICCA) 

The ICCA published a Statement on Climate Policy following the Paris Climate Change Agreement. The 
Statement explicitly states the ICCA's aim to 'achieve net global GHG reductions and avoid shifting 
emissions between regions or countries'.  

ICCA members account for more than 90% of global chemical sales. 

As part of its sustainability drive the ICCA published guidance for the industry on conducting life-cycle 
emissions assessments, and technology roadmaps outlining how governments and industry can 
accelerate innovation in chemicals products to improve sustainability. 

Fashion Industry Charter for Climate Action 

The Fashion Industry Charter for Climate Action, launched at the 2018 COP24 climate conference, sets 
out a vision to achieve net-zero emissions in the industry by 2050. 

The Charter includes an intermediate target of 30% greenhouse gas emission reductions by 2030 and a 
commitment to set a decarbonisation pathway for the fashion industry. The Charter's signatories will 
aim to increase collaboration and share best practice. 

Signatories include 43 leading global fashion companies as well as supporting organisations (e.g. the 
International Chamber of Commerce, World Wildlife Fund, Sustainable Apparel Coalition). 

(d) Energy security 

The transition to a low-carbon economy will reduce the UK’s reliance on imported fossil fuels, 
but will also bring new challenges for energy security that can and should be managed. 
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Import dependency of UK energy supplies 

A diverse energy mix contributes to maintaining security of supply. The more reliant the UK is on 
imported fuels, the more exposed the economy is to price fluctuations.  

Achieving a net-zero target would enhance the UK’s energy sovereignty by reducing demand for 
imported fossil fuels, and provide a hedge against price volatility and the associated risk of 
damaging economic impacts: 

• Natural gas:  

‒ Natural gas consumption in the UK was 875 TWh in 2017 with net gas imports close to 
400 TWh.206 UK natural gas production is expected to continue to decline from 416 TWh 
in 2017 to less than 85 TWh in 2050 (an 80% reduction).207  

‒ Our scenarios that achieve a net-zero target suggest a decline in gas consumption of 32% 
by 2050 (reaching close to 600 TWh). Significant reductions in natural gas consumption 
across buildings, industry and power in our net-zero scenarios are somewhat offset by 
new demand for gas to produce hydrogen. 

‒ Given this reduction in gas consumption, achieving a net-zero scenario target is likely to 
result in lower UK gas import dependency than in a high-carbon world. 

• Oil: 

‒ UK consumption of petroleum products was 752 TWh in 2017 and net imports were 121 
TWh. UK oil production, like natural gas, is projected to continue its decline from 592 TWh 
in 2017 to around 130 TWh in 2050 (a 78% reduction). 

‒ Our net-zero scenarios result in a reduction in oil consumption of 82% by 2050 (reaching 
around 140 TWh). This suggests that a net-zero target is likely to reduce the UK's oil 
import dependency relative to a high-carbon world. 

Maintaining reliable electricity supplies 

Electricity systems need to match electricity supply to demand in real-time. As more weather-
dependent sources of electricity supply come online, matching supply to demand can become 
more challenging. 

All of our scenarios are built with a requirement that supply meets demand at all times and our 
power costs include the costs of backup requirements to maintain security of supply. 

Experience and evidence is making it increasingly clear that systems with a high proportion of 
intermittent renewables can be managed (e.g. the UK's System Operator is already planning to 
manage the grid to operate 'safely and securely at zero carbon' for parts of the year as early as 
2025).208  

Nevertheless, we take a cautious approach in limiting the share of variable renewables in our 
scenarios to under 60%, even though they are the cheapest generation options. If higher 

                                                           
206 BEIS (2018) Digest of UK Energy Statistics.  
207 Based on the Oil and Gas Authority's (OGA) 2035 net natural gas production forecast and long-term projected 
decline out to 2050. OGA (2019) UK Oil and Gas production and Projections of UK Oil and Gas Production and 
Expenditure 2018 Report. 
208 National Grid (2019) Zero Carbon Operation 2025. 

775  



 
 

 
 

Chapter 7: Costs and benefits of a net-zero target for the UK                                                                             253 

 

renewable shares were possible, this would likely reduce system costs, given the lower costs we 
expect for renewables compared to nuclear and CCS. 

For further details on power system intermittency see Chapter 2 of the Net Zero technical report 
and the accompanying technical Appendix. 

6. Ensuring a just transition to a zero-carbon economy 
Economies are always in transition. The UK energy sector has seen transitions prompted by the 
industrial revolution, by the decline of UK coal mining and rise of natural gas and oil extraction in 
the North Sea, by privatisation and most recently by the need to decarbonise. 

Broader transitions currently underway include the ongoing digital revolution and the 
accompanying wave of new disruptive technological developments (often referred to as the 
‘Fourth Industrial Revolution’) including artificial intelligence, automation and robotics. 
Globalisation has shaped the global and UK economies, as will the UK’s future trading 
relationships.  

The transition to a zero-carbon economy differs to other transitions as much of it will need to be 
policy-led, rather than a reaction to changing technologies and circumstances. The required 
speed of the transition is fast and the scale large, spanning across most aspects of the economy. 

Like past transitions, the transition to net-zero GHG emissions will result in the creation of new 
markets and industries and a shift away from old industries, with consequences for employment. 
It will also bring down costs of some goods and services, while increasing the cost of others.  

This shift should be managed so that burdens and benefits are fairly distributed amongst 
society, ensuring a just transition. 

(a) A just transition 

The concept of a 'just transition' was introduced by the International Labour Organisation (ILO) 
in recognition of the impact of the transition to a decarbonised world on current generations, 
and putting forth the idea that decent work for all should be a building block of sustainable 
development.209  

The concept is now widely recognised as a crucial element of a low-carbon transition – a just 
transition declaration was signed by 53 governments (including the UK) at the COP24 climate 
conference in 2018, followed by an investor statement backed by over 100 institutions 
worldwide with more than US$6 trillion in assets combined.  

Scotland has already made progress. The Scottish Government recently set up a Just Transition 
Commission specifically to provide advice on a low-carbon economy that is fair for all (Box 7.9). 

Although the focus of the just transition concept is largely on its impact on jobs and job quality, 
the term also often encompasses cost of living considerations (i.e. the impacts of the transition 
on fuel costs and fuel poverty). As these issues have been addressed in section 5, this section 
focuses on the employment aspects of the transition. 
 

                                                           
209 International Labour Organisation (2015) Guidelines for a just transition towards environmentally sustainable 
economies and societies for all.  
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Box 7.9. Scottish Just Transition Commission 

Alongside Scotland’s Climate Change Bill (currently being considered by the Scottish Parliament), the 
Scottish Government created the Just Transition Commission to advise on a low-carbon economy that 
is fair for all. The Commission aims to advise Scottish Ministers on how to apply the International 
Labour Organisation’s Just Transition principles to Scotland. 

The Commission will produce a written report to Scottish Ministers that provides recommendations for 
action that will: 

• Maximise the economic and social opportunities that the move to a carbon-neutral economy by
2050 offers.

• Build on Scotland’s existing strengths and assets.

• Understand and mitigate risks that could arise in relation to regional cohesion, equalities, poverty
(including fuel poverty) and a sustainable and inclusive labour market.

(b) Jobs affected by the transition 

There is potential for more jobs in some areas, and a decline in jobs in others. Employment 
needs may change in terms of location and skills. Whilst the Committee has not undertaken a full 
review of the possible changes, our scenarios in this report point to some of the likely effects: 

• Our scenarios involve a major move away from fossil fuels, which is likely to result in fewer
jobs in oil and gas in future (extraction, power generation and heat), affecting wider supply
chains in these sectors.

• Although our scenarios still involve a large fleet of gas-fired power stations, these could be in
different locations and require different skills as they will need to run using hydrogen or CCS
and generally at much lower load factors. Coal-fired stations are already expected to close or
convert to alternative fuels.

• There would be more jobs in renewable power generation, particularly development and
construction (operation of renewables is not labour-intensive). There will also be jobs in the
supply chain. Although the UK is currently an importer of renewable technology,210

Government's recently announced Offshore Wind Sector Deal sets the ambition to increase
jobs in the offshore wind industry from 7,200 today to 27,000 by 2030, much of this relating
to growth in manufacturing and exports.211

• The automotive industry will also be affected by the transition to electric vehicles. The sector
is currently facing a number of wider challenges; success in the long-term will depend on a
transition to provide good quality cars for the growing electric vehicle market in the UK and
internationally.

• Retrofitting homes with energy efficiency measures and installing low-carbon heat into new
and existing homes will require new skills and could generate more high-skilled jobs in the
construction industry.

210 ONS (2019) Low carbon and renewable energy economy, UK: 2017. 
211 HM Government (2019) Industrial Strategy - Offshore Wind Sector Deal. 
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• There will also be more service jobs linked to low-carbon industries, in areas like carbon
markets and climate finance and consultancy services (including engineering consulting),
where the UK could also have a competitive advantage given its existing expertise.

A recent report by the LSE estimates that around 10% of workers have skills that the transition to 
a decarbonised world will require more of, while 10% could need reskilling. The sectors 
highlighted as most affected are manufacturing, construction and transport.212 

Job losses and gains will not impact all areas of the country uniformly, with some more likely to 
be impacted than others:  

• The LSE's report flags that the West Midlands, East Midlands and Yorkshire and the Humber
have the greatest proportion of jobs which are likely to be exposed to the transition.

• The Institute for Public Policy Research estimates that there could be 28,000 job losses in
coal, oil and gas in the north of England by 2030.213 Currently 75% of oil and gas extraction
jobs are in Scotland214 suggesting a risk of job losses there as well. We note that these are
also regions with significant potential for renewable energy deployment (onshore and
offshore wind) and that are well suited to development of CCS clusters given their access to
offshore CO₂ storage in the North Sea.

• Wales has a higher proportion of emissions from industry than the UK as a whole (30% of
Welsh emissions came from industry in 2016 compared to 22% in the UK). That emphasises
the importance for Wales of appropriate supportive policies for decarbonising these
industries to mitigate any potential impacts on competitiveness and jobs.

(c) Conclusions and further work 

Ensuring a just transition is more important for a net-zero GHG target than for a less ambitious 
target, given the large and rapid changes implied.  

If the impact of the move to net-zero emissions on employment and cost of living is not 
addressed and managed, and if those most affected are not engaged in the debate, there is a 
significant risk that there will be resistance to change, which could lead the transition to stall.  

We will give this issue further consideration in our sixth carbon budget, when we consider the 
path from now to 2050 in more detail. 

Managing the impacts of decarbonisation (along with automation) on jobs and job quality 
should be a priority for policy design to deliver decarbonisation, which Government should start 
addressing immediately. These impacts can be managed and should not be used as an excuse 
for inaction. 

212 LSE Grantham Research Institute (2019) Investing in a just transition in the UK: How investors can integrate social 
impact and place-based financing into climate strategies. 
213 Institute for Public Policy Research (2019) Risk or reward? Securing a just transition in the north of England. 
214 CCC analysis based on provisional 2017 figures, ONS (2017) Business Register and Employment Survey. 
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Introduction and key messages 
The governments of the UK, Wales and Scotland requested advice from the Committee on 
setting net-zero emissions targets, and on connected questions. 

This report has set out the latest evidence on climate science, the international context and the 
opportunities for deep reductions in emissions across the UK. Based on that evidence, this 
chapter sets out the Committee’s recommendations: 

• The UK should legislate as soon as possible to reach net-zero greenhouse gas emissions by 
2050. The target can be legislated as a 100% reduction in greenhouse gases (GHGs) from 
1990 and should cover all sectors of the economy, including international aviation and 
shipping. 

• The aim should be to meet the target through UK domestic effort, without relying on 
international carbon units (or ‘credits’). In the situation that, despite appropriate policy and 
effort, the expected emissions reduction does not ensue, credits could provide a 
contingency. 

• This target is only credible if policy to reduce emissions ramps up significantly:  

‒ The target can only be delivered with a strengthening of policy to deliver emissions 
reductions across all levels and departments of government. This will require strong 
leadership at the heart of Government.  

‒ Policies must be designed with businesses and consumers in mind. They must be stable, 
long-term and investable. The public must be engaged, and other key barriers such as 
low availability of necessary skills must be addressed.  

‒ In this report, we highlight particular priorities where progress has been too slow: low-
carbon heating, hydrogen, carbon capture and storage (CCS) and agriculture and land 
use. As well as driving deployment, Government must ensure that the necessary 
infrastructure is delivered. 

• HM Treasury should undertake a review of how the transition will be funded and where the 
costs will fall. It should develop a strategy to ensure this is, and is perceived to be, fair. A 
broader strategy will also be needed to ensure a just transition across society, with 
vulnerable workers and consumers protected. 

• The UK can benefit from the international influence of setting a bolder target, using it as an 
opportunity for further positive international collaboration. 

• Wales has less opportunity for CO2 storage and relatively high agricultural emissions that are 
hard to reduce. On current understanding it could not credibly reach net-zero GHGs by 2050. 
Wales should set a target for a 95% reduction in emissions by 2050 relative to 1990. 

• Scotland has proportionately greater potential for emissions removal than the UK overall 
and can credibly adopt a more ambitious target. It should aim for net-zero GHGs by 2045. 
Interim targets should be set for Scottish emissions reductions (relative to 1990) of 70% by 
2030 and 90% by 2040. 

Other climate leading nations have set or are considering net-zero GHG targets by 2050 or 
before. Were the UK to adopt a later date or a weaker target it would undermine these 
discussions and the UK’s broader climate leadership. Such a decision would result in less effort 
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globally and greater levels of global warming, resulting in increased direct and indirect damages 
for the UK and around the world. 

If a net-zero GHG target for 2050 is replicated in other leading countries alongside net-zero CO2 
emissions in the rest of the world, and coupled with ambitious near-term reductions in 
emissions, there would be a greater than 50% chance of limiting global temperature increase to 
1.5°C. Even with some delayed effort elsewhere and/or GHGs remaining slightly above net-zero, 
temperature rise could be limited to well below 2°C. 

We set out our recommendations in five sections: 

1. Why now is the right time to set a net-zero target in the UK 
2. Recommended net-zero target for the UK 
3. Recommended targets for Wales and Scotland 
4. Leveraging a UK net-zero target internationally 
5. Delivering a net-zero target in the UK 

1. Why now is the right time to set a net-zero target in the UK 
In 2016 we advised that the Government should not set a net-zero target at that time, but 
should instead keep a target under review as the evidence develops. 

We now conclude that it is the right time to set a net-zero GHG target in the UK. The required 
evidence is now available and the evidence is robust. It is also an important moment for the UK 
to make a positive international impact: 

• The IPCC Special Report on 1.5°C significantly strengthened the evidence base on what is 
required globally to meet the ambition of the Paris Agreement to limit global temperature 
increase to well below 2°C and to pursue efforts towards 1.5°C. Chapters 2 and 3 of our report 
summarise that evidence. 

• Updated external evidence and analysis that the Committee has commissioned and 
compiled for this report mean we have an understanding of how a net-zero target could be 
met in the UK and what it would cost. Chapters 5, 6 and 7 summarise that evidence. 

• The Paris Agreement began a process of ratcheting up climate ambition, with the intention 
of closing the ambition gap from current pledges of effort to the levels required to meet the 
Paris temperature goal. Parties to the Agreement are currently developing revised pledges, 
which need to be submitted next year. Setting a net-zero GHG target for 2050 in the UK 
would send a strong signal to support increasing ambition in those pledges (see Chapter 4). 

The UK has also further developed its plans for meeting existing targets, providing a stronger 
base from which to increase ambition. Although the Clean Growth Strategy does not fully close 
the policy gap to the UK’s existing carbon budgets, it represents a material step forward in the 
UK’s approach to emissions reduction. Intentions set out in the Clean Growth Strategy still need 
to be backed up by detailed policy designs in many cases, but they cover most of the areas 
where action is needed to deliver a net-zero target and the strategy continues to offer an 
appropriate framework for action. 
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2. Recommended net-zero target for the UK 

(a) Timing and scope of the net-zero target 

Our overall recommendation is that the UK should set a target to reduce greenhouse gas 
emissions to net-zero by 2050. The target should cover all sectors of the economy, including 
international aviation and shipping. 

Why 2050? 

A net-zero GHG target by 2050 (i.e. a 100% reduction from 1990) corresponds with the latest 
climate science and would meet the UK’s international commitments, while supporting 
increased global ambition. Our analysis suggests it would be feasible to deliver it alongside 
other government objectives. Figure 8.1 summarises our conclusion. 

• Climate science. A net-zero GHG target for the UK (i.e. a 100% reduction in emissions) would 
go beyond per capita emissions reductions in global pathways that are necessary to limit 
temperature rise to well below 2°C and would be towards the high end of the estimated 
range of necessary reductions for a limit of 1.5°C. It would imply that by 2050 the UK will be 
actively reducing its large historical contribution to global warming. 

• International commitments. The Paris Agreement requires developed countries to lead and 
the UK is well-placed to do so. All parties are expected to submit their ‘highest possible 
ambition’. Other leaders have set or are considering ambition to reach net-zero GHG 
emissions around 2050 or before (e.g. the European Union, Sweden, France and California).  

• UK scenarios. Given a significant strengthening of policy, our scenarios in Chapter 5 
demonstrate that the UK could reduce GHG emissions to close to net-zero without relying on 
speculative options and at a cost comparable to the cost expected for the current 80% target 
when it was adopted by Parliament (i.e. around 1 – 2% of GDP in 2050, and similar or lower 
costs during the transition). 

A later or weaker target would not represent the UK’s ‘highest possible ambition’ as required by 
the Paris Agreement. Since our scenarios demonstrate that a net-zero GHG target can credibly 
be reached by 2050 at acceptable cost, the Committee recommend against setting a later or 
weaker target. 

Any later or weaker net-zero target could undermine UK leadership and attempts to increase 
ambition in other countries. It is strongly in the UK’s interest to play a leadership role and 
encourage and support other countries to increase their ambition given the large risks for the UK 
and every other country from climate change if global targets are not met.  

Why all greenhouse gases? 

We recommend setting a net-zero GHG target rather than a CO2 target given the importance of 
reducing all GHGs and the clarity of the signal that it provides: 

• This would align to the requirement for a balance between sources and sinks of GHGs in 
Article 4 of the Paris Agreement. 

• It would send a much stronger signal internationally. Other climate leaders, including the EU, 
are considering targets for net-zero emissions for all GHGs. If the UK were to adopt a weaker 
ambition it could undermine these negotiations. 
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• Within the UK, a 100% all-GHG target sends a clear signal that all GHGs matter and all need to 
be reduced. No sources of emissions can qualify for special treatment. All emissions from all 
sectors must be eliminated or offset with removals. 

A net-zero target for all GHGs would imply that the UK will be actively reducing our large 
historical contribution to global warming. 

Why not earlier than 2050? 

We have considered whether an earlier date than 2050 should be targeted. An earlier date has 
been proposed by some groups215 and might send a stronger signal internationally to those 
considering increasing their own ambition, but only if it is viewed as credible.  

While our scenarios demonstrate that some sectors (e.g. the power sector) could reach net-zero 
emissions by 2045, for most sectors 2050 currently appears to be the earliest credible date. An 
earlier date would also give less time to develop currently speculative options as alternatives to 
make up for any shortfall from other measures. That could lead to a need for punitive policies 
and early capital scrappage to stay on track to the target.  

Part of the strength of the Climate Change Act – as a tool for driving change in the UK and as an 
international signal – is that it sets legally-binding, evidence-based and credible targets, which 
must be delivered against. Setting a legal target to reach net-zero GHG emissions significantly 
before 2050 does not currently appear credible and the Committee advises against it at this 
time.  

A legally-binding net-zero GHG target for 2050 that covers all sectors of the economy and does 
not rely on international carbon units would be world leading, especially for an economy like the 
UK’s that does not have a large land sink but does have high emissions from international 
aviation. Crucially it would be supported by the strong statutory emissions framework of the 
Climate Change Act. 
 

                                                           
215 For example, a cross-party group of over 180 MPs have proposed reaching net-zero GHG emissions before 2050 
and a coalition of NGOs have proposed 2045. 
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Figure 8.1. The analysis in this report supports the setting of a UK net-zero GHG target for 2050 

Source: CCC analysis. 
Notes: Sweden and Norway allow offsetting towards their targets; California have not been explicit that their 
target covers all GHGs or whether offsetting will be allowed. 
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(b) Use of international carbon units 

The aim should be to meet the target through UK domestic effort, without relying on 
international carbon units (or ‘credits’): 

• All countries will need to make deep reductions to their emissions if the Paris goals are to be 
met. Therefore there should be no expectation that international carbon units will be 
plentiful or cheap. 

• The UK has a responsibility to deal with its own emissions and should not seek to outsource 
the solution by paying others to cut their emissions instead. Our scenarios in Chapter 5 
demonstrate that the UK has the capability to meet a net-zero GHG target itself. 

• Historically, markets for international carbon units have experienced difficulties in driving 
genuinely additional effort and have often offered poorer returns than direct climate finance 
without transferred mitigation effort attached. 

However, we do not completely rule out international carbon units as a useful contingency, 
should there be under-delivery from genuine plans to meet the target domestically: 

• The Paris Agreement initiates a central process for carbon units and allows for bilateral trades 
between Parties. 

• Carbon units could be useful in providing an ongoing income stream for more expensive 
measures to cut emissions (or remove emissions from the atmosphere) in developing and 
middle-income countries. 

• Meeting a UK net-zero GHG target in 2050 requires full delivery across all sectors of 
established abatement options and some delivery of more speculative options. Carbon units 
could provide contingency for scenarios in which particular options prove extremely 
expensive or impossible to deliver at the margin. 

• The UK scenarios also involve significant emissions removal from the atmosphere. Some of 
the technologies to achieve that may be better deployed in other countries, with the same 
effect on the global climate (e.g. direct air capture may be well-suited to sunnier countries 
that can access cheap solar electricity and heat). Alternatively, given its access to extensive 
CO2 storage under the North Sea, the UK could itself be a seller of carbon units attached to 
removals in the UK. 

If carbon units are required, only those offering genuinely additional and permanent emissions 
reduction or removal should be allowed, and these must be part of schemes that also support 
sustainable development. That is particularly important for projects involving bioenergy or 
affecting land use, given the concerns raised by the IPCC that extensive land use changes across 
the world could bring international food security issues. 

The UK is well-placed to help develop global markets for carbon units and should actively 
engage in rule-setting, capacity-building and early market development. 

(c) Legislating the net-zero target 

The Government should consider when and how to announce the new target to maximise its 
influence internationally. For example, by linking it to a point in the diplomatic timeline for the 
Paris Agreement or a major international summit. 
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Subject to those considerations, the target should be adopted as soon as possible and legislated 
in the Climate Change Act, by revising the 2050 target (section 1 of the Act) from a reduction of 
at least 80% relative to 1990 to a reduction of at least 100%. That will send a strong signal to the 
international community and would embed the new target in the UK legal framework. 

It is vital that the target is set as soon as possible so that follow-up actions can begin on that 
basis: 

• The Committee will recommend the level of the sixth carbon budget in 2020, and would 
expect to develop our analysis on the path to the new target once it has been legislated. 

• New and strengthened policies will be needed swiftly to prepare for the new target. This is a 
precondition of achieving a net-zero GHG target for 2050, and preparations cannot be 
delayed. We set out the major policy outcomes that should be achieved in Chapter 6 and 
summarise them below. 

The Climate Change Act does not require limits on carbon units to be set until shortly before a 
carbon budget begins (e.g. by 2046 for the carbon budget covering 2050, section 11). It requires 
that the Committee advise on the suitability of any new types of carbon unit before they can be 
used (section 28). We set out the sort of criteria we would expect to apply in Chapter 4, but do 
not recommend that these are legislated now. 

The Government must develop and publish policies and proposals to meet the carbon budgets 
and 2050 target (section 13) with regard to the need for domestic action on climate change 
(section 15). We recommend that this is interpreted as requiring plans that would meet the net-
zero GHG target entirely through domestic effort without recourse to purchase of international 
carbon units. 

The net-zero target should cover all sectors of the economy, including international aviation and 
shipping. That requires a new statutory instrument alongside the Climate Change Act: 

• Since all emissions contribute to climate change, the Committee has always been clear that 
UK emissions targets should apply to all sectors of the economy. That is the basis on which 
the analysis in this report has been developed and on which the recommendations are 
made. 

• The Climate Change Act (section 30) allows for emissions from international aviation and 
shipping to be included from any future year. Since the current carbon budgets have been 
set without these emissions, we recommend their inclusion from the first year of the sixth 
carbon budget (i.e. 2033). 

• Emissions should be included based on the ‘bunker fuels’ methodology.216 

We have not developed a full cost-effective path to the net-zero target for this report. We intend 
to provide that in our advice on the sixth carbon budget, which is due in 2020. We do not 
recommend changes to the fourth or fifth carbon budgets at this time, but note that they have 
been set on the path to the existing 80% target and therefore are likely to be too loose. We 
already recommend a cost-effective path that would take emissions beneath the level of the 
fourth and fifth carbon budgets.217  

                                                           
216 Bunker fuels is the convention used for estimating and reporting international transport emissions to the UN. It is 
based on the amount of aviation and shipping fuel sold in the UK. 
217 This largely reflects changes to the Government’s emissions projections (energy demand and emissions are now 
expected to be lower). See CCC (2018) Progress Report to Parliament for more details. 
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We reiterate the recommendation from our 2018 Progress Report that the goal should be to 
outperform the currently legislated budgets and we will consider whether they should be 
tightened in legislation as part of our advice on the sixth carbon budget. The priority now should 
be to strengthen policy to ensure that the fourth and fifth budgets are outperformed in 
preparation for a tougher sixth carbon budget on the path to the net-zero GHG target in 2050. 

3. Recommended targets for Wales and Scotland 
We have considered the appropriate targets for Wales and Scotland based on their respective 
capabilities. For example, Scotland’s higher land area per person allows for more CO2 
sequestration through afforestation, but its high share of UK peatland makes emissions 
reduction more challenging. 

In aggregate, these capabilities allow Scotland to reach a net-zero target slightly before the UK 
overall whilst for Wales they mean that we have not been able to identify a credible scenario for 
reaching net-zero GHG emissions. 

Our approach also reflects that the scenarios in Chapter 5 have been constructed to reflect the 
target-setting criteria in the Welsh Environment Act (2016) and Well-being of Future Generations 
Act (2015) and the Scottish Climate Change Act (2009) as well as the UK’s Climate Change Act 
(2008). 

(a) Recommended target for Wales 

We recommend that Wales increases the ambition in its 2050 target to require a 95% reduction 
in greenhouse gases, relative to 1990. This is contingent on our recommendation for a UK net-
zero greenhouse gas target being accepted and legislated. Achieving this target would cut net 
emissions of long-lived GHGs to below zero (the remaining 5% would be methane emissions, 
largely from agriculture), ending Wales's contribution to rising global temperatures. 

Under the Further Ambition scenario that underpins our advice on setting a net-zero target at 
UK level, Wales and the UK as a whole decarbonise to very similar extents. However, Wales is less 
able than the UK as a whole to go beyond the Further Ambition scenario to reach net-zero GHG 
emissions, due to limited opportunities to deploy additional GHG removals (i.e. due to lower 
access to suitable sites to store captured CO₂) or to use synthetic fuels to reduce aviation 
emissions (as Welsh aviation emissions are already near zero).  

This target represents Wales's fair contribution to the UK target and hence to the Paris 
Agreement. It does not imply lower policy ambition or effort in Wales, but reflects the large 
share of agriculture emissions in Wales and lower access to suitable sites to store captured CO₂. 

This is a large change in our assessment for how low Welsh emissions can go by 2050, which we 
previously assessed at an 85% reduction on 1990 emissions.218 Whilst our assessments have 
been revised across all sectors, the largest change is evidence of greater potential to reduce 
emissions from industry (see Chapter 5 and the Appendix to the technical report), which is 
particularly important for Wales. Alongside small changes in other sectors, this enables Wales to 
increase ambition significantly for 2050. 

                                                           
218 CCC (2017) Building a low-carbon economy in Wales – Setting Welsh carbon targets. 
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Should the UK not pursue the Committee’s recommended net-zero GHG target, however, it is 
very unlikely that achieving a 95% reduction in 2050 will be possible in Wales, given the number 
of areas in which Welsh decarbonisation depends on UK Government policy. 

Contingent on increased ambition at the UK level, the new target could be placed into 
legislation in 2020, together with the setting of Wales’s third carbon budget (covering 2026-
2030). 

(b) Recommended targets for Scotland 

We recommend that Scotland legislates now for net-zero greenhouse gas emissions by 2045, 
contingent on the UK adopting our recommended 2050 net-zero GHG target. 

Scottish circumstances 

Recommending targets for Scotland is complicated by two factors, one relating to future 
decisions over scientific methodology and one legislative: 

• There are methodological choices about how the full scope of peatland emissions should be 
reflected in the emissions inventory in future (see Chapter 5). These particularly affect 
Scotland, due to its high share of UK peatland. The way the UK Government decides to 
include it in the emissions inventory affects the feasibility of achieving net-zero emissions by 
a given date. The UK Government must decide this by 2022, but may choose to do so earlier. 

• A new Climate Change Bill is partway through its passage through the Scottish Parliament at 
present. This has two key implications for how we recommend targets: 

‒ Our recommendations affect a fluid situation, and we recognise that it is unlikely to be 
possible to wait for a definitive decision on our recommended UK net-zero target before 
an updated Scottish target is set. 

‒ The Bill requires not only the setting of a 2050 and/or net-zero target, but also decadal 
interim targets for 2020, 2030 and 2040.  

We have aimed to maximise the transparency of target-setting and avoid the risk that targets 
must later be changed in a way that may be perceived to be loosening them: 

• We recommend a net-zero target date of 2045 and interim targets for 2030 and 2040 on the 
basis that peatland emissions are fully included. This will avoid a change to the ‘headline 
ambition’ of Scottish targets once the inventory changes. We think this is the most 
transparent approach to setting the targets. 

• We include in our analysis the upper estimate for the amount of emissions that would be 
added to the emissions inventory once the full scope of peatland emissions is included. If the 
lower estimate were to be chosen, the targets may need to be revised.  

This approach is in line with the spirit of the Paris Agreement that there should be a ‘progression’ 
in pledged effort over time, with no back-sliding from previous commitments. 

Setting a net-zero target for Scotland 

Scotland can go further in reducing emissions than the UK as a whole by 2050, due primarily to 
its large land area that can be used for carbon sequestration, both through afforestation and 
through use of sustainable Scottish bioenergy combined with carbon capture and storage 
(BECCS), with the CO₂ being stored off the Scottish coast. The detailed analysis for the 
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Committee’s 2018 report Land use: Reducing emissions and preparing for climate change has 
strengthened our understanding of opportunities for carbon sequestration in Scotland. 

Under the Further Ambition scenario that underpins our advice on setting a net-zero target at 
UK level, by 2050 Scotland can reach a reduction of between 104% and 110% on 1990 
emissions219 (i.e. removals would be greater than emissions). A 110% reduction in 2050 would be 
consistent with net-zero GHG emissions in 2045, assuming a straight-line trajectory from 2020. 

Given potential in Scotland to go beyond the Further Ambition scenario (which achieves a 95-
96% reduction for the UK from 1990 levels), through additional afforestation, peatland 
restoration and/or 'engineered' greenhouse gas removals, we are therefore confident that 
Scotland could feasibly achieve net-zero GHG emissions by 2045. 

Again, should the UK not legislate the Committee’s recommended UK net-zero target it is very 
unlikely that Scotland would be able to achieve such a large reduction by 2045, given the 
number of areas in which Scottish decarbonisation depends on UK Government policy. 

As the Climate Change Bill is currently passing through the Scottish Parliament, we recognise 
the need for a target that can be legislated immediately without waiting to find out whether a 
UK net-zero target has been adopted. 

We therefore recommend that Scotland legislates for net-zero GHG emissions by 2045. This date 
is contingent on the UK adopting our recommended target. If the UK Government does not 
commit to a net-zero GHG target for 2050 then Scotland may need to revise its own net-zero 
date to 2050. 

Interim targets for Scotland 

The Scottish Climate Change Bill requires ‘interim’ targets to be set for 2020, 2030 and 2040.  

The focus of the analysis presented in this report has been on the appropriate level of emissions 
in mid-century and the implications for setting net-zero dates. It has not yet been possible to 
undertake a detailed analysis across the economy of the cost-effective path for emissions in the 
years prior to these targets. We will undertake detailed analysis of the path for emissions in 2020, 
for our advice on the UK sixth carbon budget (2033 – 2037) – at that point we will have a clear 
view on what a net-zero target implies for the path for emissions in earlier years. 

However, we recognise that the current legislative process in Scotland cannot wait for this 
detailed analysis. We have therefore identified prudent interim targets to be set, but on the basis 
that these may need to be revised in future, once the UK-wide pathway has been determined 
and further corresponding analysis of Scotland’s pathway can be undertaken.  

Our assessment of the interim targets takes the approach of drawing a straight line from 
emissions in 2020220 to the date of net-zero (Figure 8.2). This is clearly a simplification, but 
reflects that our previous detailed bottom-up analysis identified a roughly straight-line trajectory 
as the cost-effective path to Scotland’s current long-term target. A later net-zero date (i.e. 2050) 

                                                           
219 The range of 104% to 110% reflects the potential impact of future choices over which numbers from the IPCC's 
fifth assessment report for the global warming potentials of non-CO2 greenhouse gases, and over precisely which 
methodology is used to include the full range of peatland emissions. 
220 As we are proposing post-2020 targets on the basis that they will include the full range of peatland emissions, the 
starting point for the line in 2020 is based on the existing 56% target in 2020, adjusted to include the additional 
peatland emissions. This gives a 49.5% reduction in 2020 on the basis of these extra emissions being included. 
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would imply looser interim targets, but still requires percentage reductions at least as high as 
those currently in the Bill (Table 8.1).  

For our recommended 2045 net-zero GHG target for Scotland, the interim targets should be set 
at reductions from 1990 of 70% by 2030 and 90% by 2040. 

We anticipate that we will be in a position to provide updated advice once: 

• We have undertaken the pathway analysis for our advice, due in 2020, on the UK’s sixth
carbon budget; and

• The precise methodology for inclusion of peatland emissions has been decided.

We expect this to be no earlier than the end of 2020 (the deadline for the advice on the UK sixth 
carbon budget), and could be 2021 or 2022 depending on the timing of inclusion of full 
peatland emissions in the emissions inventory.221 

We do not propose any change to the 2020 interim target, as there would be no time to 
implement additional policies to meet it. Therefore we recommend that this stays at a 56% 
reduction on 1990 emissions, on the accounting basis of the emissions inventory published in 
June 2018. 

Figure 8.2. Indicative pathway for Scottish emissions on the way to net-zero 

Source: CCC analysis. 
Notes: The interim targets for 2030 and 2040 have been calculated on a straight-line trajectory to net-zero 
emissions in 2045 from emissions in 2020, on the basis of the upper estimate of peatland emissions and current 
global warming potentials (i.e. implying that emissions in 2020 are 49.5% below those in 1990). 

221 Full emissions from peatland are required to be included in the emissions inventory at the latest by 2022 (i.e. by 
the time of publication of the inventory detailing 2020 emissions). 

70% reduction

90% reduction

-20%

0%

20%

40%

60%

80%

100%

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

Em
is

si
on

s 
as

 p
er

ce
nt

aa
ge

 o
f 1

99
0 

ba
se

lin
e

Out-turn (excl. peatland)

Gap to existing 2020
target (excl. peatland)

Previous CCC path to 90%
(adjusted for peatland)

Straight-line trajectory to
net-zero in 2045

Current interim targets

Recommended interim
targets

790  



268     Net Zero – The UK's contribution to stopping global warming   |   Committee on Climate Change 

4. Leveraging a UK net-zero GHG target internationally
UK emissions, in line with our population, are only 1% of global emissions. It is therefore vital for 
the UK to maximise the impact of any new target on actions beyond the UK in order to tackle 
climate change and avoid some of the largest risks that would involve. This will also make the 
UK's task easier by stimulating the innovation and cost reduction for low-carbon technologies 
that global roll-out can bring. 

A 2050 net-zero GHG target would be commensurate with the most ambitious interpretation of 
Article 2 of the Paris Agreement, aiming to keep warming levels at or below 1.5°C. However, 
whether the increase in global average temperatures is limited to well below 2°C or 1.5°C will 
depend on action by the world overall (see Chapter 3). Global emissions would need to peak 
very soon and then fall rapidly, which requires a major increase in ambition compared to 
existing pledges and policies. 

By continuing to act as a climate leader and taking the opportunity of setting an ambitious net-
zero target, the UK can help support others in setting and meeting more ambitious targets of 
their own. 

In Chapter 4 we set out many of the opportunities for UK leadership to support increased global 
ambition in support of other elements of the Paris Agreement. These include: 

• Leading by example. The Climate Change Act set the world's first legally-binding long-term
emissions target, with a supporting framework to deliver it – it has been the model for
climate legislation in many other countries. The UK also trialled the first major emissions
trading scheme – a pilot for the EU Emissions Trading System (EU ETS). More broadly, the UK
has demonstrated that a major nation can reduce its emissions (down over 40% from 1990 to
2018) while growing its economy (GDP grew over 70% from 1990 to 2018). Setting a net-zero
GHG target and aiming to meet it domestically is the next step for the UK to keep leading by
example.

Table 8.1. Interim Scottish targets for 2020, 2030 and 2040 as reductions on 1990 emissions 

2020 interim 
target 

2030 interim 
target 

2040 interim 
target 

Proposed targets in the Scottish 
Climate Change Bill 

56% 66% 78% 

Recommended targets to prepare for 
net-zero GHG emissions in 2045 

56% 70% 90% 

Recommended targets to prepare for 
net-zero GHG emissions in 2050 

56% 66% 83% 

Source: CCC analysis. 
Notes: The interim targets for 2030 and 2040 have been calculated on a straight-line trajectory to net-zero 
emissions in 2045 from emissions in 2020, on the basis of the upper estimate of peatland emissions and current 
global warming potentials (i.e. implying that emissions in 2020 are 49.5% below those in 1990). 
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• Diplomacy and capacity building. The UK has consistently played an important and 
positive role in climate negotiations: in the UN, in the EU and in the international aviation 
and shipping agencies (ICAO and IMO). It has also launched (with Canada) the Powering Past 
Coal Alliance and helped initiate the High Ambition Coalition. The UK Foreign and 
Commonwealth Office has run sustained climate engagement activities for over a decade to 
support other countries on the politics, economics and practicalities of tackling climate 
change. Setting a strong net-zero target will enhance the UK's diplomatic influence, and it 
should continue to use this positively, to strengthen governance for bioenergy and removals, 
on sustainable finance and potentially as the host of the key UN talks in 2020 (COP26). 

• Technology development. The UK has taken a lead role in the development and 
deployment of some of the key low-carbon technologies. For example, becoming the largest 
market for offshore wind in the world, driving down costs through deployment. Such 
developments can now support decarbonisation elsewhere, at these low costs. In Chapter 3 
we consider global pathways where a group of leadership countries like the UK reduce 
emissions and deploy key technologies a decade or so ahead of the global average. A net-
zero GHG target would be consistent with these pathways, which look more plausible than 
pathways without developed country leadership. 

• Climate finance. The UK, through the aid budget, spends around £1 billion a year on climate 
finance activities. A recent performance review by the Independent Commission for Aid 
Impact reports that the UK positively influences the international agencies it engages with 
and increasingly contributes to transformational impact.222 Effective use of climate finance 
will continue to be vital to help move developing countries onto low-carbon development 
paths. 

Although the aim should be to meet the net-zero GHG target without international carbon units, 
the UK should take steps to develop markets for carbon units as a potentially useful mechanism 
to support increased effort internationally and as a contingency mechanism for the UK: 

• The Paris Agreement allows for some international transfer of mitigation outcomes. It 
also allows for bilateral arrangements between countries, which would allow the UK to set its 
own criteria for effective carbon units if central rules are not satisfactorily negotiated. 

• Carbon units could be useful in supporting required global action. Scenarios that meet 
the goals of the Paris Agreement involve costly measures in developing and middle-income 
countries. These are likely to need an ongoing income stream, which carbon markets and 
transfers of carbon units could provide. 

• Some use of carbon units could prove cost-effective. Our recommended UK target 
involves lower GHG emissions per person than the global pathways consistent with limiting 
temperature rise to 1.5°C. That opens the possibility that even if the UK does a little less and 
buys carbon units from elsewhere it would still be doing at least as much as the world 
overall. Our scenarios in Chapter 5 also involve a significant amount of emissions removals, 
some of which may be cheaper to deploy in other parts of the world (e.g. where there is 
more land, solar or biomass resource), although sustainability concerns would need to be 
carefully managed. 

 

                                                           
222 ICAI (2019) International Climate Finance: UK aid for low-carbon development. A performance review. 

792  



 
 

    
 
270                                 Net Zero – The UK's contribution to stopping global warming   |   Committee on Climate Change 

  

• The UK is well-placed to help develop global markets for carbon units:  

‒ The UK has already been influential in rule-setting negotiations on Article 6 and CORSIA 
(the carbon trading scheme being developed for the international aviation industry).  

‒ The UK is engaged in projects such as the Partnership for Market Readiness and bilateral 
partnerships to help build capacity for effective carbon markets, including skills, rules and 
know-how (e.g. for monitoring, reporting and verification). 

‒ The UK already supports improvements in systems design, including through pilot 
projects (e.g. the Transformative Carbon Assets Facility). 

‒ If the UK develops a domestic market for CO2 removals, this could form the basis for a 
wider international market. 

Any use of international carbon units for target compliance should be conditional on their 
integrity and robustness:  

• The UK should set out clear principles to ensure carbon units reflect an amount of emissions 
abatement that is at least equivalent to what would have been otherwise achieved through 
domestic effort.  

• Carbon units should support genuine and permanent emissions reductions or removals. 

• Any mechanism needs to ensure that credits are compatible with environmental and 
sustainable development objectives.  

In the shorter term, the UK should support the development and improvement of international 
markets for carbon units. This would develop the option to use these in the future if needed. 
Even if carbon units are not needed to meet UK goals, some purchase could be valuable as part 
of the UK's broader collaboration (e.g. some UK climate finance is already directed through 
carbon credit markets, with the units then written off). 

Currently the UK’s official contribution to the Paris Agreement is set through the EU’s collective 
pledge to reduce emissions by at least 40% by 2030 relative to 1990. Outside the EU, the UK 
would need to submit its own Nationally Determined Contribution (NDC) to the UN. For now 
that could be based on the higher ambition in the UK’s fifth carbon budget (which was set to 
require a 57% reduction in UK emissions from 1990 to 2030) but ultimately it should be based on 
the more ambitious pathway that the Committee will advise on next year, on the path to net-
zero GHG emissions in 2050. 

The Paris Agreement asks countries ‘to formulate and communicate long-term low greenhouse 
gas emission development strategies’. The UK has previously submitted the Government’s Clean 
Growth Strategy. Setting a net-zero GHG target and introducing long-term plans to meet it 
would provide a basis for a strengthened strategy. 

5. Delivering a net-zero target in the UK 
A UK net-zero GHG target in 2050 is feasible, but will only be deliverable with a major 
strengthening and acceleration of policy effort. Challenges across sectors must be tackled 
vigorously and in tandem, beginning immediately. That should be the clear understanding for 
the Governments and Parliaments of the UK, Scotland and Wales when considering the 
recommended targets. 
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(a) Feasibility of delivering a net-zero target in the UK 

It is impossible to predict the exact mix of technologies and behaviours that will best meet the 
challenge of reaching net-zero GHG emissions, but our analysis in this report gives an improved 
understanding of what a sensible mix might look like. Chapter 5 set out scenarios to reach net-
zero GHG emissions in the UK by 2050 based on known technologies. The scenarios include: 

• Resource and energy efficiency and some societal choices that cut demand for carbon-
intensive activities. 

• Extensive electrification, particularly of transport and heating, supported by a major 
expansion of renewable and other low-carbon power generation. 

• Development of a hydrogen economy to service demands for some industrial processes, for 
energy-dense applications in long-distance HGVs and ships, and for electricity and heating in 
peak periods. 

• Carbon capture and storage (CCS) in industry, with bioenergy (for GHG removal from the 
atmosphere), and very likely for hydrogen and electricity production. CCS is a necessity not 
an option. 

• Changes in the way we farm and use our land to put much more emphasis on carbon 
sequestration and biomass production, while shifting away from livestock. 

The scenarios are highly challenging, but given sufficiently ambitious and well-designed 
policies, they can be delivered in practice: 

• Overall costs are manageable. We estimate total costs of meeting a net-zero GHG target at 
around 1 – 2% of GDP in 2050 based on a conservative set of assumptions. Many of these 
costs will be spread over the economy, implying relatively small changes set against a 
growing economy. A key policy challenge is to ensure that costs are (and are seen to be) 
spread fairly and do not disadvantage UK industry. 

• UK citizens can benefit from the changes. The scenarios involve technologies that can 
provide an equivalent or superior service for customers: 

‒ Many of the changes (e.g. industry and power decarbonisation) occur in the production 
chain and will not impact directly on consumers. 

‒ Electric vehicles with large enough batteries and sufficient recharging infrastructure 
provide a superior driving experience. Energy-efficient homes with heat pumps and 
smart controls, possibly supplemented by back-up hydrogen boilers, can be as 
comfortable or more comfortable than homes today. 

‒ Where our scenarios involve changes in behaviour they are associated with wider 
benefits, for example improved health from more cycling and walking and from lower 
average consumption of red meat.  

• Good policy can tackle the barriers to change. Barriers include low public engagement in 
some of the challenges, the need for supporting infrastructure and coordinated decisions, 
misaligned incentives, access to capital, slow technical innovation and availability of workers 
with the required skills. All of these can be overcome over time with good policy design, and 
in many cases governments have begun to consider these challenges and to design policies 
to address them. 
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Our conclusion that the UK can achieve a net-zero GHG target by 2050 and at acceptable cost is 
entirely contingent on the introduction of clear, stable and well-designed policies. Government 
must set the direction and provide the urgency. 

(b) Overcoming obstacles to net-zero emissions 

Our analysis points to a number of priorities for the Government if it is to overcome the 
obstacles to reaching net-zero GHG emissions: 

• Strengthening policy-making. The net-zero challenge must be embedded and integrated 
across all departments, at all levels of Government and in all major decisions that impact on 
emissions. It must also be integrated with businesses and society at large. Since many of the 
solutions cut across systems (e.g. hydrogen has a role in electricity generation, 
transportation, industry and heating), fully integrated policy, regulatory design and 
implementation is crucial. That may require new frameworks, for example to ensure that 
departments, other than BEIS alone, sufficiently prioritise net-zero GHG emissions. Policy 
teams across departments must be sufficiently resourced to develop and implement the 
changes required. 

• Ensuring businesses respond. Some previous policies have delivered the desired business 
response in full (e.g. the banning of inefficient gas boilers in the 2005/06 Building 
Regulations, the offering of long-term contracts to offshore wind farms). Others, like the 
Green Deal and vehicle emissions standards, have not. For a net-zero GHG target, standards 
will need strict enforcement and incentive schemes must be designed with businesses and 
investors in mind. The ends (i.e. stopping GHG emissions) should be clear, but there should 
be flexibility to meet them in the most effective way. Crucially, there should be a stable and 
long-term approach. 

• Engaging the public to act. Much of the success so far in reducing emissions (e.g. power 
sector decarbonisation and even the phase-out of inefficient gas boilers) has happened with 
minimal change or awareness needed from the public. However, this cannot continue if the 
UK is to reach net-zero emissions. Public engagement and support will be particularly vital 
for the switch to low-carbon heating – people will need to make changes inside their homes 
and coordinated central decisions must be taken on the balance between electrification and 
hydrogen. People should understand why and what changes are needed, to see a benefit 
from making low-carbon choices and to access the information and resources required to 
make the change happen. 

• Determining who pays. If policies are not sufficiently funded or their costs are seen as 
unfair, then they will fail. HM Treasury should undertake a review of how the transition will 
be funded and where the costs will fall. The review should cover the use of fiscal levers and 
Exchequer revenue, costs from carbon trading schemes, the impact on energy bill-payers 
and motorists, and the costs to industries especially where they are carbon-intensive and 
trade-exposed. It should cover costs from now through to 2050.  

• Providing the skills. The Government has recognised the importance of developing skills in 
its Industrial Strategy and sector deals. These should be used to tackle any skills gaps that 
would otherwise hinder progress. For example, new skills support for designers, builders and 
installers is urgently needed for low-carbon heating (especially heat pumps), energy and 
water efficiency, ventilation and thermal comfort, and property-level flood resilience. 
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• Ensuring a just transition. Building on the reviews of who pays and of skills, the 
Government should assess more broadly how to ensure that the overall transition is 
perceived as fair and that vulnerable workers and consumers are protected. That must 
include analysis at the regional level and for specific industrial sectors. We note that Scotland 
has already appointed an independent Just Transition Commission to advise on ‘a carbon-
neutral economy that is fair for all’. 

• Developing the infrastructure. Reaching net-zero emissions will require development or 
enhancement of shared infrastructure such as electricity networks, hydrogen production and 
distribution and CO2 transfer and storage. Government, in partnership with the National 
Infrastructure Commission, should give urgent consideration to how such infrastructure 
might best be identified, financed and delivered. Regional coordination will be required, 
including for transport where powers are devolved. 

(c) Recommendations for policy in specific areas 

Specific policies are now required to address the key areas of emissions across the economy. This 
is a pre-condition of achieving a net-zero GHG target by 2050. Many of our recommendations 
here are not new: the Committee has already recommended strengthened approaches to heat 
decarbonisation, CCS and hydrogen, electric vehicles, agriculture, waste, and low-carbon power. 
The interdependencies between these sectors must be taken adequately into account, 
emphasising the importance of a coherent overall strategy.  

• Heating buildings. An overhaul of the approach to low-carbon heating and energy 
efficiency is needed. The Government’s planned 2020 Heat Roadmap must establish a new 
approach that will lead to full decarbonisation of buildings by 2050. This must be fully-
funded, following the Spending Review, and it is essential that the Treasury commits now to 
working with BEIS on this. Recent announcements on new build must be delivered. 

• CCS. Carbon capture and storage is essential. We previously recommended that the first CCS 
cluster should be operational by 2026, with two clusters, capturing at least 10 MtCO₂, 
operating by 2030. For a net-zero target it is very likely that more will be needed. At least one 
of the clusters should involve substantial production of low-carbon hydrogen. The 
Government will need to take a lead on infrastructure development, with long-term 
contracts to reward carbon capture plants and encourage investment. 

• Electric vehicles. By 2035 at the latest all new cars and vans should be electric (or use a low-
carbon alternative such as hydrogen). If possible, an earlier switchover (e.g. 2030) would be 
desirable, reducing costs for motorists and improving air quality. This could help position the 
UK to take advantage of shifts in global markets. The Government must continue to support 
strengthening of the charging infrastructure, including for drivers without access to off-
street parking. 

• Agriculture. Agriculture is already facing a period of considerable change. Future success 
will require diversification of incomes and taking the opportunities that come with 
transformational land use change. Policy to encourage farming practices that reduce 
emissions must move beyond the existing voluntary approach. Financial payments in the UK 
Agriculture Bill should be linked to actions to reduce and sequester emissions, to take effect 
from 2022.  
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• Waste. Biodegradable waste streams should not be sent to landfill after 2025. This will 
require regulation and enforcement, with supporting actions through the waste chain, 
including for example mandatory separation of remaining waste. 

• Low-carbon power. The supply of low-carbon power must continue to expand rapidly, and 
increasingly, from around 2030, some may need to run for only part of the year. While many 
options no longer need subsidies, Government intervention may still be needed, for example 
by backing long-term contracts aligned to expected wholesale prices. Policy and regulatory 
frameworks should also encourage flexibility (e.g. demand response, storage and 
interconnection). 

In setting a net-zero target, these actions must be supplemented by stronger approaches to 
policy for industry, land use, HGVs, aviation and shipping, and GHG removals: 

• Industry. Government must implement an approach to incentivise industries to reduce their 
emissions through energy and resource efficiency, electrification, hydrogen and CCS in ways 
that do not adversely affect their competitiveness. In the short-term, this is likely to imply a 
role for Exchequer funding. Longer term, it could involve international sectoral agreements 
(e.g. for industries like steel where there are relatively few global companies), procurement 
and product standards that drive change by requiring consumers to buy or use low-carbon 
products (e.g. where UK consumption is a large part of an industry’s market) or through 
border-tariff adjustments that reflect the carbon content of imports. Wider infrastructure 
developments to support CCS and hydrogen roll-out will support industry to make the 
required changes. 

• Land use. Consumer-facing policies should be used to support shifts to healthier diets with 
lower beef, lamb and dairy consumption. These would allow changes in UK land use without 
increasing reliance on imports. Forest cover should increase from 13% of UK land to 17% by 
2050. Policy must support land managers with skills, training and information.  

• HGVs. The Government will need to make a decision on the required infrastructure for zero 
emission HGVs, with international coordination, in the mid-2020s ready for deployment in 
the late 2020s and throughout the 2030s. To help prepare for that, trials of zero emission 
HGVs and associated refuelling infrastructure are now needed. Vehicle and fuel taxation from 
the 2020s onwards should be designed to incentivise commercial operators to purchase and 
operate zero-emission HGVs. 

• Aviation and shipping. ICAO and IMO, the international agencies for aviation and shipping, 
have adopted targets to tackle emissions. The scenarios in this report go beyond those 
targets, suggesting increased ambition and stronger levers will be required in the long run. 
We will write to the Government later this year on its approach to aviation, building on the 
advice in this report. 

• GHG removals. The Government should expand support for early-stage research across the 
range of GHG removal options, including trials and demonstration projects. It should also 
signal the longer-term market, which is clearly needed to meet a net-zero target, by 
developing the governance rules and market mechanisms to pay for emissions removals. 
Aviation stands out as an obvious sector that could require removals to offset its emissions – 
either through CORSIA (the international aviation industry’s planned trading scheme), the EU 
ETS or unilaterally the UK could support a net-zero target for aviation, requiring that all 
emissions are offset by removals. 
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While a net-zero GHG target brings additional challenges, it also brings clarity around policy 
objectives and what each sector is aiming for. There are opportunities for UK businesses to gain 
competitive advantage as they shift to the future zero-carbon basis required in the UK and the 
world. Government should make the most of those opportunities with a bold new programme 
for emissions reduction, which it should begin to introduce immediately. 
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Foreword 
The COVID-19 pandemic has changed all of our lives. Its effects are far-reaching – its 
implications profound. Our 2019 report to Parliament urged Government to act on climate. 
“Now, do it” was our call. Twelve months on that remains our emphatic message, but with a new 
determination: we must seize the opportunity to make the COVID-19 recovery a defining 
moment in tackling the climate crisis. We say to the Government: “act courageously - it’s there 
for the taking”.

This report provides important new advice to Government on framing a recovery from Covid-19 
that both accelerates the transition to Net Zero and strengthens our resilience to the impacts of 
climate change, whilst driving new economic activity. It builds on the six key principles for a 
resilient recovery which we outlined in our letter to the Prime Minister in May. We are pleased to 
see these principles guiding the growing momentum for a green recovery.

This report to Parliament includes our annual review of UK progress in reducing greenhouse gas 
emissions. The message is clear: action taken in this Parliament will define the pathway towards 
Net Zero and climate change resilience. 

This year, for the first time, we are providing Parliamentarians with new tools to scrutinise 
progress across Whitehall through an overview of key actions which must be delivered 
department-by-department. Our hope is that this approach will also prove useful for the 
Cabinet Committee on Climate Change as it coordinates Government action. We will review the 
progress of that Committee against our latest recommendations in June 2021.

Strong domestic action will provide the basis for the UK Government’s vital international 
leadership in the coming year as it takes on the presidency of the COP26 climate summit in 
2021. The UK’s international credibility is on the line. The much-anticipated climate conference 
will be a major test of global cooperation as the world seeks to recover from COVID-19. With 
strong climate action taking place here at home, the UK will be well placed to guide that global 
response. 

Our report this year is extensive, but the priorities ahead are clear. The most effective and 
decisive action to secure our recovery from COVID-19 will also accelerate the transition to Net 
Zero and strengthen our resilience to the changing climate. Unifying these aims is absolutely 
necessary and entirely possible.

Lord Deben   Baroness Brown of Cambridge 
Chairman, Committee on Climate Change Chair, Adaptation Committee 

810  



Executive Summary

811  



Executive Summary 13 

COVID-19 is a public health crisis; our recovery from it will reshape how we tackle the climate 
crisis. Choices in the coming months must steer a recovery that drives vital new economic 
activity, accelerates our transition to Net Zero and strengthens our resilience to the impacts of 
climate change. UK domestic climate ambition can be the basis for UK international leadership in 
2021, in the Presidency of the delayed UN climate summit in Glasgow (COP26) and in the G7 
Presidency. 

It is 12 months since Net Zero became law, requiring the UK to reduce net emissions of 
greenhouse gases to zero by 2050. Initial steps towards a net-zero policy package have been 
taken, but this was not the year of policy progress that the Committee called for in 2019.  

Net Zero has been adopted as a key goal of the Government and the Prime Minister is chairing a 
Cabinet Committee to deliver it. There were important new announcements on transport, 
buildings, industry, energy supply, agriculture and land use. But these steps do not yet measure 
up to meet the size of the Net Zero challenge and we are not making adequate progress in 
preparing for climate change. 

The delay of COP26 to November 2021 provides a window to address this policy deficit and 
establish a credible internationally-leading position: 

• The Buildings and Heat Strategy, due later this year, must take low-carbon heating from a 
niche market in the UK to the dominant form of new heating installation by the early-2030s. It 
should be supported by a national effort to improve the energy efficiency of UK buildings 
along with ensuring their safety and comfort as the climate warms.

• The Government's welcome new ambitions to change patterns of transport demand and 
decarbonise surface transport still require strong policies to deliver them, especially in the 
context of COVID-19 recovery and social distancing.

• The goal to substantially expand supplies of low-carbon power must be accompanied by 
steps in the Energy White Paper to encourage a resilient and flexible energy system.

• Enduring market mechanisms are needed to drive investment in a much wider set of low-
carbon industrial technologies and industrial sectors than the piecemeal schemes announced 
so far.

• The unique opportunity to reform agricultural support and encourage transformational land-
use change will be missed unless the Environment and Agriculture Bills are strengthened. 
They should be backed by a strategic mechanism to fund tree planting and natural carbon 
storage at a much larger scale while improving the productivity and resilience of our food 
supply, strengthening flood protection and protecting biodiversity.

• UK leadership also depends on building resilience to climate change, a resilience which no UK 
sector has yet demonstrated for even a 2°C rise in global temperature. We will publish our 
updated assessment of the risks and a review of the UK's progress next June, by which time 
much better plans must be in place. 

The Cabinet Committee on Climate Change will be crucial to coordinating and prioritising cross-
departmental initiatives and will need to move to frequent, regular meetings. 

Success requires that net-zero emissions and improved climate resilience are integral to the 
COVID-19 recovery. The extraordinary steps taken to slow infections in recent months have 
created new economic and social pressures. Climate investments will help create jobs and 
stimulate economic recovery, while changing the course of UK emissions and improving our 
resilience to climate change for the coming decade and beyond. 
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The fundamental requirements to achieve Net Zero (set out in chapter 1) are largely unchanged 
by COVID-19. They include infrastructure investments and reskilling of workers – both of which 
can help the UK to recover from the COVID-19 crisis.  

Meanwhile, the risks of the changing climate continue to mount. A sharp fall in global emissions 
in 2020 will not address the cumulative problem of rising concentrations of greenhouse gases in 
the atmosphere. The need to increase the UK's preparedness for future shocks has never been 
clearer. This is a moment to improve the effectiveness of national planning for the threats from 
climate change that are already inevitable, as well as the uncharted but potentially catastrophic 
change if higher levels of warming occur.  

This report, required under the Climate Change Act, takes stock of progress in reducing UK 
emissions. We offer commentary on progress in each sector and the steps that can be taken now 
to achieve a green and resilient recovery. Our recommendations on emissions reduction are 
joined by recommendations to improve climate change adaptation to strengthen the UK's 
resilience to climate risks. For the first time our advice is grouped by Government department to 
bring extra clarity to the steps required across government and to emphasise that this is indeed 
a task for the whole Administration, not one limited to a few Departments (Tables 1-14, which 
follow this summary). 

Building a resilient recovery from the COVID-19 crisis 
In 2020, global emissions are expected to fall by a record 5-10%, with a potentially larger fall in 
the UK.1 But this effect is only temporary. CO₂ emissions must be cut consistently year after year 
until they reach net-zero globally to slow and halt global warming. 

The UK has agreed though the UN to lead a global work stream on ensuring an inclusive and 
sustainable recovery. This is a tribute to the UK's reputation and will require the UK to be an 
exemplar in its domestic recovery programme. 

The months ahead have huge significance. The steps that the UK takes to rebuild from the 
COVID-19 pandemic and its economic damage can also accelerate the transition to low-carbon 
activities and improve our climate resilience. Climate investments can also support the 
economic recovery and secure good jobs for the long term, while taking advantage of low 
interest rates.  

The pandemic has also demonstrated how quickly social change can occur – and the role of 
government in driving that change. Early indications show that the public are now more aware 
of external risks and continue to favour action to tackle climate change.2  

These are strong conditions for Government to reinforce the climate-positive behaviours that 
have emerged during the lockdown, including increased remote working, cycling and walking. 
Public sector leadership can play a key role in the forming of new social norms and expectations. 

1 The International Energy Agency published a scenario with an 8% drop in global CO₂ emissions in 2020. The Global 
Carbon Project estimated a global emissions drop of 2-7% if lockdowns are short-lived and 3-13% if restrictions 
remain globally to the end of the year. Daily emissions in the UK are estimated to have seen a peak fall of 31%, 
compared to an average peak fall in individual countries of 26%.  
2 In a poll for IPSOS, 66% of the British public agreed that 'in the long term, climate change is as serious a crisis as 
COVID-19 is'; 79% of UK Climate Assembly members agreed that the economic recovery 'should be designed to help 
achieve Net Zero'. 
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Lessons from the COVID-19 crisis on the importance of planning for systemic risks also apply to 
our preparations for climate change itself. The Committee has already highlighted a dearth of 
climate adaptation planning in government. This is a moment to confront the range of climate 
risks that face the UK, including flooding, over-heating and water shortages, with realistic 
planning for the inevitable temperature rises ahead.  

There are also new threats to delivering the UK's Net Zero goal. Measures to protect public 
health inevitably will affect the ability to deliver some climate measures (e.g. continued social 
distancing will hinder a movement towards public transport, and some low-carbon investments 
will be delayed). Short-term choices aimed at tackling unemployment and inequality, if poorly 
targeted, could lock in higher emissions in the long-term. Similarly, international choices focused 
narrowly on short-term economic recovery could undermine efforts to cut global emissions. 
Planning must be reset across the whole of government (Box 1 sets out principles for this reset): 

• In the short term, with the economy operating well below capacity, action by Government 
must protect workers and businesses, restore confidence, stimulate spending and rebuild a 
greener economy, particularly for the most affected regions and sectors. These objectives 
can be strongly complementary to the UK's climate goals and must avoid locking into 
carbon-intensive activities in the long term. 

• For the long term, the UK must invest in key assets to build capacity and enable productive 
activity in the future. This means investing in climate-resilient low-carbon infrastructure, job 
creation in low-carbon and climate-resilient industries, training and reskilling of the 
workforce. It also requires investments in building knowledge, and natural, social and 
institutional capital. Public money should not support industries or infrastructure in a way 
that is not consistent with the future net-zero economy or that increase exposure to climate 
risks. 

There is strong evidence, set out in chapter 5, that a range of low-carbon and climate adaptation 
'green stimulus' measures fulfil both the short-term and long-term needs. Many can be delivered 
quickly, have high economic multipliers (i.e. they in turn stimulate further boosts to economic 
activity), create high numbers of jobs, and boost spending in the UK (rather than overseas). In 
the long term, a transition to a low-carbon, efficient and resilient economy will bring 
productivity benefits throughout the economy. 

There are clear economic, social, and environmental benefits from immediate expansion of the 
following measures: 

• Investments in low-carbon and climate-resilient infrastructure. 

• Support for reskilling, retraining and research for a net-zero, climate-resilient economy. 

• Upgrades to our homes and other buildings ensuring they are fit for the future. 

• Action to make it easy for people to walk, cycle, and work remotely. 

• Tree planting, peatland restoration, green spaces and other green infrastructure. 

Greater use of carbon taxes can support the public finances and strengthen incentives to reduce 
emissions. They are particularly attractive when global oil prices, and therefore consumers' 
energy costs, are low, as they are now. Particular attention is needed to where the costs and 
benefits of action fall, given the uneven effects of the COVID-19 crisis.  

Chapter 5 sets out detailed advice on the steps to achieve a resilient recovery. 
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Box 1. Six principles for a resilient recovery 

In April 2020, we wrote to the Prime Minister and the First Ministers of Scotland, Wales and Northern 
Ireland setting out six principles for a resilient recovery from COVID-19: 

• Use climate investments to support the economic recovery and jobs.

• Lead a shift towards positive long-term behaviours.

• Tackle the wider ‘resilience deficit’ on climate change.

• Embed fairness as a core principle.

• Ensure the recovery does not ‘lock-in’ greenhouse gas emissions or increased climate risk.

• Strengthen incentives to reduce emissions when considering fiscal changes.

Our Costs and Benefits Advisory Group on Net Zero, which we reconvened for this report, endorsed 
these principles and concluded that "the economic recovery from [COVID-19] gives the UK a chance to 
grow back in a way that is fit for the low-carbon future to which it aspires, and that can benefit from the 
industrial and economic developments that this future offers." 

Source: CCC (2020) Letter to Prime Minister Boris Johnson on Building a resilient recovery from the COVID-19 crisis. 

Taking strong UK climate governance to COP26 
Next year the UK will host the rescheduled 26th 'Conference of the Parties' climate summit 
(COP26). 2021 will also see the UK hold the presidency of the G7. The year ahead is a critical 
moment for global progress on climate change and a major test of global cooperation more 
generally after COVID-19. The core goal of COP26 is to raise the ambition of countries' targets. As 
COP President, there will be huge expectations on the UK to do so. It has never been more 
important for the UK to demonstrate strong climate leadership, both for the world's future and 
for the UK's standing within it. Since the Climate Change Act was passed in 2008 reductions in 
greenhouse gas emissions have been driven by some strong sectoral policies (see chapter 2).  

• In the period 2008-2019, overall territorial emissions have reduced by 30% while the
economy grew by 15%. The UK has the strongest record of emissions reduction in the G20
over the last decade, and over a longer period back to 1990. The good performance
continued in 2019, with a 3-4% reduction in emissions to 480 MtCO₂e, the seventh year in a
row with falling emissions.3

• Under consumption accounting – which includes emissions embedded in imports produced
overseas but consumed in the UK – despite rising consumption, emissions have also fallen,
although more slowly (by 18% from 2008 to 2017, the latest year of available data). This
reflects that the same factors driving down UK territorial emissions have also reduced our
consumption emissions, with only small contributions from changing consumption and
trade patterns over the last decade. Chapter 2 provides new analysis of the UK's overall
carbon footprint.

3 These figures include emissions from international aviation and shipping. From 1990 to 2019, emissions fell 41% 
and the economy grew 78%. 
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Figure 1. UK emissions have fallen while the economy has grown (1990-2019) 

Source: BEIS (2020) 2019 UK Greenhouse Gas Emissions, Provisional Figures; BEIS (2020) 2018 UK Greenhouse Gas 
Emissions, Final Figures; ONS (2020) Gross Domestic Product: chained volume measures: Seasonally adjusted £m; 
Defra (2019) UK’s carbon footprint; CCC analysis. 
Note: International aviation and shipping is included in both the territorial and consumption emissions statistics. 

Recent falls in UK emissions are dominated by policy-driven progress in the power sector. While 
other sectors with weaker policies have made more limited progress, power sector emissions fell 
67% from 2008 to 2019 under a well-designed, coherent and effective package of policies to 
encourage low-carbon investment: 

• A clear direction. Since the Climate Change Act was passed, it has been widely understood
that the power sector would have to decarbonise heavily given its high emissions and to
support electrification in other sectors.

• A stable, predictable carbon price. The UK introduced a carbon price floor in 2013 to
underpin the price in the EU Emissions Trading System.

• Investable market instruments. Following initial progress under the Renewables
Obligation, long-term contracts for low-carbon power generation were announced in 2011,
to be awarded by competitive auction. Emerging technologies (e.g. offshore wind) were
explicitly supported in addition to more mature options.

• Product standards. European efficiency standards for lights and household appliances
drove down electricity use as products were replaced over time with more efficient models.

• Enabling measures. Potential blocks on progress were addressed, guided by public-private
collaboration, for example, through the Green Investment Bank.

Besides the direct reductions in emissions, this package has driven down costs (e.g. offshore 
wind has fallen from over £150/MWh to around £40/MWh) and supported industrial activity and 
boosted regional employment. 
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The lessons from UK power sector decarbonisation must now be applied in other sectors. This 
will also bolster the UK's leadership credentials ahead of COP26, providing the strongest 
platform to encourage a global increase in effort. That can build on the powerful example of 
phasing out coal for electricity generation while maintaining security of supply.  

Comprehensive global leadership on climate policy also requires the UK's progress on emissions 
to be matched by much stronger climate adaptation planning, which has languished for the last 
decade.  

In chapter 3, we highlight broader lessons from the UK's experience since the Climate Change 
Act – both successes and failures. The UK COP26 Presidency can emphasise the importance of 
strong national climate laws and strong climate policy to deliver against them.  

The last 12 months: progress since the Net Zero target was set 
While policy implementation has not yet met the required ambition, Net Zero has proved to be a 
strong signal for new policy development across government. We set out the progress in the last 
year on policy to prepare for Net Zero in chapter 4. 

The overall policy framework 

Important new parts of the policy framework have been introduced since the target was set a 
year ago. Most have not yet delivered, however, so must progress in the coming year. Their work 
should be integrated with the wider COVID-19 recovery strategy. 

• The UK Government has instigated a Cabinet Committee on Climate Change, chaired by
the Prime Minister, as we recommended last year. However, it did not meet until March this
year, five months after its creation. The Cabinet Committee should meet regularly (e.g.
monthly) and report transparently against its goals "to hold departments to account for their
actions to combat climate change" (which should include adaptation actions) and to "co-
ordinate" the net-zero strategy.4

• A Treasury Net Zero Review has commenced to "consider how the transition to Net Zero
will be funded and assess options for where the costs will fall", in line with the Committee's
recommendation.5 A just transition is a crucial part of meeting our Net Zero target. The
review should feed in immediately to plans for the COVID-19 recovery and put Net Zero at
the heart of the UK's economic strategy.

• The National Infrastructure Strategy, due to set a vision for infrastructure development
over the next 30 years consistent with Net Zero, has been delayed from Budget 2020. It
should prioritise early funding for areas needing public finance that will support the recovery
and prepare for Net Zero and require that all new investments should assess and plan for the
impacts of climate change. Important priorities include: energy efficiency and avoiding over-
heating in buildings; electric vehicle charging infrastructure; hydrogen production and
carbon storage infrastructure; 5G and fibre broadband; and risk management for flooding
and coastal erosion.

4 HMG (2019) PM to chair new Cabinet Committee on Climate Change. 
5 HMT (2019) HM Treasury’s review into funding the transition to a net zero greenhouse gas economy: terms of reference. 
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• The Climate Assembly was convened by Parliament to explore public attitudes on how the
UK should meet the Net Zero target. After initial delay due to COVID-19 it was completed
virtually and is due to report this summer. Its findings should inform policy development and
wider efforts to engage the public in the Net Zero challenge.

• Plans for a UK Emissions Trading System are developing – the Government has committed
to this being more ambitious than the EU scheme from the start and to revising it to align to
the net-zero pathway after the Committee advises on that pathway in December.

• Energy Innovation Needs Assessments were published to identify the key innovation
needs across the UK energy system. These can guide energy innovation spending, which in
2015 the Government committed to double to over £400 million per year by 2021.

Policies to drive emissions reductions across the sectors 

Progress is also underway in developing policies to drive emissions reductions across the largest 
emitting sectors of the economy. However, these are generally far from complete and leave 
significant gaps. 

• Policy ambition for cars and vans is strengthening and addressing the right areas.

‒ The Transport Decarbonisation Plan sets bold ambitions on the demand side, which will
need to be backed by firm policies. Near-term changes to enable social distancing (e.g. 
dedicating more road space for walking and cycling) can support longer-term shifts that 
will improve air quality and public health. 

‒ The UK Government is consulting on bringing forward the date for phasing out petrol 
and diesel cars and vans (including hybrids) from 2040 to 2035 or earlier, in line with the 
Committee's advice. The Committee's assessment is that the date should be brought 
forward to 2032 at the latest, and backed by detailed policy arrangements to deliver it.  

‒ Company car tax reforms, alongside purchase grants and preferential tax treatment, are 
providing a strong consumer incentive to purchase low-carbon vehicles. More could be 
done with Vehicle Excise Duty to strengthen incentives for all buyers and to discourage 
the most polluting vehicle purchases. 

‒ The Department for Transport's expansion plans for the charging network are in line with 
the requirements identified in the Committee's analysis. Now they must be delivered. 

• Announcements for manufacturing and other industry have been piecemeal and slow.
The Government consulted on mechanisms to incentivise industrial carbon capture and
storage and announced a £250m Clean Steel Fund. However, coverage of these policies is far
too narrow and progress has been too slow, as has delivery of the existing £600m capital
funds for decarbonising manufacturing. There is still no strategic approach to drive change
at the required scale and pace.

• Buildings and heating policy continues to lag behind what is needed.

‒ Provided the final details match its intentions, the Future Homes Standard will mean that
new homes must be built to be zero-carbon from 2025. This change is long overdue – 
since the Climate Change Act was passed, nearly two million homes have been built that 
are likely to require expensive zero-carbon retrofits and have missed out on lower energy 
bills. 
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‒ The Government's election manifesto pledged over £9 billion over the next decade for 
energy efficiency. This is welcome but not enough to match the size of the challenge and 
has been delayed while awaiting the National Infrastructure Strategy. 

‒ The Renewable Heat Incentive has been extended and reforms proposed, while a Green 
Gas Levy has been proposed. While welcome, the current plans are far too limited to 
drive the transformation required to decarbonise the UK's existing buildings, leaving a lot 
of work for the Buildings and Heat Strategy that is under development (and to which we 
return below). 

‒ There remains a longstanding need to integrate emissions reduction measures in homes 
with improvements to resilience and indoor environmental quality. Having a policy that 
considers all of these together is critical to ensure building safety and comfort. 

• Power sector plans are advancing in line with the large scale required for the net-zero
target. Contracts to construct a further 6 GW of offshore wind were awarded at record low
prices in the last year and ambition for 2030 was increased from 30 GW to 40 GW. The
Government announced welcome plans to bring large-scale solar and onshore wind back
into the system of power auctions. A clear timetable for future auctions would support
delivery and development of supply chains.

• Agriculture and land use, land-use change and forestry (LULUCF). The Government has
included climate mitigation (i.e. reducing emissions) and adaptation (i.e. preparing for the
impacts of climate change) as key 'public goods' to be paid for as part of the UK's overhaul of
agriculture and land policy through the Agriculture and Environment Bills. The final
legislation and detailed policy design will need to be strong and effective to deliver the
transformational change needed – the current voluntary approach has failed to cut
agricultural emissions, there has been no coherent policy to improve the resilience of the
agriculture sector, and tree planting policy has failed outside of Scotland.

Progress in the last year has reached beyond central and devolved government, with significant 
new commitments to reduce emissions to net-zero by local authorities and private companies. 
These demonstrate the broad willingness to take action, provided they are backed with 
investable policy frameworks to deliver the changes required. There is also an important role for 
regulators (e.g. Ofgem, whose decarbonisation action plan considers the impact of Net Zero on 
its activities) and public bodies (e.g. the NHS are developing plans to reach net-zero emissions as 
soon as possible). 

Progress remains significantly off track in adaptation to build climate resilience. 

The year ahead: defining the UK's climate credentials 
In December, the Committee will publish its recommendation on the level of the Sixth Carbon 
Budget, the limit on UK emissions for 2033-37. This will present a full pathway to net-zero 
greenhouse gas emissions by 2050. Government is required to respond to that advice and 
legislate the new carbon budget by June 2021.  

The critical policy and infrastructure decisions for Net Zero will be defined in this Parliament. The 
broad path is already clear.  

• By 2025, a full net-zero policy package must be in place and working effectively. Most areas
will have scaled up delivery and the transition must be well underway.
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• By 2030-35, almost all new investments (e.g. all new cars and heating systems) should be 
zero-carbon. 

• From 2035 to 2050, emissions will continue to reduce rapidly as investments flow through 
the economy, but the rate and type of investment will not need to change as much as in 
earlier years. 

The key remaining elements of the net-zero policy package must be put in place in the coming 
months, early enough to demonstrate the UK's credentials ahead of COP26. 

• Surface transport (which accounted for 24% of 2019 emissions): ambitions must be 
delivered and extended. Ambitions for supporting active travel and for decarbonising cars 
and vans must be translated to action in the Transport Decarbonisation Plan, due later in 
2020. For example, there should be a rising mandate for car companies to sell a minimum 
share of zero-emissions vehicles, reaching 100% by 2032 at the latest. The sort of policy 
package targeted at the car and van markets must be extended to other vehicles, including 
heavy goods vehicles. 

• Industry (21% of 2019 emissions)6: policy needs to be more strategic and move faster. 
The Government must set out a long-term approach to drive change in manufacturing at the 
required scale and pace alongside a strengthening of UK competitiveness. A funding 
mechanism is needed for the operational costs of demonstration and early deployment of 
industrial electrification and hydrogen use as well as carbon capture and storage (CCS). 
Faster deployment of announced funds would support jobs, skills and the recovery, while 
enabling crucial progress on decarbonisation. 

• Buildings (18% of 2019 emissions): policy needs a step change in ambition and delivery 
this year. It can play a key role in supporting the economic recovery and creating jobs and 
training opportunities across the UK. Efforts to reduce emissions must be integrated with 
efforts to improve the safety and resilience of buildings (e.g. to fire, flooding and over-
heating), indoor air quality and efforts to tackle fuel poverty. The housing ministry (MHCLG) 
and the Treasury have key roles alongside the energy department (BEIS). 

‒ The Buildings and Heat Strategy, planned for later in the year, must set a clear direction, 
backed by standards, towards phasing out installation of new gas boilers by 2035 at the 
latest and making homes climate-resilient. 

‒ It should be supported by tax or levy changes that favour low-carbon heating over fossil 
fuels and funding for capital grants (including for hybrid heat pumps) at a much larger 
scale than existing plans. 

‒ A set of enabling measures is needed to build skills and confidence, to improve the 
consumer experience and to strengthen monitoring and compliance. 

‒ Local authorities and network operators should be given key roles in driving early 
progress and planning, backed up by the necessary resources. 

‒ Commercial buildings must also be addressed and the public sector should take a lead. 
Embedded emissions, which include emissions from the construction process and the 
materials used in buildings, must also be tackled. 

 

                                                           
6 The emissions percentages in this section include construction and fossil fuel supply in industry. 
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• Energy supply (the power sector accounted for 12% of 2019 emissions): policy must
reach beyond renewable power. The Energy White Paper, due later in 2020, should address
the challenges faced as renewables take an ever larger share: how they will be contracted,
how the economic benefits of flexibility will be realised and how energy supply resilience will
be ensured. A similarly ambitious policy package should be developed to build supply of and
demand for low-carbon hydrogen. Bioenergy and wastes must be tightly regulated to ensure
sustainability and their use should be prioritised in such a way as to maximise emissions
savings across the economy. Any bail-outs for the oil and gas sector should support their
transition towards net-zero business models.

• Agriculture (9% of 2019 emissions) and land (removals of 2%): policy must drive
transformational changes. As the Agriculture and Environment Bills move to
implementation there should also be: a strengthened regulatory baseline to ensure low-
regret measures are adopted; incentive schemes such as auctioned contracts to drive
afforestation; and enabling measures to address issues such as skills, supply chains and
barriers for tenant farmers. Policy design must account for the challenges of the changing
climate and reflect wider environmental policy, including for biodiversity, to make the most
of potential synergies and avoid unnecessary trade-offs.

• International aviation and shipping should be formally included in UK climate targets
when the Sixth Carbon Budget is set, and net-zero plans should be developed.

‒ Aviation (8% of 2019 emissions). A policy framework is needed to achieve net-zero
emissions by 2050, including demand-side measures, efficiency and low-carbon fuels, 
with residual emissions offset by verifiable removals. The UK's airport capacity strategy 
should be reviewed in light of the net-zero target. Action is also needed on non-CO₂ 
warming effects from aviation. 

‒ Shipping (3% of 2019 emissions) must build on the Clean Maritime Plan to develop 
incentives for zero-carbon ammonia & hydrogen supply chains. 

• Smaller sources of emissions must also be tackled and plans developed for engineered
emissions removals.

‒ Waste (4% of 2019 emissions). Policy needs to accelerate the move to a circular
economy, with more ambition on waste reduction, re-use and recycling during the 2020s, 
particularly in England and Northern Ireland. Regulation should be announced this year 
to ban landfilling of biodegradable waste from 2025 across all UK nations. Emissions from 
waste incineration will also need to be addressed. 

‒ F-gases (3% of 2019 emissions). The UK has introduced legislation to maintain a 
phased reduction in the use of hydrofluorocarbons (HFCs) to 2030, as previously 
mandated by the EU. The UK Government should review F-gas regulations this year (in 
parallel with the European Commission review), and develop new policies to cover 
medical use and emissions of F-gases not covered by existing legislation. 

‒ Greenhouse gas removals (0% in 2019). The Government should consult on a 
mechanism and governance principles to bring greenhouse gas removal technologies to 
market in the second half of the 2020s.  
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For many of these areas the Government has already announced publications that target the 
relevant policy areas. The content and ambition of these plans will determine whether the UK 
can be credibly on track to Net Zero by June 2021, when the Committee will review progress 
again, four months before COP26. Decisions in the spending review, and government leadership 
more broadly (e.g. through procurement and estate management), must support development 
of effective plans. We set out more details on the policy changes that are required in chapter 6. 

The Committee will also publish in mid-2021 our latest assessment of progress preparing for the 
impacts of climate change, and the evidence report for the next UK Climate Change Risk 
Assessment (CCRA3). Given the importance of adaptation within the UN process (e.g. the need 
to cover it in the UK's Nationally Determined Contribution) a strong and immediate effort is 
needed prior to these publications to strengthen the UK's preparedness ahead of COP26. 

Next steps 
This summary is followed by a set of tables detailing climate policy priorities (covering both Net 
Zero and adaptation) for each UK Government department. These are not exhaustive or 
intended to be prescriptive where different means could achieve the same ends. Nor should 
they be taken as implying that policy can be developed in silos – it must be coherent and reflect 
interacting risks and opportunities. Rather, they are intended to give a clear list for Ministers and 
officials to guide their planning, and for the Cabinet Committee to hold departments to account. 
We will review progress against these recommendations in June 2021. 

In the next 12 months we will also provide progress reports to the Welsh and Scottish 
Governments, and continue to support the Northern Ireland Executive as they develop new 
climate change targets. Success across the UK will require that reserved and devolved policy 
(and local/regional policy) is joined up and working together. 

It falls to the UK Government in this Parliament to take the major decisions that will guide 
further progress towards Net Zero and improved climate change resilience. We began this 
Parliamentary term with an acute public health crisis, and delay to COP26; the UK now has the 
opportunity to lead a decisive response to the chronic crisis of climate change itself. 

The rest of this report is set out in six chapters: 

1. A review of the climate challenge after COVID-19 – An introduction setting out the new
context for climate policy in the UK. 

2. Progress since 2008 – A look back at progress reducing emissions globally and in the UK
since 2008, including territorial and consumption accounting. 

3. Lessons learned since 2008 – A look back at themes since the Climate Change Act was
passed and how they can inform future policy. 

4. Progress on emissions, indicators and policy in the last year – A deep dive into
developments of the last 12 months. 

5. Planning a resilient recovery – The continued need for Net Zero and the role it should play
in the economic recovery following the COVID-19 crisis. 

6. What is needed now – UK climate policy. The climate policy priorities that need to be
tackled across Government and beyond, especially in the coming year. 
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Recommendations by department7 

Table 1. Recommendations for the Cabinet Office and N.10 

Recommendation Timing 

Continue to embed Net Zero as a core Government goal and strengthen 
focus on climate adaptation. 

• Led through the Cabinet Committee on Climate Change, which should
meet monthly and report transparently on progress, including adaptation.

• Ensure departments and delivery bodies are sufficiently resourced and are
taking action as set out in this report.

Ensure the COVID-19 recovery plans accelerate the transition to Net Zero and 
strengthens the UK's resilience to climate risks. 

Now and ongoing 

Set the Sixth Carbon Budget (covering 2033-2037) in line with the 
Committee's advice, due in December 2020. 

H1 2021 

Develop and implement plans towards making all public buildings and 
vehicle fleets zero-carbon in the long term. Government must set the 
standard on buildings decarbonisation by accelerating plans to halve direct 
emissions in the public estate by 2032 at the latest. 

Now and ongoing 

Cabinet Office should lead a strong cross-government response to the most 
urgent national risks set out in the third Climate Change Risk Assessment. 

H1 2021 

Review guidance documents used in policy and business case 
development (e.g. the Green Book) and ensure these are consistent with the 
requirements of Net Zero and account for the impacts of climate change. 

H1 2021 

Continues on the following page 

7 These tables are not exhaustive or intended to be prescriptive where different ends could achieve the same 
means. Nor should they be taken as implying that policy can be developed in silos - it must be coherent and reflect 
interacting risks and opportunities. They are intended to give a simple list for Ministers and officials to guide their 
planning, and for the Cabinet Committee to hold departments to account. We will review progress against these 
recommendations in June 2021.  
H1 = first half; Q1 = first quarter. Timings refer to when the Committee expect actions to have occurred by. 
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Table 1. Recommendations for the Cabinet Office and N.10 

Recommendation Timing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 2. Recommendations for the Foreign and Commonwealth Office, the Department for Business, 
Energy & Industrial Strategy, the Department for International Development & the COP26 Unit 

Recommendation Timing 

Demonstrate UK climate leadership at COP26 and the G7, including: 

• Submit a UK Nationally Determined Contribution (NDC) on the basis of the 
pathway to reach Net Zero by 2050 that the Committee will advise on in 
December 2020. Deliver an exemplar NDC, reflecting the expectations of 
the Paris Agreement, including commitments on adaptation and climate 
finance (on which the Government recently committed to double spend). 
Choose timing to maximise diplomatic impact.

• Update the UK's long-term low greenhouse gas emission development
strategy with the UNFCCC to reflect a formulated economy-wide plan
needed to achieve Net Zero by 2050.

• Support and champion increases in domestic UK action on mitigation and
adaptation consistent with reaching net-zero emissions and
demonstrating that all departments are planning for a minimum 2°C rise
in global temperature with consideration of 4°C.

• Work through UNFCCC and other international fora (e.g. ICAO) to support
the development of high integrity international carbon markets and
strengthened governance for bioenergy and removals, through rule-
setting, capacity-building and early market development.

• Help support the adoption of raised ambition and Net Zero targets
internationally in the year before COP26 to maximise the international
impact of the UK Net Zero target. This will help countries onto sustainable
development paths, focusing on areas of comparative UK strengths.

• Actively utilise the opportunities of the UK's international leadership
platforms ahead of COP26 to convene efforts to align global COVID-19
recovery plans with the goals of the Paris Agreement.

• FCO: Develop a plan to address the scale of climate risk that the UK faces
from climate change overseas, with support from Defra, DIT, DFID and the
Home Office.

To November 2021 
and beyond 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 

Notes: These recommendations will apply to the Foreign, Commonwealth and Development Office following the merger of 
DFID and FCO.
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Table 3. Recommendations for HM Treasury 

Recommendation Timing 

Ensure the COVID-19 recovery plans accelerate the transition to Net Zero and 
strengthen the UK's resilience to climate risks. 

2020 

Complete the Net Zero Review, which should: 

• Develop a plan for funding decarbonisation fairly and review the
distribution of costs for businesses, households and the Exchequer.

• Consider near-term as well as long-term decarbonisation funding needs
and policy implications for a just transition.

By Q1 2021 

The spending review(s) should ensure departments are fully equipped to 
deliver the necessary actions across climate change mitigation and 
adaptation, during the rest of this Parliament and beyond. 

2020 

Ensure the forthcoming National Infrastructure Strategy is fully consistent 
with the UK's Net Zero and climate adaptation objectives, in particular on 
buildings energy efficiency, where funding is likely to be needed beyond 
manifesto commitments. 

2020 

Work with BEIS on the Buildings and Heat Strategy, and a strategy for net-
zero manufacturing to ensure that relative prices favour a shift to low-carbon 
technologies that sufficient funding is available and to consider the role of tax 
incentives (e.g. Stamp Duty differentials). Work with MHCLG and the new 
buildings safety regulator to ensure that local authorities are properly funded 
to enforce buildings standards. 

2020 

Reform Vehicle Excise Duty to provide stronger incentives to purchase zero 
emission vehicles and halt the shift towards larger, higher emitting cars. 

H1 2021 

Review guidance documents used in policy development (e.g. the Green 
Book) and ensure these are consistent with the requirements of Net Zero and 
account for the impacts of climate change. 

H1 2021 

Climate adaptation: 

• Reinstate funding for an adaptation support service for businesses and
public sector bodies including local authorities.

• Develop a plan for funding climate resilience across infrastructure, society
and the economy, equivalent to the work currently being undertaken on
Net Zero.

H1 2021 

Continues on the following page 
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Table 3. Recommendations for HM Treasury 

Recommendation Timing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 4. Recommendations for the Department of Business, Energy & Industrial Strategy 

Recommendation Timing 

Ensure the COVID-19 recovery plans accelerate the transition to Net Zero and 
strengthen the UK's resilience to climate risks. 

2020 

Deliver a renewed Clean Growth Strategy that is consistent with Net Zero 
and the Committee's December 2020 recommendations on the Sixth Carbon 
Budget. Where policies remain under development, there should be clear 
statements on their plans and ambition. 

H1 2021 

Review the planned UK Emissions Trading System following the 
Committee's December advice on the Sixth Carbon Budget and adjust it to 
align to the Net Zero pathway. 

H1 2021 

Buildings decarbonisation: produce an ambitious Buildings and Heat 
Strategy to eliminate emissions from buildings through a clear direction for 
the next 30 years backed by standards, funding to make low-carbon heat pay, 
enabling measures (i.e. skills and green passports) and actions to drive 
immediate progress. The CCC will advise further on heat policy later this 
summer. 

(In partnership with HMT, MHCLG and DfES) 

2020 

Buildings targets and standards: Publish long-awaited policies to deliver 
Clean Growth Strategy ambitions on retrofit (minimum EPC band C by 2035), 
the 20% business efficiency target and the public sector targets. This must 
include a package for able-to-pay homeowners, a delivery mechanism for the 
social housing minimum standards and support for SMEs. 

2020 

Carbon Capture and Storage: 

• Choose the preferred funding model and mechanism for delivering CO₂
infrastructure by the end of this year, planning for plants to be operational
at multiple industrial clusters by the mid-2020s.

• Support business models for CCS designed for use in industry, electricity
and hydrogen production and GHG removals.

2020 

Now and ongoing 

Continues on the following page 
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Table 4. Recommendations for the Department of Business, Energy & Industrial Strategy 

Recommendation Timing 

Manufacturing and construction: 

• Publish manufacturing and construction decarbonisation strategy.

• Decide on preferred mechanism for supporting industrial CO₂ capture and
set out plans for awarding support.

• Consult on mechanisms to enable early deployment of industrial fuel
switching.

• Agree an ambitious and tight set of Climate Change Agreements with
industry to help deliver industrial energy efficiency improvements and set
out which policies will deliver the additional 12 TWh of industrial energy
efficiency potential identified by the Government.

• Set out a clear plan to develop near-zero emission non-road mobile
machinery (NRMM) for applications where these are not yet available and
increase deployment for NRMM applications where options are already
available.

Q1 2021 

2020 

Q1 2021 

Q1 2021 

H1 2021 

Fossil fuel supply: 

• Set out policies to significantly reduce the emissions intensity of fossil fuel
production.

• Ofgem to set ambitious requirements for reductions in leakage of
methane from the gas grid.

2020 

2020 

Continues on the following page 
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Table 4. Recommendations for the Department of Business, Energy & Industrial Strategy 

Recommendation Timing 

Electricity generation, transmission and distribution: 

• Deliver plans to decarbonise the power system to reach an emissions
intensity of 50 gCO₂/kWh by 2030, with at least 40 GW of offshore wind
and a role for onshore wind and large-scale solar power, with a clear
timetable of regular auctions.

• Continue to improve system flexibility through the implementation of all
actions in the Smart Systems and Flexibility Plan, including working with
DCMS on cyber security. Develop mechanisms that encourage users of
electric heat and electric vehicles to be flexible and ensure that costs of
network upgrades are shared among those who benefit from them and
negative impacts on existing consumers are avoided.

• Develop a strategy to coordinate interconnectors and offshore networks
for wind farms and their connections to the onshore network and bring
forward any legislation necessary to enable coordination

• Consult on the future of the electricity market design as renewables make
up an increasing share of generation, including consideration of
technology neutrality, subsidy-free renewables, mechanisms for
repowering, the need to ensure sufficient energy supply resilience at both
national and regional levels, and the role of GHG removal technologies
(see GGR below).

• Move Advanced Conversion Technologies (ACT), Dedicated Biomass with
CHP and large-scale Anaerobic Digestion to CfD Pot 1 for established
technologies, and restrict ACT to CHP applications only.

Now and ongoing 

Now and ongoing 

2021 

2021 

2020 

Hydrogen: 

• Develop a strategy for low-carbon hydrogen use (across power, industry,
transport and buildings), production and infrastructure, aiming for large-
scale hydrogen trials to begin in the early 2020s.

H1 2021 

Bioenergy: 

• Refresh the UK's Bioenergy Strategy in line with recommendations on
governance, monitoring and best-use from the Committee's 2018
biomass report and 2020 Land Use report. To include: consideration of the
best-uses of biomass and waste resources to 2050 including wood in
construction and the wider bio-economy; the role of CCS and
requirements for CCS-readiness, with clear dates for when CCS will need
to be integrated across biomass & waste facilities; UK and international
governance over biomass feedstocks; support schemes, including for CO₂
removal and sequestration; aviation biofuels and UK production of
biomass feedstocks.

H1 2021 

Continues on the following page 
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Table 4. Recommendations for the Department of Business, Energy & Industrial Strategy 

Recommendation Timing 

Greenhouse gas removals: 

• Launch a consultation on the Government's preferred strategy and long-
term requirement for GHG removals, including a proposed market design
& set of governance principles.

H1 2021 

Finance: 

• Continue to use the Task force on Climate-related Financial Disclosure
(TCFD) framework to better report transition and physical climate risks
and shift investments away from high-carbon infrastructure. This should
include clear deadlines for ensuring listed companies and large asset
owners report on climate-related risks and opportunities, as
recommended by the Green Finance Taskforce and Environmental Audit
Committee.

• Ensure the duties of economic regulators take into account the Net Zero
transition, as well as the physical risks of climate change.

By 2022 

Now and ongoing 

Research and innovation: 

• Drawing on the Energy Innovation Needs Assessments ensure innovation
funding (e.g. through UKRI, Catapults, the Industrial Strategy Challenge
Funding and BEIS Innovation Programme) drives forward an extensive
research and innovation package for delivering a net-zero, climate-
resilient future.

Now and ongoing 

Skills: 

• Working with DWP, DfE and the Home Office, develop a strategy for a Net-
Zero workforce that ensures a ‘just transition’ for workers transitioning
from high-carbon to low-carbon and climate resilient jobs, integrates
relevant skills into the UK's education framework and actively monitors
the risks and opportunities arising from the transition. This strategy
should include the development and roll-out of plans for training and
skills, with buildings and manufacturing being priority areas.

2021 

Climate adaptation: 

• Ensure the implementation of the Industrial Strategy, and the National
Infrastructure Strategy, account for the risks of extreme weather now and
in the future.

H1 2021 

Continues on the following page 
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Table 4. Recommendations for the Department of Business, Energy & Industrial Strategy 

Recommendation Timing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 5. Recommendations for the Department for Environment, Food and Rural Affairs 

Recommendation Timing 

Introduce an ambitious new policy framework to drive transformational 
change in agriculture and land-use, including:  

• A strong regulatory baseline that includes low-cost, low-regret options,
including standards for emission reduction through the use of existing
(e.g. Nitrates Directive) and new legislation (Clean Air Strategy) and
banning extraction of peat and rotational burning.

• Establish a comprehensive delivery mechanism to deliver land-scape scale
changes, including an increase in afforestation rates (to at least 30,000 ha
per year across UK) and peatland restoration that addresses carbon,
adaptation and other co-benefits (e.g. flooding, biodiversity, air and water
quality). This should include mechanisms for private and public financing,
which should also deliver agricultural measures above the baseline and
other land-based solutions (e.g. innovative farming options, agro-forestry,
production of biomass feedstocks, and hedgerow creation).

• Addressing non-financial barriers such as knowledge exchange of low-
carbon farming practices, issues for tenant farmers, support upskilling and
scale-up of supply chains.

• Policies to encourage consumers to shift to healthier diets and reduce
food waste, including public sector leadership and development of an
evidence-based strategy on diets; and target setting in the public and
private sector to reduce food waste.

2021 

Resources and Waste: 

• Legislate (in England via the Environment Bill) for and implement a ban on
landfilling of municipal & non-municipal biodegradable wastes from 2025.

• Set a target for a 70% recycling rate by 2030 in England within the
Environment Bill, and announce new policies to meet this target.

• Accelerate investment plans for local authorities to be able to put in place
universal municipal waste recycling collections, rolled out across England
during 2022-24, along with the required recycling, composting and AD
facilities.

• Mandatory business food waste reporting, building on WRAP's existing
voluntary scheme. Develop further policies to accelerate the Resource and
Waste Strategy for England, focusing on encouraging efficiency in
manufacturing and construction and reducing consumer demand for
products.

• Examine the impact of waste targets on the utilisation of (and need for
further) energy from waste plants, and issue a set of guidance notes to
help align local authority waste contracts and planning policy to these
targets.

2020 

2020-21 

2021 

2021 

2021 

Continues on the following page 
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Table 5. Recommendations for the Department for Environment, Food and Rural Affairs 

Recommendation Timing 

Consumption emissions: 

• Continue to monitor consumption emissions. These are important to
ensure that action to decarbonise UK-based activities does not result in
emissions moving offshore and to track progress in decarbonisation of
imports to the UK, which in turn can inform future policy (e.g. border
carbon adjustments).

Now and ongoing 

Climate adaptation: 

• Ensure that adaptation measures are rewarded under the ELM scheme
and are integrated properly into the 25YEP, Fisheries Bill and Environment
Bill.

• Improve 25-YEP restoration targets for terrestrial and freshwater habitats
to include all priority sites.

• Enable water companies to implement compulsory metering beyond
water stressed areas by amending regulations and requiring all
companies to consider systematic roll-out of smart water meters.

• Increase ambition through setting targets for reducing water demand in
households and businesses, and reducing leakage (in addition to
increasing supply).

• Introduce compulsory water efficiency labelling of household water
products.

• Commence Schedule 3 of the Flood and Water Management Act (2010) in
England.

• Publish an updated national, long-term, outcomes-based adaptation
strategy to address the increasing flood risk identified in CCRA2.

• Set near-term milestones for the withdrawal of Flood Re.

• Accelerate uptake of property-level flood protection needed to meet
Long-term Investment Strategy/ Flood Re targets.

H1 2021 

Continues on the following page 
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Table 5. Recommendations for the Department for Environment, Food and Rural Affairs 

Recommendation Timing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 6. Recommendations for the Department of Transport 

Recommendation Timing 

Active travel and public transport: 

• Invest in walking and cycling infrastructure and strengthen other schemes
to support active travel modes. Invest in public transport and other
measures to reduce car travel demand (e.g. car sharing and mobility as a
service). Improve infrastructure connectivity to lock-in positive behaviours
that reduce travel demand (e.g. home-working).

2020 

Cars and vans: 

• Confirm bringing forward the ban on new petrol/diesel and plug-in hybrid
car/van sales to 2032 at the latest. Apply the same rules to motorcycles.

• Back up the end date by introducing a Zero Emission Vehicle Mandate
requiring increasing shares of sales to be zero-carbon, reaching 100% by
2032 at the latest. Continue to support EV infrastructure to ensure it is not
a barrier to high uptake levels including for those without individual off-
street parking, and implement recommendations from the EV Energy
Taskforce and the Faraday Institute.

• Set more ambitious UK regulations on new car/van CO₂ to 2030, with
more regular intervals than the EU's five years, backed by a rigorous real-
world testing regime.

2020 

2020-21 

2020-21 

Heavy Goods Vehicles: 

• Set out and implement a strategy to transition to zero-carbon freight,
including stronger purchase incentives, infrastructure plans and clean air
zones. Evaluate schemes to reduce HGV and van use in urban areas (e.g. e-
cargo bikes and use of urban consolidation centres), to reduce traffic and
improve the safety of active travel.

• Trial zero emission HGVs to establish which is the most suitable and cost-
effective technology for the UK. Evaluate existing and increase support for
HGV logistics improvement schemes. Strengthen incentives to buy more
efficient and zero-carbon HGVs. Include HGV recharging in Project Rapid
plans.

2021 

2020-21 

Rail: 

• Support Network Rail in developing plans to deliver the target to remove
all diesel trains by 2040.

2020-21 

Continues on the following page 
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Table 6. Recommendations for the Department of Transport 

Recommendation Timing 

Aviation and Shipping: 

• Formally include International Aviation and Shipping emissions within UK
climate targets when setting the Sixth Carbon Budget.

• Work with ICAO to set a long-term goal for aviation consistent with the
Paris Agreement, and to strengthen the CORSIA scheme.

• Continue working with the IMO on global shipping policies, and updating
their 2050 target.

• Commit to a Net Zero goal for UK aviation as part of the forthcoming
aviation consultation and strategy, with UK international aviation reaching
net-zero emissions by 2050 at the latest, and domestic aviation potentially
earlier. Plan for residual emissions, after efficiency, low-carbon fuels and
demand-side measures, to be offset by verifiable greenhouse gas
removals.

• Build on the Clean Maritime Plan to develop incentives for zero-carbon
ammonia and hydrogen supply chains for UK shipping.

• Monitor non-CO₂ impacts of aviation and shipping and consider how best
to tackle them alongside UK climate targets.

• Review the UK's airport capacity strategy in light of COVID-19 and Net
Zero, including a household & business survey of long-term travel
expectations.

H1 2021 

2020-22 

2020-22 

2020-21 

2020-21 

2021 

2021 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 7. Recommendations for the Ministry of Housing, Communities & Local Government 

Recommendation Timing 

Buildings standards: Implement a strong set of standards that ensure 
buildings are designed for a changing climate and deliver high levels of 
energy efficiency and low-carbon heat for new and existing buildings. 
Including:  

• Commit to a robust definition of the Future Homes Standard which is
legislated well ahead of 2025 and ensures no fossil fuels are burnt in new
homes.

• Work with BEIS on the Buildings and Heat Strategy and use standards to
set a clear direction for retrofit across the buildings stock.

• Introduce a new standard or regulation to ensure that overheating risk (in
both the current and future climate) is assessed at the design stage of
new-build homes or renovations. This should ensure that passive cooling
measures are prioritised over active cooling.

• Ensure that the remit of the new buildings safety regulator covers climate
change mitigation and adaptation, and is equipped to monitor and
enforce compliance with buildings standards. Work with HM Treasury to
ensure that local authorities are properly funded to enforce buildings
standards.

• Close loopholes allowing homes to be built which do not meet the
current minimum standards for new dwellings. Make accurate
performance testing and reporting widespread, committing developers to
the standards they advertise.

2020 

2020 

H1 2021 

H1 2021 

2020 

Embodied carbon in buildings: 

• Develop plans to rapidly scale up the levels of wood used in construction
and support the assessment and benchmarking of whole-life carbon in
buildings.

2020 

Local Government: 

• Support local government to play a full role in the Net Zero transition,
including resourcing, guidance, involvement in local area energy plans,
statutory reporting on the emissions from their estate and reforming the
planning framework to enable delivery of low-carbon and climate resilient
measures.

Now and ongoing 

Continues on the following page 
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Table 7. Recommendations for the Ministry of Housing, Communities & Local Government 

Recommendation Timing 

Climate adaptation: 

• Set a national target for increasing the area of urban greenspace, and
integrate within Defra's 25 YEP metrics.

• Clarify how national planning policy will manage the risks and impacts of
flooding and coastal erosion.

• Review new build regulation standards to allow local authorities to set
more ambitious standards for water consumption, especially in current
and future water-stressed areas.

• Resource and support local authorities to ensure measures are being put
in place to increase the area of greenspace and the area of permeable
surfacing in all urban areas.

• Put in place a statutory consultee for assessing new development in areas
of surface water flood risk.

• The current ad hoc process of issuing flood recovery grants (MHCLG) and
Property-level flood resilience (Defra) schemes should, instead, be
triggered by an objective measure.

H1 2021 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 

839  



Executive Summary 41 

Table 8. Recommendations for the Department of Education 

Recommendation Timing 

Skills: 

• Working with DWP, BEIS and the Home Office, develop a strategy for a
Net-Zero workforce that ensures a ‘just transition’ for workers
transitioning from high-carbon to low-carbon and climate resilient jobs,
integrates relevant skills into the UK's education framework and actively
monitors the risks and opportunities arising from the transition. This
strategy should include the development and roll-out of plans for training
and skills, with buildings and manufacturing being priority areas.

2021 

Monitor and measure improvements in reducing emissions in schools and 
public buildings (and associated travel), aiming for zero-carbon buildings 
wherever possible, and ensure they are resilient to the future impacts of 
climate change. 

Now and ongoing 

Consider the wider role of the education system in supporting the transition 
to a net-zero economy and preparing for the risks of climate change – 
including the need for greater public awareness and understanding, and the 
need for technical skills in the workforce. 

Now and ongoing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 9. Recommendations for the Department of International Trade 

Recommendation Timing 

Ensure UK trade policy and future trade deals protect against risks of carbon 
leakage leading to increases in the UK consumption emissions footprint, 
particularly from trade in agricultural and industrial products, and avoids 
undermining the required changes to reach Net Zero in the UK. 

Now and ongoing 

Ensure that future UK trade deals consider the effect of changes to trade on 
the UK's consumption emissions. 

Now and ongoing 

Maximise the opportunities to use trade policy to encourage increased 
ambition on both climate change mitigation and adaptation in other 
countries, including considering the role for border carbon adjustments. 

Now and ongoing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 10. Recommendations for the Department of Health and Social Care 

Recommendation Timing 

A fully funded plan is needed to address the risks of overheating in 
hospitals, care homes and care facilities, including consideration of home-
based care. 

2021 

Take actions to improve the carbon efficiency of the NHS by supporting the 
NHS's forthcoming Net Zero plan, including non-CO₂ emissions (e.g. F-gases). 
For example through remote consultations and other actions that can support 
reduced emissions from users of the health service. 

Now and ongoing 

Take an active role in climate policy development that also has health 
benefits, such as active travel, access to green space, air quality, better 
buildings and healthier diets. 

Now and ongoing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 11. Recommendations for Ministry of Defence 

Recommendation Timing 

Implement plans for a Net Zero consistent, climate resilient estate. 

• Develop and implement plans to make all MoD buildings and vehicle
fleets zero-carbon in the long term. Contribute to halving direct emissions
in the public estate by 2032 at the latest.

• MoD could also share learning related to its Estates Risk Assessment
process with other government departments.

Now and ongoing 

Now and ongoing 

Assess the potential for alternative fuels (such as low-carbon electricity, 
hydrogen or bioenergy) to be used for land vehicles, ships and aircraft, and 
consider opportunities to support wider use of low-carbon technologies in 
civil applications (e.g. through research or demonstration). 

Now and ongoing 

Provide assurance to the Committee that planning is taking place for 
domestic and overseas climate-related risks to operations (including risks 
to personnel and effective operation of equipment) . These plans should 
include climate-related risks linked to global conflict, mass migration and 
global governance set out in the UK Climate Change Risk Assessment. 

H1 2021 

Ensure the department's strategy addresses the potential need for an 
increased role in climate-related disaster avoidance and relief in the UK 
and overseas. 

H1 2021 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 12. Recommendations for the Home Office and Ministry of Justice 

Recommendation Timing 

Provide assurance to the Committee that planning and action is being 
taken to address overheating and poor air quality in prisons and detention 
facilities, and demonstrate that any actions have led to a reduction in risk. 

H1 2021 

Develop and implement plans to make all HO/MoJ buildings and vehicle 
fleets zero-carbon in the long term. Contribute to halving direct emissions in 
the public estate by 2032 at the latest. 

Now and ongoing 

Skills. 

• Working with DWP, DfE and BEIS, develop a strategy for a Net-Zero
workforce that ensures a ‘just transition’ for workers transitioning from
high-carbon to low-carbon and climate resilient jobs, integrates relevant
skills into the UK's education framework and actively monitors the risks
and opportunities arising from the transition. This strategy should include
the development and roll-out of plans for training and skills, with
buildings and manufacturing being priority areas.

2021 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 13. Recommendations for the Department for Digital, Culture, Media & Sport 

Recommendation Timing 

Ensure plans for a digital transition and fibre rollout can complement 
changing work patterns and travel behaviours, leading to lower-carbon 
working. Co-ordinate with DfT to invest in digital infrastructure to lock-in 
positive behaviours that reduce travel demand (e.g. home-working). 

2020 

Ensure Ofcom's guidelines take into account best practice in 
communicating climate change. 

Now and ongoing 

Work with BEIS on ensuring plans for smart, flexible energy systems are 
resilient to threats from cyber security. 

Now and ongoing 

Ensure sport and culture strategies align to other departments’ plans for 
lower-carbon buildings, more active travel and improved public health. 

Now and ongoing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Table 14. Recommendations for the Department for Work and Pensions 

Recommendation Timing 

Skills. 

• Working with BEIS, DfE and the Home Office, develop a strategy for a Net-
Zero workforce that ensures a ‘just transition’ for workers transitioning
from high-carbon to low-carbon and climate resilient jobs, integrates
relevant skills into the UK's education framework and actively monitors
the risks and opportunities arising from the transition. This strategy
should include the development and roll-out of plans for training and
skills, with buildings and manufacturing being priority areas.

2021 

Develop and implement plans to make all DWP buildings and vehicle fleets 
zero-carbon in the long term. Contribute to halving direct emissions in the 
public estate by 2032 at the latest. 

Now and ongoing 

Priorities for all departments: 

• Integrate Net Zero into all policy making, and ensure procurement
strategies are consistent with the UK's climate objectives.

• Ahead of the CCC's next adaptation progress report in 2021, demonstrate
adaptation planning for a minimum 2°C and consideration of a 4°C global
temperature rise (by 2100 from pre-industrial levels).

• Follow best practice shown by leading businesses to monitor and verify
their paths to a net-zero and climate resilient future.

• Demonstrate actions that address all of the more urgent risks set out in
the second UK climate change risk assessment relevant to the
Department.

Now and ongoing 
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Introduction 
In June 2019 the Government increased the UK’s legislated target for Greenhouse Gas (GHG) 
emissions reductions from at least 80% to at least 100% by 2050 – an ambition for ‘Net Zero’ 
territorial emissions by the middle of the century.8 The UK is also committed to climate 
adaptation to address climate risks.  

It is not yet possible to foresee the full effect of the COVID-19 crisis, but it is clear that it will have 
substantial social, economic, and environmental impacts. It has also highlighted the kind of 
systemic risks that climate change places on society.  

Working towards net-zero and a climate resilient society remains the appropriate long-term 
goal. The broad set of changes required in the long term to deliver Net Zero is likely to be 
roughly as expected before the COVID-19 crisis. However, the pandemic fundamentally changes 
the context for tackling climate change, not least the need to integrate net-zero plans in the 
economic recovery. 

This report is written in that context. 

1. COVID-19 and the wider context for delivering Net Zero

2. The Net Zero Target

3. COP26

4. This report

1. COVID-19 and the wider context for delivering Net Zero

a) The impacts of COVID-19

The lockdown measures put in place as a response to the COVID-19 pandemic are likely to have 
different impacts across the short term, medium term and long term. Chapter 5 sets out our 
analysis of the impacts of the COVID-19 lockdown and what is needed for a resilient recovery. 

• Short-term. Dealing with the COVID-19 pandemic continues to be the priority. The
lockdown imposed in response to the pandemic has a number of short-term effects that are
likely to be largely temporary, but which may have impacts that persist in the longer term.

‒ One of the most visible impacts of the COVID-19 crisis is the fall in both domestic and
international travel, reducing emissions in the short-term, and improving local air quality 
in cities around the world. 

‒ The 26th Conference of the Parties (COP26), the UN climate summit that the UK was due 
to host in Glasgow in 2020, is now delayed to November 2021. 

8 The Scottish Governments set a Net Zero target for 2045 in line with the Committee's advice. The Welsh 
Government expressed its intention to a Net Zero target for 2050, but have committed to set a target of a 95% 
reduction by 2050, in line with the Committee's advice. We will advise on Welsh emissions targets later this year. The 
Northern Irish Government has written to the CCC requesting advice on an equitable contribution to the UK's 2050 
target.  
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‒ The crisis is already having an impact on workers, and will inevitably lead to increased 
unemployment. Investment has also slowed, including in low-carbon industries globally, 
though emerging evidence suggest low-carbon investments have performed better than 
high-carbon investments over this period.9 Given this, there is consensus around the 
need for economic stimulus, and a strong desire and potential opportunity to restart the 
economy and create jobs by building net-zero and climate resilient infrastructure. 
Furthermore, low oil prices and low interest rates are likely to persist for the immediate 
future, providing a potential opportunity for Government action to stimulate investment 
away from high-carbon industries. 

‒ The transition to net-zero and building resilience to climate change requires a clear set of 
investments. Accelerating these investments can be a key part of the macroeconomic 
response to COVID-19 at a time when demand across the economy will be supressed, 
with wider economic benefits.  

• Medium-term. Looking beyond the health impacts, COVID-19, and the restrictions to
manage its spread, have affected livelihoods and reduced economic output across the globe.
Lasting impacts will include many lost lives and livelihoods, economic impacts such as
increased public and private debt (e.g. business loans, mortgages) as well as social and
cultural impacts related to travel and working behaviours. International relations are also
shifting. The UK's medium-term response to the crisis will redraw the path of many aspects of
decarbonisation and climate resilience - especially if it emphasises climate-positive
behaviours, like remote working and active travel, which have emerged during the
lockdown.

• Long-term, the UK’s climate goals remain unchanged. The actions needed to deliver them
are largely as before, though if recent behaviour changes persist they could have a lasting
impact on UK emissions.

‒ The need to prepare for climate change and to transition to a net-zero economy remains
a scientific and economic imperative and provides a positive vision for society. 
Addressing these priorities, alongside the twin crisis of global biodiversity loss, can lead 
to multiple benefits through improving the condition of the natural environment and air 
quality, benefiting biodiversity and public health, as well as improving well-being, and 
reducing society’s exposure to external shocks. The systemic challenges and risks of 
climate change are increasingly understood and can be mitigated through strong 
preparations and strategic, flexible policies (see chapter 6).  

‒ Whether the longer-term impact of the changes materially affect the UK's Net Zero 
challenge is unclear, but is also dependent on the policy response. Recent changes, such 
as increased working-from-home and reduced business travel, could, if sustained, lead to 
some permanent reductions in transport emissions. However others, such as a reluctance 
to use of public transport in favour of cars, could have the opposite effect (chapter 5). 
Policy can help new social norms to form and put in place measures to encourage 
positive and avert negative changes.  

‒ The COVID crisis is a prescient reminder of how international collaboration can help 
address global risks, including climate change. Evidence suggests it is better and cheaper 
to respond to these risks in a co-ordinated way. At COP 26, the UK has an opportunity to 
renew the international effort on climate change (Section 1.3).  

9 HSBC (2020) ESG stocks did best in COVID-19 slump. 
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b) A new context

The new Net Zero target, legislated a year ago, requires a strategic shift in climate policy; the 
pandemic changes the context to implement it. The Committee’s forthcoming Sixth Carbon 
Budget advice, our publication of the next UK Climate Change Risk Assessment Evidence Report, 
the UK's role as host of the UN's COP26 summit and the 2021 meeting of the G7 countries 
provide clear milestones for the next steps in the UK's emissions reductions and climate 
adaptation efforts: 

• The UK's domestic emissions have fallen consistently since the Climate Change Act was
passed in 200810, and continue to fall, though progress towards future carbon budgets
remains off track (Figure 1.1). Chapter 2 evaluates emissions trends (including the impact of
the COVID-19 pandemic) and Chapter 3 looks at what lessons can be learnt from policy over
the last decade.

• Last year's Net Zero target sets a new legal objective for greenhouse Gas (GHG) emissions in
2050, but its ambition exceeds that of the UK's current legislated carbon budgets, which
have been set until 2032. The Committee will advise on the new path to the Net Zero target
in our advice on the Sixth Carbon Budget (2033-2037) in December.

• The UK will host the COP26 summit and the G7 in 2021, a clear opportunity to demonstrate
the UK's climate leadership on both climate change mitigation and adaptation, and to help
catalyse the necessary efforts to increase climate ambition around the world.

• The Government's early reaction to our Net Zero advice has been positive: the target was
swiftly legislated, Net Zero is increasingly part of central Government policy - including a
review by HMT of the costs of the transition - and policies across multiple key areas are under
active development (e.g. heat and buildings, CCS, electric vehicles and land use).
Additionally, the Net Zero objective has been embraced by business (Section 4.3.c), local
authorities (Box 6.1) and the wider public. Together, these are important signs that steps are
being taken to deliver the newly agreed target; however, significantly more remains to be
done. Chapter 6 outlines our policy priorities across both climate change mitigation and
adaptation.

• The UK's exit from the European Union will put the delivery of more environmental goals
directly in the UK's hands. This, and the response to the pandemic, will determine how swiftly
the UK progresses towards its Net Zero objectives.

10 Emissions driven by UK demand for products and services, but produced outside the UK (included in so-called 
'consumption emissions' accounts) are also considered in chapter 2. 
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2. The Net Zero target

a) The target

In May 2019, in response to a request by the UK, Scottish and Welsh Governments, the 
Committee advised that the UK set a target for reducing emissions to 'Net Zero' by the middle of 
the century, going beyond the existing 2050 target for at least an 80% reduction (on emissions 
in 1990) required by the Climate Change Act (2008): 

• The Committee recommended that the UK should set and pursue an ambitious target to
reduce aggregated GHGs to 'Net Zero' by 2050 (i.e. increasing the UK's target to reduce net
greenhouse gas emissions for 2050 from at least 80% to at least 100%). Reflecting their
respective circumstances, the Committee advised that Scotland should set a Net Zero GHG
target for 2045 and Wales should target at least a 95% reduction by 2050 relative to 1990.

• The UK and Scottish targets have since been legislated; the Welsh Government have
committed to legislating a 95% target with an ambition to set a Net Zero target.11 The
Northern Irish Government has also requested the advice of the Committee on an equitable
contribution to the UK's target.

• The Net Zero target means the majority of activities - driving, manufacturing, heating,
electricity generation - emitting as close to zero emissions as possible by 2050, with any
remaining emissions requiring the equivalent amount of emissions to be removed from the
atmosphere (Figure 1.2).

• The path to achieving net-zero emissions by 2050 will require a steeper reduction in
emissions over the intervening three decades than is currently legislated in carbon budgets
(out to 2032).

‒ Current Government projections indicate a significant policy gap between expected
emissions and required reductions over this period (Figure 1.1). Projections in the 
Government's reference scenario see emissions in 2030 declining to 55% below 1990 
levels, and reducing by an average of 1% per year between 2020 and 2035.  

‒ The legislated Fifth Carbon Budget, which was set on the path to the UK's previous 80% 
target, requires emissions in 2030 to be 57% below 1990 levels. 

‒ To reach the UK's new Net Zero target emissions will need to fall, on average, by around 
14 MtCO₂e every year, equivalent to 3% of emissions in 2019.12 

As the existing carbon budgets were set on a cost-effective path to achieving an 80% reduction 
in UK greenhouse gas emissions by 2050, a more ambitious long-term target is likely to require 
outperformance of the carbon budgets legislated to date.  

It is not yet possible to definitively say what impact COVID-19 will have on the achievement of 
the legislated carbon budgets. Emissions will almost certainly fall again in 2020 as a result of the 
COVID-19 crisis (chapter 5), and this is likely to increase the margin by which the UK meets its 
Third Carbon Budget (2018-2022). Our recommendation remains that any surplus from the Third 
Carbon Budget should not be carried forward.  

11 We will offer further advice on this in December.  
12 Excluding emissions from IAS for comparison with BEIS’s Energy and Emissions Projections. Including IAS would 
mean required reductions are 15 MtCO₂e every year, equivalent to 4% of emissions in 2019. 
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The Committee will revise its assessment of the appropriate path for emissions over the period 
to 2050 as part of its advice this year on the Sixth Carbon Budget (covering 2033-2037). 

Figure 1.1. Emissions pathways to carbon budgets and the Net Zero target 

Source: CCC analysis based on BEIS (2019) Updated energy and emissions projections 2018, and BEIS (2020) 
Provisional UK greenhouse gas emissions national statistics 2019. 
Notes: 'CB' = Carbon Budget'. The Sixth Carbon Budget period covers 2033-2037. Greenhouse gas (GHG) 
emissions are shown on a total (‘actual’) basis, while carbon budgets are assessed against the ‘net carbon 
account’ (Box 2.3). Emissions from International Aviation and Shipping (IAS) are not included in this figure, but 
would either also need to reach zero emissions by 2050 or will have to be fully offset by verifiable removals. 
Government projections are for total gross UK GHG emissions, not for the 'net carbon account', against which the 
first five carbon budgets are measured. Outturn GHG emissions are based on the latest BEIS publication and 
therefore do not account for forthcoming revisions to peatland emissions or global warming potentials. 

b) The transition

Reaching net-zero emissions in the UK will require all energy to be delivered to consumers in 
zero-carbon forms (i.e. electricity, hydrogen, hot water in heat networks) and come from low-
carbon sources (i.e. renewables and nuclear, plus bioenergy and any fossil fuels being combined 
with CCS). The transition will also involve choices around how people travel, what people eat 
and the best use of the UK's land. Although it is impossible to predict the exact mix of 
technologies and behaviours that will best meet the challenge of reaching net-zero GHG 
emissions, our 2019 Net Zero report presented a vision of this transition for the UK, in our Further 
Ambition scenario.13  

13 The actions in our Further Ambition scenario achieved a 96% reduction in UK GHG emissions by 2050, based on 
1990 levels. We identified a range of possible options to reduce the last 4% of emissions, but did not specify 
precisely how this would be achieved. Our Sixth Carbon Budget scenarios will set out detailed pathways to reducing 
emissions by 100% by 2050.  
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This included: 

• Resource and energy efficiency that reduce demand for energy across the economy.
Without these measures, the required amounts of low-carbon power, hydrogen and carbon
capture and storage (CCS) would be much higher. In many, though not all, cases they reduce
overall costs.

• Some societal choices that lead to a lower demand for carbon-intensive activities, for
example an acceleration in the shift towards healthier diets with reduced consumption of
beef, lamb and dairy products, and an increase in journeys being made by walking and
cycling. Societal changes occurring as a result of the COVID-19 pandemic, such as reduced
travel and electricity consumption, could, if permanent, reduce demand in these sectors,
potentially to a greater extent than that included in our Further Ambition scenario. We are
considering the implications of this as part of our work on the Sixth Carbon Budget advice.

• Extensive electrification, particularly of transport and heating, supported by a major
expansion of renewable and other low-carbon power generation. The scenarios involve
around a doubling of today's annual electricity demand, with all power produced from low-
carbon sources (compared to around 55% today).

‒ A transition to electric vehicles. The 37m cars and vans and 500,000 HGVs on the UK's roads
today will need to switch to low-carbon electricity, or, for HGVs, potentially hydrogen.

‒ A switch to low-carbon heating. From 2025, all new build homes will need to be built with
low-carbon heating. The UK's 29m existing residential dwellings, and all commercial and 
public buildings, will need to switch away from fossil fuelled boilers towards low-carbon 
heating sources.  

• Development of a hydrogen economy to service demands for some industrial processes,
for energy-dense applications in long-distance HGVs and ships, and for electricity and
heating in peak periods. By 2050, a new low-carbon industry is needed, with UK hydrogen
production capacity of comparable size to the UK's current fleet of gas-fired power stations.

• Carbon capture and storage (CCS) in industry, used with bioenergy (for GHG removal from
the atmosphere), and very likely for hydrogen and electricity production. CCS is a necessity,
not an option. The scenarios involve aggregate annual capture and storage of 75-175 MtCO₂
in 2050, which would require a major CO₂ transport and storage infrastructure servicing at
least five clusters, and with some CO₂ transported by ships or heavy goods vehicles.

• Changes in the way we farm and use our land to put much more emphasis on carbon
sequestration and biomass production alongside improving the condition of natural assets
to enhance resilience and halt biodiversity loss. Enabled by healthier diets and reductions in
food waste, our scenarios involve a fifth of UK agricultural land shifting to tree planting,
energy crops and peatland restoration.

• Emissions removed from the atmosphere by trees, soils or engineered carbon removal to
offset residual emissions in sectors where low-carbon alternatives are limited (predominantly
aviation and agriculture - Figure 1.2).
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Figure 1.2. Net Zero means close to zero emissions for most sectors, with any residual emissions 
requiring the equivalent amount of emissions removals 

Source: CCC (2019) Net Zero: The UK's contribution to stopping global warming and BEIS (2020) Provisional UK 
greenhouse gas emissions national statistics 2019. 
Notes: Sectoral emissions and contributions from removals presented for the Further Ambition scenario. The 
contribution from 'additional removals/abatement' refers to the options to go beyond the Further Ambition 
scenario and achieve net-zero emissions, which can be achieved with additional removals and/or further 
reductions of positive emissions. Since our Net Zero advice, estimates for the Further Ambition scenario have 
been updated to take account of revised bioenergy soil carbon impacts. The current inventory captures less than 
1.5 MtCO₂e of peatland emissions in the UK, but all sources of peatland emissions will be included in the 
inventory by 2022 at the latest. Estimates of all peatland emissions for 2019 are included in this chart. 

In many areas the transition is already underway (e.g. electricity, transport, waste), though 
progress will need to be sustained. In others, decisions will need to be made in the 2020s to 
allow for a sustained rollout of low-carbon technologies and infrastructure to meet the 2050 
target (Figure 1.3). Table 1.1 provides an overview of the near-term milestones required to meet 
the UK's 2050 target.  

Our 2019 Net Zero report (and the Further Ambition scenario) presented a snapshot view of 
emissions in 2050. Our work this year on the Sixth Carbon Budget (2033-37) will explore multiple 
pathways to the UK's Net Zero target, including scenarios with higher levels of behaviour change 
and technological innovation. Next year, the Adaptation Committee's UK Climate Change Risk 
Assessment Evidence Report will highlight the climate risks to net-zero measures, such as water 
availability for CCS and hydrogen production, and synergies and trade-offs between net-zero 
and adaptation in the UK. 

-200

-100

0

100

200

300

400

500

2019

Residual emissions
(excl. aviation and

agriculture)

Aviation & Agriculture
(+ required offsets)

2050

M
tC

O
2e

Additional removals/abatement

Direct air capture of CO₂ & storage

Wood in construction

Bioenergy with CCS (BECCS)

Shipping

F-gases

Transport

Power/H₂ 

Buildings

Waste

Industry

Aviation

Land use and Agriculture

854  



56 Reducing UK emissions: Progress Report to Parliament   |   Committee on Climate Change 

Figure 1.3.  Actions to achieve Net Zero by 2050 

Source: CCC (2019) Progress Report to Parliament. 
Notes: CCS = carbon capture and storage. EV = electric vehicle. HGV = heavy goods vehicle. BECCS = bioenergy 
with CCS. 

Further CCS, widespread use of hydrogen, some electrification

Healthier diets, reduced food waste, tree growing and low-carbon farming practices

Operational measures, new plane efficiency, constrained demand growth, limited sustainable biofuels

Operational measures, new ship fuel efficiency, use of ammonia

Limit emissions from combustion of non-bio wastes, deploy measures to 
reduce emissions from waste water 

Move almost completely away from use of F-gases

Health benefits due to improved air quality, healthier diets and more walking & cycling.
Clean growth and industrial opportunities. Improved biodiversity. Improved resilience to climate change.

Expand electricity system, decarbonise mid-merit/peak generation (e.g. using 
hydrogen), deploy bioenergy with CCS (BECCS)

Widespread electrification, expand heat networks, gas grids potentially switch 
to hydrogen

Turn over fleets to zero-emission vehicles: cars & vans before HGVs

ELECTRICITY

BUILDINGS

ROAD TRANSPORT

INDUSTRY

LAND USE

AGRICULTURE

AVIATION

SHIPPING

WASTE

F-GASES

CO-BENEFITS

Efficiency, heat networks, heat 
pumps (new-build, off-gas, hybrids)

Ramp up EV market, decisions on 
HGVs

Establish industrial CCS and hydrogen 
clusters; improve energy & resource efficiency

Afforestation and peatland restoration

Reduce waste, increase recycling, 
landfill ban on biodegradable waste

2040s2020s 2030s

Largely decarbonise electricity: 
renewables, flexibility, coal phase-out

Healthier diets, reduced food waste, tree growing and low-carbon farming practices

Limit emissions from combustion of non-bio wastes, deploy measures to 
reduce emissions from waste water 

LAND USE

AGRICULTURE

WASTE

Afforestation and peatland restoration

Reduce waste, increase recycling, 
landfill ban on biodegradable waste

Widespread use of hydrogen in industry, use in back-up electricity generation, 
heavier vehicles (e.g. HGVs, trains) and (potentially) heating on coldest daysHYDROGEN Begin large-scale hydrogen 

production with CCS

Deployment of BECCS in various forms, demonstrate direct air capture of CO₂, 
other removals depending on progress

GREENHOUSE GAS 
REMOVALS

Develop options and policy 
framework

Hydrogen supply for industry & (potentially) buildings, roll-out of infrastructure 
for hydrogen/electric HGVs, more CCS infrastructure, electricity network 

expansion
INFRASTRUCTURE

Industrial CCS clusters, decisions on 
gas-grid & HGV infrastructure, 

expend vehicle charging & electricity 
grids

855  



Chapter 1: A review of the climate challenge after COVID-19 57 

Table 1.1. Medium-term milestones to be on track to Net Zero emissions by 2050 

Sector Action Timing 

Transport 

Development of infrastructure and policy to enable sales phase-out of petrol and 
diesel cars, vans and motorbikes by 2032. 

Early 
2020s 

Decisions about how to switch to zero-emissions (e.g. hydrogen or electric) HGVs will 
be required in the second half of the 2020s. This will necessitate trial deployments of 
hydrogen, battery electric, catenary and hybrid HGVs in a variety of fleets prior to this, 
in the UK or elsewhere. 

Second 
half of the 

2020s 

Industry 

CO₂ transport and storage infrastructure operational, and hydrogen available, at 
multiple industrial clusters.  

Mid-2020s 

Implement resource efficiency measures in line with the milestones from the 
Resources and Waste Strategy. 

Early 
2020s 

Demonstration of a range of industrial fuel-switching technologies including 
electrification and hydrogen. 

Early 
2020s 

Award first support for industrial fuel switching and CCS through an incentive 
mechanism designed to enable widespread industrial fuel switching and CCS. 

End 2021 

Enable delivery of substantial improvements in industrial energy efficiency in line with 
the upper end of ambition in the Industrial Decarbonisation and Energy Efficiency 
Roadmaps to 2050.  

2020s 

Buildings 

Strategic decisions on the future of the natural gas grid and the future balance 
between hydrogen and electrification for heating, taking into account the views of 
the public. Transition to sustainable heat networks market. Targeted deployment of 
heat pumps must scale up to be able to replace the majority of current gas boiler 
demand by the early 2030s (around ~1.5m installations a year). 

Mid-2020s 

Implement a clear trajectory of standards covering owner-occupied, social- and 
private-rented homes and non-residential buildings, announced well in advance. 
Alongside trajectories for energy efficiency, all new heating systems to be low-carbon 
from 2030 in off-gas properties and 2035 across the building stock. 

2020-
2035 

Review professional standards and skills across the building, heat and ventilation 
supply trades with a nationwide training programme to upskill the existing workforce. 

2020-
2022 

Reform monitoring metrics and certification to reflect real world performance, rather 
than modelled data (e.g. Standard Assessment Procedure (SAP)). Accurate 
performance testing and reporting must be made widespread, committing 
developers to the standards they advertise. 

2020-
2022 

Power 

Deliver plans to decarbonise the power system consistent with a level of ambition for 
an emissions intensity towards 50 gCO₂/kWh in 2030, including 40 GW of offshore 
wind. 

2030 

Develop clear plans to ensure adequate resilience of energy supplies as heat and 
transport become more electrified. 

2020 

Continue to improve system flexibility through the implementation of all actions in 
the Smart Systems and Flexibility plan. 

2022 
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Table 1.1. Medium-term milestones to be on track to Net Zero emissions by 2050 

Sector Action Timing 

Hydrogen 

Low-carbon hydrogen production at scale, for use initially in applications that would 
not require major infrastructure changes (e.g. applications in industry, power 
generation, injection into the gas network and depot-based transport). 

Second 
half of the 

2020s 

Trials and pilot projects to establish the practicality of switching to hydrogen across a 
range of sectors and applications.  

Early 
2020s 

It is also necessary to demonstrate that hydrogen production from CCS can be 
sufficiently low-carbon to play a significant role. 

Mid 2020s 

Agriculture 

To increase the take-up of low-carbon farming practices, develop a strong regulatory 
baseline that includes low-regret options, with further measures incentivised by the 
Environmental Land Management System, and a wider policy framework. 

Early 
2020s 

Innovation and investment in R&D and testing and piloting of options to deliver 
sustainable agricultural productivity improvements in crops and livestock; low-carbon 
technologies and options for low-carbon agricultural machinery e.g. tractors and 
robotics. 

Early 
2020s 

Land use, 
land-use 
change and 
forestry 

Ensure the post-CAP framework promotes transformational land-use change and 
measures for deep emissions reductions including afforestation of at least 30,000 
hectares per year and peat restoration. 

Early 
2020s 

Targeted investment in R&D and innovation to deliver productivity improvements in 
trees and energy crops. 

Early 
2020s 

Policies to encourage a shift to less carbon-intensive diets, starting with the public 
sector. 

Early 
2020s 

Aviation 

Demand management policies in place to ensure emissions remain aligned with a 
net-zero emissions pathway, if efficiency and low-carbon fuels under-deliver. 

Early 
2020s 

Low-carbon transport fuel support realigned to promote the transition from road to 
aviation fuels. 

Mid 2020s 

Shipping 
First clean maritime cluster operational, roll-out plan in place for future clusters and 
shipping fleet engine retrofits. 

2030 

Wastes 

Local authority plans implemented to go beyond 70% recycling rates. ~2030 

Long-term plan announced for diversion of all wastes from landfill, phasing out of 
waste exports, and plans for methane capture, oxidation and remediation at (legacy) 
landfill sites. 

Mid-2020s 

Waste conversion plants (including incineration, gasification & pyrolysis facilities) start 
retrofitting CCS, and new plants are built with CCS or 'CCS ready' in regions where the 
CO₂ network is soon to expand. 

From mid-
2020s 

onwards 

Greenhouse 
gas 
removals 

Initial deployment of engineered greenhouse gas removals (e.g. BECCS in power 
generation, hydrogen production, industry and/or aviation fuel production), driven by 
incentives and enabled by CO₂ infrastructure development. 

Second 
half of the 

2020s 

857  



Chapter 1: A review of the climate challenge after COVID-19 59 

3. COP26
The UK (alongside Italy) is set to host the 26th United Nations Framework Convention on Climate 
Change (UNFCCC) Conference of the Parties (COP 26) in Glasgow. Originally scheduled for 
November 2020, COP26 was envisaged as a key moment in efforts to raise global climate 
ambition with countries expected to resubmit their Nationally Determined Contributions (NDCs) 
for intended emissions reductions to 2030, and adaptation strategies, before the end of this 
year. When assessed prior to COVID-19 in 2019, the global emissions expected in 2030 based on 
current global ambition were not consistent with pathways expected to achieve the Paris 
Agreement's goal of limiting global warming to well-below 2°C above pre-industrial levels and 
pursuing efforts to keep it below 1.5°C, but instead with those reaching around 3°C above pre-
industrial levels by 2100.  

COP 26 has now been postponed by one year until November 2021 due to the ongoing COVID-
19 pandemic. The period between now and COP26 represents a crucial period for global climate 
efforts. The infrastructure constructed around the world over the next few years as part of 
government responses to COVID-related economic impacts will be critical to the chances of 
achieving the Paris Agreement long-term temperature goal. Aligning post-COVID investment 
programmes with the agreed global climate goals of the Paris Agreement will be a core 
objective for global climate policy over the next 18 months.  

As COP26 host and incoming G7 president, the UK can have an important role in shaping efforts 
to align responses with global climate objectives. There will be several important aspects to this: 

• To help coordinate and convene a climate-resilient global response to COVID-19 the UK will
need to demonstrate that climate change remains a key domestic and international priority
in its own COVID recovery plan.

• The UK has been widely recognised as a climate leader, due to its legally-binding Net Zero
target and compatible carbon budgets framework, alongside strong progress made in
reducing emissions to date. To maintain this status the UK needs to produce a
comprehensive and detailed economy-wide policy programme well in advance of COP26,
fully aligned with achieving Net Zero domestically by 2050. This should be informed by the
lessons that have been learned from UK climate policy over the last decade.

• The UK will be submitting its own NDC (for UK emissions reductions by 2030) to the UNFCCC,
as it will no longer be covered by the EU NDC. This represents a key opportunity to signal a
commitment to the ambitious near-term action required by a credible Net Zero transition
plan. This new UK NDC should be submitted well in advance of COP26 and be based on the
pathway required to reach the Sixth Carbon Budget and net-zero GHG emissions by 2050
that the Committee will advise on in December 2020. The UK NDC should also be broader
than just a focus on emissions reductions and include credible and significant commitments
to addressing the climate adaptation gaps highlighted by our Progress in preparing for
climate change – 2019 Progress Report to Parliament.

These actions can together help the UK to maximise the opportunity of its forthcoming G7 and 
COP presidencies in 2021 to support the higher levels of global ambition needed to achieve the 
long-term temperature goal of the Paris Agreement and create a climate-resilient world.  
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4. This report
Our 2020 Progress Report to Parliament comes six months before our advice on the level of the 
Sixth Carbon Budget (2033-2037). This progress report summarises lessons learnt from the last 
decade of climate action in the UK, and looks forward at the policy requirements for the next 
decade in light of the new Net Zero objective, and the COVID-19 pandemic. The intention is to 
draw out lessons from the past, for the future, and we will continue this approach in our 
forthcoming advice on the Sixth Carbon Budget in December.  

This report is a stocktake on the progress the UK has made to date in reducing emissions, both in 
the past year, and over the past decade, including both the drivers of emissions reductions 
(chapter 2) and lessons learnt from policy over this period (chapter 3). Though our reports (in 
line with the Climate Change Act and reporting requirements from the UN) focus on the UK's 
territorial emissions, this report takes a broader perspective and also includes trends in the UK's 
consumption emissions over the past decade, taking into account the emissions associated with 
goods and services imported into the UK. 

The recommendations in this report are informed by our ongoing analysis for the Sixth Carbon 
Budget, but do not attempt to pre-empt it. In particular, our December advice will set out more 
scenarios for meeting the 2050 Net Zero target and the potential pathways towards it, and will 
go into further detail on the specific actions and policies required.  

In responding to our Net Zero report, we acknowledge the Government has put a broad 
programme of policy into development, including announcements and consultations on low-
carbon transport, heat, hydrogen and CCS. Some of this policy development is now, 
understandably, delayed due to the Government response to COVID-19. However, until the full 
programme is published it is hard to assess as a comprehensive package. Even then, there will 
be risks around whether policies deliver sufficiently to meet future carbon budgets. A summary 
of policy developments over the past year is included in chapter 4, and expectations of what the 
Government's policy package should include are set out in chapter 6. The departmental tables 
following the Executive Summary set out our recommendations grouped by each UK 
Government Department.  

This report focuses on progress in reducing emissions, but also includes recommendations on 
climate change adaptation. Progress in adaptation in England remains off track for the majority 
of sectors. The Adaptation Committee will publish its next assessment of progress in 2021, but 
we have included a summary of the current status of progress on adaptation and our 
recommendations by department alongside those for mitigation in chapter 6. 

The rest of this report is set out in the following chapters: 

• Chapter 2: Progress since 2008

• Chapter 3: Lessons learned since 2008

• Chapter 4: Progress on emissions, policy and indicators in the last year

• Chapter 5: Planning a resilient recovery

• Chapter 6: What is needed now – UK climate policy
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Introduction 
In this chapter, we outline global progress towards tackling climate change and review the UK’s 
progress in the past decade in reducing emissions. We set out our analysis in the following four 
sections: 

1. Global progress towards tacking climate change

2. Progress in reducing UK territorial emissions

3. Progress in reducing UK consumption emissions

4. Progress reducing emissions in Scotland, Wales and Northern Ireland

1. Global progress towards tackling climate change

a) Global greenhouse gas emissions

Over the 2009-18 period the global population grew by 11% and the global economy by over 
42%.14 Over the same period, global greenhouse gas (GHG) emissions increased by 15%, with 
this growth almost entirely arising from developing regions.15 The growth of global emissions in 
this decade was slower than in the 1999-2008 decade preceding it (Figure 2.1).  

Figure 2.1. Global greenhouse gas emissions 1990-2018 

Source: PBL (2019) Trends in Global CO₂ and Total Greenhouse Gas emissions: 2019 report; Friedlingstein, P. et al. 
(2019) Global Carbon Budget 2019, Earth Syst. Sci. Data, 11, 1783–1838.  
Notes: Greenhouse gas emissions are aggregated using the GWP100 values from the IPCC Fourth Assessment 
Report.  

14 World Bank (2020) World Development Indicators.  
15 PBL (2019) Trends in Global CO₂ and Total Greenhouse Gas emissions: 2019 report. 
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Underpinning these changes: 

• Emissions in many, mostly developed, countries appear to have peaked. By 2010, around
36% of global GHG emissions were produced in countries where national emissions have
already peaked, including the UK.16 Over 2009 - 2018 GHG emissions stopped growing in
Bahrain, Ecuador, Japan, Jordan, Malta, North Macedonia, Tunisia, Venezuela and Yemen.17 If
emissions in these countries continue to decline, they will join the 49 countries that peaked
before 2010. New Zealand, South Africa and South Korea (around 2.7% of global GHG
emissions) are likely to be at or nearing a peak in their GHG emissions based on their latest
national inventories.

• The fraction of global energy-related CO₂ emissions arising from advanced economies
decreased from 41% in 2009 to 35% in 2018. China has the largest annual emissions in
absolute terms, and now has higher per capita GHG emissions than the EU , though it
remains significantly below the level of some other big emitters, such as the USA and Russia.

• Global GHG emissions remain dominated by emissions of CO₂ from fossil fuels. Electricity and
heat generation remain by far the largest producing sectors of global CO₂ emissions from
fossil fuels (~45% of the global total).18 However, road transportation has been the sector
with the largest increase in emissions over the decade.

• Global methane emissions have been rising steadily over the past decade, driven largely by
rising emissions from the oil and gas sector and from ruminant agriculture. Nitrous oxide
emissions have also been rising, primarily due to increased emissions from agricultural soils,
whilst F-gas emissions are rapidly approaching the same magnitude (on a CO₂-equivalent
basis) as global nitrous oxide emissions. CO₂ emissions from global land-use change do not
show a clear trend over the past decade.

Past trends in the global CO₂ emissions trajectory, expectations for the medium-term, and the 
short-term effects of the COVID-19 crisis indicate that global CO₂ emissions may have peaked: 

• In 2019 global energy-related CO₂ emissions did not increase above their levels in 2018, with
several years of very low growth seen over 2014-16.19

• National commitments for emissions in 2030 were already expected to be consistent with
global CO₂ emissions similar to today's levels.20 If the rates of global economic growth and
decreases in the emissions intensity of global GDP over the last decade were to continue
then global peak CO₂ emissions will be reached around the middle of the 2020s.21

• Early indications are that global emissions will fall in 2020, primarily due to the contraction of
global economic activity and energy use associated with measures to combat COVID-19 (Box
2.1). However, this does not provide a model for the multi-decadal declines needed to
achieve the long-term temperature goal of the Paris Agreement.

16 World Resources Institute (2017) Turning Points: Trends in countries’ reaching peak greenhouse gas emissions over 
time. 
17 Japan is the largest emitter in this group representing around 3% of global GHG emissions.  
18 Peters, G. (2019) Carbon dioxide emissions continue to grow amidst slowly emerging climate policies.  
19 Global CO₂ emissions grew more rapidly in 2017 and 2018 due to stronger GDP and energy demand growth in 
those years. 
20 Rogelj, J. et al. (2017) Understanding the origin of Paris Agreement emission uncertainties.  
21 Whether these trends will continue may be sensitive to the global responses to COVID-19 and the continuing 
declines in renewable electricity costs.  
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Continued emissions, even at a declining rate, continues to increase the global average 
temperature and will not reverse the changes in the climate system seen over recent 
decades (Box 2.2).  

Prior to COVID-19, estimates for the global emissions in 2030 were consistent with pathways 
reaching around 3°C of warming in 2100, with substantial additional ambition needed to close 
the gap to the Paris Agreement long-term temperature goal.22 Ultimately, whether global 
emissions have peaked or not, and whether they then decline rapidly, will depend on choices 
made across the world on climate policy and on the nature of recovery packages following 
COVID-19. 

22 Climate Action Tracker Initiative (2019) Governments still showing little sign of acting on climate crisis. 
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Box 2.1. Emerging COVID-19 impacts on global energy use and emissions 

Governments around the world have imposed substantial restrictions on mobility and economic 
activity to reduce the spread of COVID-19. In many countries these measures are still in place and the 
longer-term impacts on the global economy are highly uncertain. The lockdown measures are likely to 
have an impact across three different timescales:  

• Short-term evidence indicates very substantial reductions in energy use and emissions. An early
comprehensive estimate suggests that global emissions declined by over 5% in the first quarter
(Q1) of 2020 compared to the same period in 2019, with daily emissions in early April around 17%
(11 - 25%) lower than in 2019. This is greater than the decline seen in energy use (a 3.8% decline in
Q1 2020 relative to Q1 2019), as matching electricity supply to falling electricity demand was
mostly accomplished by reducing output from high-carbon sources such as coal (an 8% decline in
Q1 2020 relative to Q1 2019 levels). Projections for the annual emissions in 2020 depend very
strongly on the assumed global economic trajectory in the second half of the year – with recent
estimates ranging from a 2% to a 13% decline on 2019 levels.

• Medium-term impacts will be, in a large part, driven by the carbon intensity of any economic
stimulus efforts in countries with large emissions and the longer-lasting structural impacts of the
crisis. Investments in new long-life, high-carbon infrastructure could help support high global
carbon emissions for many years. The stock of high-carbon infrastructure existing prior to 2020
already implies enough lifetime cumulative emissions (if not retired early) to take the world close
to exceeding the Paris Agreement long-term temperature goal without any new high-carbon
infrastructure installed through stimulus packages.

• Longer-term the prospects for addressing global climate change will be affected by the as-yet
unknowable impacts of COVID-19 on investment and attitudes to global collaboration. The
possible reductions in global emissions in 2020 are estimated to be similar to the annual reduction
rates that would need to be maintained every year for many decades to keep warming to well-
below 2°C above preindustrial levels. Maintaining strong collaboration across borders will be
essential if the world is to achieve and maintain the scale of annual average reductions required.

Despite the expected record decrease in global emissions in 2020, the likely impacts of COVID-19 
measures will not by themselves lead to any appreciable reduction in global temperature or climate 
impacts from the levels we are already seeing today. CO₂ emissions largely accumulate in the 
atmosphere, meaning that human-induced warming will only stop increasing once global emissions of 
CO₂ (and other long-lived GHGs) are brought to net-zero and emissions of shorter-lived GHGs have 
been stabilised. The impacts of COVID-19 on global and UK emissions are discussed further in chapter 
5. 

Source: Le Quéré, C. et al. (2020) Temporary reduction in daily global CO₂ emissions during the COVID-19 forced 
confinement; Lui, Z. et al. (2020) COVID-19 causes record decline in global CO₂ emissions; IEA (2020) Global Energy 
Review 2020. 
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Box 2.2. Observed climate changes over the past decade 

Over the last decade the climate system has continued to change: 

• The 2010-2019 decade was the warmest on record globally. Global average human-induced
warming increased by around 0.2°C between 2010 and 2019, to now be around 1.1°C above the
preindustrial level. This rate of increase is consistent with that projected by the IPCC Fifth
Assessment Report in 2013 (a 0.12 - 0.42°C per decade increase). In the UK, the effects of human-
induced warming raised the temperature of the 2008-2017 decade by around 1.1 - 1.2°C above
preindustrial levels.

• Global sea levels rose by around 4.6 mm per year over the last decade and are, on average, around
21 cm higher than at the start of the 20th century. This was the fastest decadal rise that has been
observed and substantially faster than over the previous decade, particularly due to increased melt
from ice sheets on land.

These observed global-level changes in the climate system have continued to produce evidence of 
new climate impacts emerging from the noise of natural climate variability: 

• Changes in the probability of extreme events over the last decade have regularly been linked to
human-induced climate change. For example, attribution studies show that the record-breaking
concurrent heatwaves that occurred across the northern hemisphere in 2018 (including in the UK)
were made two or more times more likely due to human-induced climate change. The increase in
the frequency and severity of heatwaves is having clear impacts, including on mortality in the UK.
Not all extreme weather events that occurred over the last decade were found to have been made
more likely by climate change, with some cold extremes being made less likely and no discernible,
or as yet unclear, effects on others.

• Climate related impacts on ecosystems are becoming apparent. For example, the large El Niño that
occurred in 2016 temporarily boosted that year’s global temperature above the steadily increasing
human warming signal, causing unprecedented bleaching on the Great Barrier Reef. These ocean
conditions are expected to occur in nearly one-third of years in the current climate and will occur
more often with additional future warming.

These climate changes are driven primarily by global cumulative emissions of carbon dioxide since the 
industrial revolution. This means that even if global emissions start to fall over the 2020s, the climate 
will continue to warm further until global emissions approach net-zero. With further warming evidence 
of additional climate impacts will continue to emerge from the background climate variability.  

The past few months have also shown how extreme weather can interact with other kinds of risks. For 
example Cyclone Amphan struck Eastern India and Bangladesh in May 2020 during the midst of the 
COVID-19-induced lockdown, compounded the challenges in addressing either event. Increasing 
hazards from particular climate and weather-related phenomena will lead to more complex and 
frequent interactions with other types of risks with difficult to estimate consequences. 

Source: WMO (2020) Statement on the State of the Global Climate in 2019; IPCC (2013) Chapter 11 - Near-term 
Climate Change: Projections and Predictability; Hawkins, E. et al. (2020) Observed Emergence of the Climate Change 
Signal: From the Familiar to the Unknown; World Weather Attribution (2018) Heatwave in northern Europe, summer 
2018; Mitchell, D. et al. (2017) Attributing human mortality during extreme heat waves to anthropogenic climate 
change; King A. et al. (2017) Australian climate extremes at 1.5°C and 2°C of global warming.  
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b) Progress in the global energy system

At the global level, the fraction of primary energy sourced from fossil-fuels remains similar in 
2019 (80%) to 2010 (81%). 23 Alongside increasing energy demand, this has led to an overall 
increase in emissions. This masks a more uneven picture at a sectoral level:  

• Power. In the power sector, generation from low-carbon sources has expanded over the
decade from 33% to 37% of all generation and in 2019 generated more electricity than from
coal for the first time. These trends have been more pronounced in advanced economies as a
whole, where the share of electricity from low-carbon sources has risen from 39% to 46%,
with the share from coal falling from 34% to 23%, alongside a rising share from gas
generation. These changes have decreased the global carbon intensity of electricity by over
10% since 2010. Generation from solar PV and wind has risen from around 3.5% of global
electricity generation in 2010 to over 9% by 2019. However, the absolute level of generation
from coal still increased over the decade, with 500 GW of new capacity added.

• Transport. Global passenger transport has slowly started to electrify over the past decade.
Although still very small as an absolute share, the fraction of passenger electric vehicles has
now reached over 0.6% of the global fleet from essentially zero in 2010 and is growing faster
each year, reaching around 2.5% of global sales in 2019.24 However, increasing shares of
global car sales from large and energy-intensive Sports Utility Vehicles (SUVs), which have
doubled from around 20% to 40% of sales over this decade, have offset the emissions
benefits of any electrification. Emissions from SUVs were the second largest contribution
(after the growth of electricity demand) to rising global CO₂ emissions over the decade.25

• Industry. The global average carbon intensity of energy use in industry has held
approximately constant over the decade. The use of electricity as a fuel source increased
from 18% to 21% over 2010 to 2018, largely from increased use in non-energy intensive
industry, with fossil fuels still providing 69% of industrial energy use in 2018.26 Deployment
of carbon capture and storage (CCS) technologies in industry has remained very small with
only 19 operational large-scale industrial or fuel-production CCS facilities globally.

• Buildings. The total energy used per unit floor area in buildings decreased by 11% over 2010
- 2019, but increases in the global building stock resulted in increased overall energy usage.27

Fossil fuel-based heating systems made up about 57% of new heating system installations in
2019 (60% in 2010). Energy demand for space cooling has increased very rapidly over the
decade with the installed stock of air conditioners increasing by around 40%, creating
significant impacts on peak power demands in some regions, particularly during heatwaves.

23 IEA (2020) Global Energy Review 2019. 
24 EV Volumes (2020) Global BEV & PHEV Sales for 2019. 
25 IEA (2019) World Energy Outlook.  
26 IEA (2020) Tracking Industry.  
27 IEA (2020) Tracking Buildings.  
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Although at the high-level many aspects of the global energy system have remained relatively 
static, fundamental technological progress over the past decade has transformed the future 
prospects for more rapid changes in the energy system: 

• The cost of new renewable electricity generation has fallen dramatically (Figure 2.2) with the
lowest-cost sources of renewables as cheap as, or cheaper than, new fossil-fuel alternatives
in countries containing around two-thirds of the world’s population according to recent
analysis (based on fossil fuel prices in 2019).28 Recent analysis from Carbon Tacker suggests
that new renewable power is now a cheaper source of electricity than over half of existing
coal plants and will be cheaper everywhere by 2030.29

• The cost of battery packs for electric vehicles has fallen by around 87% over the 2010-2019
period and are likely to be close to the price needed to reach cost-parity with most light
internal-combustion vehicles within five years, according to Bloomberg New Energy Finance
analysis.30

• Electrification of transport and heating already offers emissions savings compared to fossil
fuel alternatives in regions covering 95% of global transport and heating demand.31 The
continued falls in the costs of renewable electricity and electrification of many end-use
sectors is therefore expected to drive emissions reductions around the world.

These trends are having knock-on impacts for the future of the global energy system over the 
coming decade. The pipeline of planned coal plant construction has shrunk by 78% over 2010-
19 and the share of energy system investment going to renewable sources has grown, although 
it remains below the levels (both relatively and in absolute terms) needed to achieve the goals of 
the Paris Agreement.32 In 2019 low-carbon generation expanded rapidly enough to meet all of 
the net additional demand for electricity, a key reason why global energy-related CO₂ emissions 
held approximately flat in 2019. This contributed to the largest ever drop in coal use and the 
third drop in the last five years. These are possible signs of the beginning of a rapid global shift 
away from coal that could take place in the 2020s. Early indications are that renewable energy 
deployments and investments may be less severely impacted by COVID-19 than fossil fuel-based 
generation.33 

28 Bloomberg New Energy Finance (2020) Scale up of solar and wind puts existing coal and gas at risk.  
29 Carbon Tracker Initiative (2020) How to waste over half a trillion dollars: The economic implications of deflationary 
renewable energy for coal power investments. 
30 Bloomberg New Energy Finance  (2019) Battery pack prices fall as market ramps up with market average at 156 kWh 
in 2019.  
31 Knoblock, F. et al. (2020) Net emission reductions from electric cars and heat pumps in 59 world regions over time.  
32 Global Energy Monitor (2020) Boom and Bust 2020: Tracking the Global Coal Plant Pipeline.  
33 IEA (2020) Renewable energy market update. 
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Figure 2.2. Falling costs of new renewable electricity generation over the past decade 

Source: IRENA (2020) Renewable Power Generation Costs in 2019.  
Notes: Global average levelised cost of electricity are given in constant 2019 US dollars. Costs vary across regions. 
Dates represent the year of completion of committed projects. Future costs are from renewable power auction 
databases and will be sensitive to the regional makeup of committed projects in international databases.   

c) Progress in international climate policy

The central achievement for international climate policy in the past decade was the signing and 
ratification of the Paris Agreement in 2015. This represented the first global climate treaty 
applying to (almost) all countries, with an agreed long-term goal to keep warming ‘well-below 
2°C above pre-industrial levels and pursuing efforts to limit the increase to below 1.5°C above 
pre-industrial levels’. The Paris Agreement also sits within a broader framework of global 
Sustainable Development Goals (also agreed in 2015) to be achieved by 2030.  

Since 2015, international negotiations have focused on the details for the rulebook for the Paris 
Agreement, climate finance, and a recent move towards setting Net Zero targets as a longer-
term climate milestone including in the private sector: 

• The rulebook for the Paris Agreement has now been largely completed, although with some
exceptions including the rules for international emissions trading, and the Paris Agreement is
now in force. The USA (13% of global GHG emissions) has announced its intention to
withdraw from the Paris Agreement in November 2020, however the longer-term trajectory
of US climate ambition is uncertain with substantial non-federal level action proposed,
including Net Zero targets in California and New York states (amongst others).34

34 19 states have made quantifiable GHG reduction or renewable energy commitments. 16 US state governments 
have stated their will to pursue the objectives of the Paris Agreement under the US Climate Alliance. This includes 
California (with an economy of similar size to the UK) which has used an executive order to commit to reduce 
emissions to Net Zero by 2045. Taken together, the various US coalitions of states, cities and businesses supporting 
the Paris Agreement make up around 37% of US GHG emissions. 
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• Developed nations committed in 2009 to collectively mobilise $100 billion per year by 2020
in climate finance from developed to developing nations. This funding is to help developing
countries reduce their emissions and adapt to emerging climate impacts. A recent
assessment concluded that around $70 billion per year had been mobilised by 2017,
although no universally agreed definitions for climate finance flows exist.35

• In 2018 the IPCC published its Special Report on Global Warming of 1.5°C. This highlighted
the avoided climate risks if warming is kept below 1.5°C compared to 2°C and created
substantial international interest in setting Paris Agreement-compatible national, sub-
national and corporate ‘Net Zero’ emission targets around the middle of the century,
including in the UK. 120 countries have now proposed a Net Zero target in some form, with
the EU (~8.5% of global GHG emissions) proposing a new law to achieve Net Zero GHG
emissions by 2050 being the most significant of these.36 When including state and city
commitments, around half of global GDP (~25% of global emissions) is now covered by some
type of Net Zero target.37

• The Paris Agreement has created growing private sector interest in mechanisms to report
and assess climate-related risks. Large coordinated international initiatives such as the
Taskforce on Climate-related Financial Disclosures (TCFD) have been established to provide
tools to assess and manage these risks, and there has been growing membership of
responsible investment initiatives, such as the UN Principles for Responsible Investment.

The past decade has focused largely on putting the framework for future international climate 
efforts in place. This has now been achieved. The primary focus throughout the 2020s will need 
to shift towards increasing ambition in emissions reduction and planning for adaptation to 
climate risks. A global stocktake of effort is scheduled for 2023, following the resubmission of 
national climate plans which were requested by the end of 2020.  

35 OECD (2019) Climate Finance Provided and Mobilised by Developed Countries in 2013-17. 
36 Net Zero commitments vary substantially, particularly between sub-national and corporate commitments, 
regarding the scope of emissions covered and conditions on the use of emissions offsets.  
37 ECIU (2020) Net Zero Tracker.  
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2. Progress in reducing UK territorial emissions
Overall, UK territorial emissions fell ~28%38 between 2008 and 2018 (the last date that emissions 
data for all sectors are available). This is faster than over 1998-2008 which saw an 11% reduction 
(Figure 2.3). Chapter 4 discusses 2018/2019 trends in detail.  

Figure 2.3. UK greenhouse gas emissions by sector 1990-2019 

Source: BEIS (2020) 2019 UK Greenhouse Gas Emissions, Provisional Figures; BEIS (2020) 2018 UK Greenhouse Gas 
Emissions, Final Figures; CCC analysis. 
Notes: The chart on the right-hand side shows changes in sectoral emissions between 2008 and 2018 for all 
sectors. Data are not temperature-adjusted. 

Reductions in territorial emissions since 2008 have been achieved alongside GDP growth of 
approximately 14% over the same period (Figure 2.4). The decoupling of emissions increases 
from GDP growth can be a powerful message to other countries, and must continue over the 
coming decades to achieve Net Zero. 

The UK has reduced its greenhouse gas emissions faster than any other G20 economy over the 
period 2008-2018 (Figure 2.5).39 However, this progress must continue and extend beyond the 
power sector to meet the net-zero emissions target - emissions fell an average of 19.2 MtCO₂e 
each year from 2008 to 2018, and must fall on average 15.5 MtCO₂e each year from 2018 to 2050 
(Figure 1.1).40 

38 This includes international aviation and shipping and ignores the impact of EU ETS trading. GHGs are aggregated 
using global warming potential values from the IPCC 4th Assessment Report. Emissions are excluding revisions to 
peatland emissions from methods in the IPCC Wetland Supplement to allow consistency across reported years.  
39 Percentage reduction from 2008-2018. 
40 This rate does not account for forthcoming revisions to peatland emissions or global warming potentials. 
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Figure 2.4. Emissions vs. GDP over time 

Source: BEIS (2020) 2019 UK Greenhouse Gas Emissions, Provisional Figures; BEIS (2020) 2018 UK Greenhouse Gas 
Emissions, Final Figures; ONS (2020) Gross Domestic Product: chained volume measures: Seasonally adjusted £m; 
Defra (2019) UK’s carbon footprint; CCC analysis. 
Note: International aviation and shipping is included in both the territorial and consumption emissions statistics. 
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Figure 2.5. Relative GHG emissions of G20 countries (2008-2018) 

Source:  PBL (2019) Trends in Global CO₂ and Total Greenhouse Gas emissions: 2019 report. 
Note: GHG emissions from land-use, land-use change and forestry are not included in the national totals used 
here.  
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Beneath these headline figures, performance has been more mixed at a sectoral level: 

• Sectors with decreasing emissions. Emissions reductions have been predominantly driven
by acceleration of power sector decarbonisation, which went from being the highest
emitting sector at the beginning of the decade to the fourth highest in 2019. Industry, for
which production output remains roughly at 1990 levels, saw significant decreases in
emissions over the 2010s, in line with historical decreases in the previous two decades.
Emissions from waste, shipping and F-gases have also decreased. Climate policy has been
the predominant driver of emissions reductions in power, F-gases and waste, whilst
reductions in industry and shipping have been largely due to wider international and
economic trends affecting the sector (e.g. low steel prices, relative energy prices - see
industry section).

• Sectors with flat emission trends. Surface transport saw little to no progress reducing
emissions in the past decade. Due to reductions in emissions from other sectors, it is now the
highest-emitting sector. The buildings sector too has not decarbonised at the pace of the
rest of the economy and has remained relatively flat over the latter half of the 2010s.
Agriculture and Land use, land-use change and forestry (LULUCF) have also made little
progress. Emissions from aviation fell at the end of the 2000s, with international aviation
emissions increasing again during the 2010s with increased flights and passenger numbers.

The UK met its first and second carbon budgets and is on track to meet its third budget, which 
are assessed through the UK net carbon account (Box 2.3). However, external factors have 
played a significant role in meeting these budgets.41 For example, the impact of the 2007-08 
financial crisis on economic activity made the first two targets significantly easier to meet, while 
measures to reduce emissions fell short of our indicator trajectories in a range of areas, only 
achieving 8 out of 27 indicators in the 2018 Progress Report. For this reason, we recommended 
that the outperformance of the Second Carbon Budget should not be carried over to help meet 
future budgets.  

Emissions will almost certainly fall again in 2020 as a result of the COVID-19 crisis (chapter 5), and 
this is likely to increase the margin by which the UK meets its Third Carbon Budget. Our 
recommendation remains that any surplus from the Third Carbon Budget should not be carried 
forward. We will analyse the effects of COVID-19 on the UK’s emissions in future publications, 
including our advice on the level of the Sixth Carbon Budget in December 2020.  

41 CCC (2019) Reducing UK emissions: 2019 Progress Report to Parliament. 
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Box 2.3. The net carbon account 

Under the Climate Change Act, performance against carbon budgets is measured not by actual 
emissions but by the 'net carbon account'. The net carbon account is the sum of:  

• The allowances allocated to the UK through the EU Emissions Trading System (EU ETS), including
domestic aviation.

• Actual emissions from sources outside the EU ETS (i.e. the 'non-traded sector').

The net carbon account will differ from actual UK emissions as sources of emissions covered by the EU 
ETS (i.e. the 'traded sector') typically will not equal the UK's share of the EU ETS emissions cap. 

The UK's share of EU ETS allowances consists of the free emission allowances allocated directly to UK 
installations, allowances allocated to the UK Government for auction, and the allowances allocated to 
new UK entrants to the EU ETS. 

The Carbon Accounting (Provision for 2018) Regulations 2020 were introduced in February 2020. Under 
these regulations, the net carbon account for 2018 was 476.2 MtCO₂e. 

There is no definition of how the net carbon account will be calculated beyond 2018, so we have not 
estimated the net carbon account for 2019. The future of carbon pricing in the UK is currently 
uncertain, and will have clear implications for the net carbon account beyond 2018. 

Figure B2.3. UK GHG emissions in traded (left) and non-traded sectors (right) 

Source: BEIS (2020) Annual statement of emissions for 2018; BEIS (2019) Final statement for the second carbon 
budget; DECC (2014) Final statement for the first carbon budget; CCC analysis. 
Notes: Shading represents five-year carbon budget periods. ‘Allocated EU ETS permits’ includes the UK 
domestic aviation cap from 2012 onwards, and is adjusted for allowances totalling around 4.5 MtCO2e that 
were cancelled from the New Entrant Reserve from 2008-2012. ‘Traded emissions’ includes domestic aviation 
CO₂ emissions from 2012 onwards. 
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a) Progress sector-by-sector

i) Surface transport

Surface transport emissions have been broadly flat over the past decade, falling only 3% 
between 2008 and 2018. Surface transport has emerged as the single highest emitting sector in 
the UK since 2015, and the current trend is off track to contribute as required to meeting the 
fourth and fifth carbon budgets and Net Zero. 

• There have been increases in car efficiency for given car classes over the past decade, despite
difficulties with the New European Drive Cycle (NEDC) testing process. These improvements
have been driven by EU standards and implemented by the UK Government. Overall,
emissions per km of new cars have reduced from 158.1 gCO₂/km in 2008 to 122.7 gCO₂/km in
2018.42 The lack of progress in reducing new car CO₂ in the last two years is largely due to the
significant growth in SUVs from 6% market share in 2008 to 25% in 2019.43

• The number of kms driven has increased notably over the past decade. Total road traffic was
530.6 billion vehicle-kms in 2019,44 an increase of 6% since 2008. Car and van journeys make
up 83% of the average person's trips that involve a vehicle.45

The Government response to the COVID-19 pandemic is an opportunity to reduce the influence 
of rising demand (e.g. by facilitating and encouraging a move towards home working, see 
chapter 5), in line with the ambitions set out by the Government in its March publication. 

Electric Vehicle (EV) uptake has been slow in the 2010s, but has accelerated in recent years. The 
first half of the 2010s saw fewer than 25,000 new plug-in cars and vans sold in total (this includes 
plug-in hybrids and battery electric vehicles (BEVs))46. There are now over 300,000 plug-in cars 
on the road (~1% of total cars) and sales of plug-in EVs in the first three months of 2020 are more 
than double what they were in 2019.47 Policy has supported this change, through a combination 
of upfront purchase subsidies, preferential tax treatment and support for the charging network.  

ii) Industry

Industry has seen significant reduction in emissions, reducing around 29% over the period 2008- 
2018, and more than halving since 1990. This is a result of reductions across all parts of industry - 
manufacturing, construction and fossil fuel supply. In the manufacturing sector CO₂ emissions 
fell 25% between 2009 and 2017 and our decomposition analysis suggests that this is explained 
by a combination of the changing structure of the UK's manufacturing sector, as well as 
improved energy intensity and a shift to lower-carbon fuels, but not changes in overall output. 
More than half of emissions from industry come from refineries, chemicals, construction, iron, 
steel and cement and lime.48 

• Output effects. These reflect emission reductions associated with a change in overall
manufacturing output. Overall, industrial output grew by 10% between 2009 and 2017 so
this did not drive a reduction in emissions.

42 SMMT (2020) Internal data shared with the CCC, NEDC test cycle. 
43 SMMT (2020) Internal data shared with the CCC. 
44 DfT (2020) Provisional road traffic estimates, Great Britain: April 2019 to March 2020. 
45 DfT (2019) Transport Statistics Great Britain 2019.  
46 Cumulative sales up until 2014. 
47 Next Green Car (2020) Website Statistics. 
48 CCC (2019) Net Zero: Technical Report.  
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• Structural effects. These reflect the shift within the UK manufacturing sector towards less
carbon-intensive subsectors. It accounts for 25% of the emissions reduction between 2009
and 2017, but does not reflect decarbonisation of industrial processes.49 Analysis suggests
that these shifts are largely as a result of international commodity prices, and relative
electricity prices, not as a result of UK climate policy.50

• Energy intensity improvements.51 These are emissions reductions associated with energy
efficiency improvements, better plant utilisation and changes in product mixes within
sectors. These account for 50% of the emissions reduction between 2009 and 2017.

• Changes in fuel mix. These are emissions reductions due to a move to lower-carbon fuels or
electricity. These account for 25% of the emissions reduction between 2009 and 2017.

iii) Buildings

Buildings saw some limited progress in the past decade, with emissions falling 14% in the period 
2008-2018, or 13% after adjusting for above average temperatures. However, after policy-driven 
success in the first half of the decade, there has been minimal progress in recent years: 

• The majority of this decrease occurred over the period 2008-2015, when emissions fell 17%.
This was largely driven by strong domestic standards phasing out non-condensing boilers,
along with the supplier obligations targeting home energy efficiency which ran from 2008-
2012 (CERT and CESP).

• Above average temperatures over the period also contributed to the decrease, with 9 out of
the 12 past years recording temperatures above the long-term trend. Accounting for this,
emissions fell only 13% over the period, with negligible progress since 2015.

• Strong standards at EU-level led to greater appliance efficiencies such as household white
goods. Over the period 2008-2018, temperature-adjusted average electricity use fell 17%,
primarily driven by the EU Ecodesign directive.

This means that the bulk of the challenge to decarbonise buildings remains, with the greatest 
challenge on decarbonising heating and hot water barely yet addressed. 

• Low-carbon heat in existing homes. The major challenge for the buildings sector remains
the need to shift homes away from natural gas to low-carbon heat solutions. The 2010s have
seen very little progress in this area. Heat pumps are the heating solution in fewer than
200,000 homes.52 Public awareness of the need to move away from natural gas is limited, a
recent survey highlighted that 48% of the population were not aware that gas boilers were a
source of CO₂ emissions.53

• Energy efficiency in existing homes. The major challenge of widespread building
renovation and retrofit to increase building heat efficiency has been largely unaddressed.
The replacement of the supplier obligations with the Renewable Heat Incentive and the
Green Deal has resulted in an order of magnitude fall in the rate of loft and wall insulation.

49 CCC analysis. 
50 For example, Aldersgate Group & UCL (2018) UK industrial electricity prices: competitiveness in a low-carbon world. 
51 Energy intensity in this analysis is only a proxy for genuine energy efficiency improvements, since it also includes 
the effects of changing product mix and utilisation of plant and equipment, but it provides an indication about 
whether and where industrial energy efficiency is improving. 
52 Eurobserv-er (2019) 19th annual overview barometer. 
53 BEIS (2019) BEIS Public Attitudes Tracker: Wave 31. 
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• New homes. The scrapping of the 2016 Zero Carbon Homes standard has meant that energy
efficiency progress seen in existing buildings has not been replicated in new buildings. There
are now more homes requiring zero-carbon retrofit than there were when the Climate
Change Act was passed, with 1.8 million additional homes since 2007 now needing to be
fitted with low-carbon heat.54

iv) Power

The power sector has been a major success story in the past decade. Emissions have decreased 
around 62% over the period 2008 – 2018 reflecting real decarbonisation of energy produced in 
the UK. The carbon intensity of the grid fell from around 500 gCO₂/kWh in 2010 to 246 
gCO₂/kWh in 2018.55 Electricity generated from renewables was 25 TWh in 2008 (7% of mix), and 
rose to 100 TWh in 2018 (34% of mix).56 

• The Government introduced Electricity Market Reform in 2012. This included a host of
policies that led to the decarbonisation of the UK’s power sector and complemented the
existing Renewable Obligation Certificates (introduced in 2002) and Feed-in Tariffs
(introduced in 2010). Wind generation in 2019 makes up 23% of generation, with solar and
biomass providing 3% and 11% respectively.57

• Contracts-for-Difference (CfD) de-risk future returns for low-carbon investors. This gives
investors greater confidence to invest in these projects which have high up-front capital
costs. This investment, initially catalysed by the Green Investment Bank, has helped drive an
increase in renewable generation and reduce the costs of the technology. Offshore wind is
now the fastest growing form of electricity generation in the UK.

• Carbon pricing contributed to the decommissioning of coal by making it uncompetitive
against natural gas.

• European efficiency standards for lights and household appliances drove down electricity
use as products were replaced over time with more efficient models.

This has resulted in a transition from fossil fuel based power to renewables. For example, in Q3 
2019, renewables provided more electricity than fossil fuels for the first time in the UK’s history.58 
This has wider importance when considering that electrification will increase demand for 
electricity over the coming decades.  

v) Aviation

Aviation emissions fell in 2009 and 2010 after the financial crisis, then stayed relatively flat in the 
early 2010s, but have been rising again in recent years. UK aviation emissions in 2018 were 
therefore the same as in 2008, as falls in domestic and military aviation emissions have been 
balanced by a rise in UK international aviation emissions. Over the same 2008-2018 period, the 
total number of UK terminal passengers rose by 24% to reach 292 million in 2018, with a further 
2% increase seen in 2019.59  

54 MHCLG (2019) Table 211 House building: permanent dwellings started and completed, by tenure. 
55 BEIS (2019) provisional and 2018 final emissions data and DUKES (2020) Energy Trends 5.1. 
56 DECC (2011) UK Renewable Energy Roadmap. 
57 DUKES (2020) Energy Trends 5.1, DUKES (2020) Energy Trends 6.1. 
58 Carbon Brief (2019) Analysis: UK renewables generate more electricity than fossil fuels for first time. 
59 Civil Aviation Authority (2020) UK airport data. 
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The increase in emissions has been more modest than growth in passengers due to increased 
plane loadings, decreases in average flight distance (due to faster growth in flights to the EU 
than other international destinations) and some improvements in fleet efficiency.  

vi) Agriculture and land use, land-use change and forestry (LULUCF)

Agriculture emissions have increased over the period 2008-2018 by 2%, whilst the net sink from 
LULUCF has increased 15% over the same period. The combined effect is that emissions have 
been broadly flat in the past decade, decreasing 2% over the period 2008-2018. These sectors 
have repeatedly failed to meet the indicators outlined in the Committee’s progress reports (e.g. 
for tree planting). 

In the past decade, agriculture policy to reduce emissions has been dominated by a voluntary 
approach, centred on supplying advice and information. Afforestation has relied upon money 
provided under agri-environmental schemes covered under the EU's Common Agricultural 
Policy. For example, England's Countryside Stewardship Woodland Creation scheme provides 
£18m annually for the planting of around 2,000 hectares.60 

Rates of tree planting have varied significantly in England and across the devolved 
administrations. In 2018/19, Scotland accounted for 80% of new planting in the UK.61 For the UK 
as a whole, rates of tree planting have consistently fallen below what is needed to achieve Net 
Zero by 2050. 

vii) Waste

Waste sector emissions have fallen 46% over the period 2008-2018, driven exclusively by 
reductions in landfill methane emissions. This has primarily occurred due to falls in the amount 
of biodegradable waste being landfilled, driven by the UK's landfill tax diverting waste away 
from landfill. Although landfill methane capture rates increased in the early 2010s, these have 
peaked and are now decreasing. Recycling rates have also plateaued in England, although Wales 
and Scotland have seen improvement in the past decade. With the significant decrease in 
landfilling, more local authority waste is now incinerated for energy than recycled or composted 
in England. 

In 2018, there were  6.8 MtCO₂e/yr of fossil-related GHG emissions resulting from the conversion 
of municipal solid waste and other industrial wastes into power and/or heat across the UK, an 
increase of 14% from 2017. These emissions are counted within the Power and Industry sectors 
above, rather than the Waste sector.62 

viii) Shipping

Shipping has seen a decrease in emissions of 26% over the period 2008-2018, with a sharp fall 
occurring after the global financial crisis, and smaller reductions in recent years. Shipping sector 
emissions are determined by UK maritime fuel bunker sales, which have fallen over the period 
mostly due to reductions in domestic coastwise and international export shipping. In terms of 
overall freight tonnages, dry and liquid bulk have seen significant falls (in particular, less coal and 
crude oil carried by ship), although container and roll-on/roll-off freight has increased.63 

60 The 2014-20 Rural Development Programme for England (RDPE). 
61 Forest Research (2019) Provisional Woodland Statistics: 2019 Edition.  
62 Defra (2019) Statistics on waste managed by local authorities in England in 2018/19. 
63 DfT (2020) Port and domestic waterborne freight statistics: data tables (PORT). 
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ix) F-gases

F-gases have been relatively flat over much of the past decade, although recent years have seen
a fall, resulting in a total decrease of 13% over 2008-2018. These reductions are a result of
industry pressure as well as strong EU regulation on their use (requiring a reduction of around
80% in emissions of most F-gases by 2050), driving innovation and product shifts.

b) Progress in key technologies and consumer and business behaviours

Aside from emissions and policy, the past decade has also seen varying degrees of progress 
amongst an array of key technologies and behaviours. Here, we discuss progress across key 
underlying technologies and behaviours:64 

• Offshore wind. Recent auctions have produced record low prices for electricity generation
from offshore wind, and many renewable technologies are now competitive with fossil fuel
generation. There are strong signs that this trend will continue in the 2020s. Globally the
costs of onshore wind and solar PV have fallen by 39% and 82% respectively since 2010
(Figure 2.2).65

• Battery costs and electric vehicles. The global Electric Vehicle (EV) market continues to
develop and there have been profound changes in the past decade. The average market
price for battery packs has decreased 87% in real terms between 2010 and 2019.66 In 2010
there were 16 EV models on sale this has risen to ~140 models globally in 2020. 67 The
number of public charge points, covering slow, fast, rapid and ultra-rapid chargers, has
grown from a negligible figure in 2010 to over 30,000 in 11,000 locations across the UK.63

Whilst these chargers are concentrated in urban areas, coverage UK wide has also increased.

• Heat pumps. Electrification of heating remains the main route for decarbonising buildings,
whether through heat networks or at a household level. There are 37 million heat pump
units installed in EU countries.68 Public subsidies have been available since 2011 in the UK,
primarily under the Renewable Heat Incentive. However, UK deployment remains below
30,000 units installed a year, or just 2% of annual boiler replacement sales. The attending lack
of public awareness and support for low-carbon heating is arguably the single greatest
consumer barrier to achieving Net Zero.

• Carbon capture and storage (CCS) is a key pillar in achieving Net Zero, requiring significant
progress in the 2020s to get on track to meeting the target by 2050. However, it is yet to be
developed at scale in the UK and there was little progress in the 2010s. It must be a priority
progress area for the 2020s. The Government cancelled two CCUS commercialisation
programmes since 2008, halting progress in the sector, though the Government has recently
reiterated its commitment to the technology (Section 4.3).

• Low-carbon hydrogen has recently emerged as a promising low-carbon fuel, with prospects
to enable decarbonisation of the industrial, power, transport and buildings sectors globally.

64 This list is non-exhaustive. Technologies selected for discussion based upon their degree of progress and 
criticality for achieving Net Zero. See Section 2.a for further discussion of progress by sector. 
65 IRENA (2020) Renewable power generation costs in 2019.  
66 Bloomberg New Energy Finance (2019) Battery pack prices fall as market ramps up with market average at 156 kWh 
in 2019. 
67 Next Green Car (2020) Website Statistics. 
68 Eurobserv-er (2019) 19th annual overview barometer. 
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It will play a crucial role in the future low-carbon energy system, but has not yet been 
deployed at scale in the UK.  

• Diets. Meat consumption decreased by 6% between 2000 and 2018. The proportion of fresh
meat (i.e. beef, lamb and pork) fell by 23%. However, around 80% of meat consumed is made
up of processed meat, which has remained broadly unchanged.69 The consumption of dairy
products has decreased by 16% during this time. Recent surveys indicate an increase in
people classifying as vegan, vegetarian and “flexitarian”.70

• Walking and cycling behavioural change has had mixed levels of success.71 The number of
walking trips decreased throughout the majority of the 2010s, but distance walked per year
increased by 9% from 2015 to 2018 (the latest year that data is available). For cycling, the
average number of trips has remained flat over the past decade, but distance has increased
over time (9% from 2015 to 2018).

• Flying. Total passenger numbers increased 26% over the period 2008-2018, with the largest
growth (a 35% increase over the period) being in flights to European destinations.72

3. Progress in reducing UK consumption emissions
Accounting for greenhouse gas (GHG) emissions under the Climate Change Act is done on a 
‘territorial’ basis, meaning that a country has responsibility for all emissions produced within its 
borders. This is consistent with the internationally-agreed approach to GHG emissions 
accounting under the Paris Agreement, in which all countries are required to make (nationally-
determined) commitments to reduce the emissions produced domestically.  

An alternative perspective associates emissions caused during the production of goods and 
services with the country that is the final consumer of those goods and services independent of 
where in the world those emissions occurred. For the UK this ‘consumption emissions footprint’ 
(or carbon footprint) is published annually by Defra as an experimental statistic, with the 
published time series extending back to 1990 for the first time this year.73 Consumption 
emissions statistics have higher uncertainty than territorial-based emissions due to the large 
amount of national accounts and trade data needed in addition to GHG inventories to map the 
global flows of intermediate goods and services which provide inputs for a final product 
consumed in the UK.  

This section describes the composition of the UK's current consumption footprint and the 
drivers of how it has changed over time, based on the latest statistics published by Defra.  

69 DEFRA (2019) Family Food Survey. 
70 See for example The Grocer (2018) Meat-free diets: fad or future of food? and Eating Better (2019) Public attitudes to 
meat consumption. 
71 DfT (2019) Walking and cycling statistics, England: 2018. 
72 DfT (2019) Aviation (TSGB02). 
73 Different formats for that national statistics on production and consumption within the economy mean that there 
is higher uncertainty in the UK’s consumption footprint prior to 1997 compared to after it.  

880  



82 Reducing UK emissions: Progress Report to Parliament   |   Committee on Climate Change 

a) Composition of the UK consumption emissions footprint in 2017

In 2017, the most recent year for which estimates are available, the UK’s consumption emissions 
footprint was 772 MtCO₂e. This is larger than the 505 MtCO₂e for the UK's territorial emissions in 
2017.  

This gap between the UK's consumption emissions and territorial emissions reflects the 
difference between the imported emissions to satisfy UK consumption and the emissions 
embedded in UK exports.74 

This consumption emissions footprint can be decomposed in a number of ways (Figure 2.6): 

• By source. 73% of the UK's consumption emissions footprint occurs in industrial and waste,
transportation and power sectors. Emissions produced by electricity generation (both that
consumed directly in the UK and that used to produce the final products and services for the
UK) still make up 18% of the UK’s consumption footprint, contrasting with the UK’s territorial
emissions, where power sector emissions are now 13%.

• By region. In total 54% of the UK’s consumption footprint emissions were produced in the
UK and are therefore counted in the UK’s territorial account.75 An additional 10% are
produced in EU countries, meaning around two-thirds of the UK’s consumption footprint
falls within countries that have legislated or have currently proposed equally ambitious all-
economy long-term emissions targets as in the UK. Emissions produced in China contribute
8% of the UK’s consumption footprint. The large number of regions that make a significant
contribution to the UK’s carbon footprint reflects the complexity of current global supply
chains.

• By product. The UK’s consumption of services makes up around 20% of the UK's
consumption emissions footprint when indirect emissions (such as from electricity used in
powering offices producing services) are allocated along supply chains to the final product.
This is now very slightly larger than the emissions embedded in the UK’s consumption of
manufactured products.76 89% of the emissions associated with the UK’s demand for
manufactured products occur outside of the UK, but only 55% do so for services.

The UK has a similar consumption footprint to many European countries, with consumption 
footprint CO₂ emissions per person greater than France, but lower than Germany and 
significantly lower than non-European developed countries such as the USA, Japan, Russia and 
Canada.77  

74 Differing methodologies between the consumption and territorial emissions accounts make an exact comparison 
difficult. For example, emissions from land-use, land-use change and forestry are not currently estimated as part of 
the UK’s consumption emissions accounts but are in the territorial emissions accounts.  
75 This is over 80% of the UK's territorial emissions account. The remaining ~20% of UK territorial emissions are 
associated with products and services that are consumed outside the UK so do not count towards the UK's 
consumption footprint.  
76 The real value of the UK’s consumption of services is however three times greater than that of manufactured 
products, reflecting the lower full supply chain carbon intensity of the services sector.  
77 Global Carbon Project (2019) Global Carbon Budget 2019; Peters, G. et al. (2011) Growth in emission transfers via 
international trade from 1990 to 2008. Proceedings of the National Academy of Sciences, 108 (21), 8903-8908. 
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Figure 2.6. Decomposition of the UK’s consumption emissions footprint in 2017 

Source: Defra (2019) The UK’s carbon footprint; CCC analysis. 
Notes: In the regional breakdown the 'Other regions' category refers to the Brazil, South Africa, Rest of Europe, 
Rest of Africa, Rest of America, Rest of Asia and Rest of Middle East regions from the Defra statistics. The 'Rest of 
Middle East' region is the largest of these, contributing 38 MtCO₂e in 2017.  

b) Changes in the UK’s carbon footprint over 2009-2017

In 2017 the UK consumption emissions footprint was 16% below 1990 levels (Figure 2.4). Over 
the same period, the monetary value of the UK’s total consumption of goods and services grew 
by around 80% in real terms. Between 1990 and 2006 the UK's consumption emissions footprint 
increased by around 6%. This was driven by increased consumption, rapid increases in 
globalisation and increasing carbon intensity of energy (particularly coal fired power in China) 
over the 2000s. The effects of the global financial crisis caused the UK's consumption emissions 
footprint to decline sharply over 2007-2009. Since 2009 it has steadily declined although at a 
slower rate than the UK's territorial emissions.  

During the period 2009-2017, a combination of drivers related to economic structure and carbon 
intensity improvements in the UK and overseas underlie the declining trend (Figure 2.7): 78 

• Increased population. UK population has increased by 6% over this period, increasing total
national consumption and hence consumption emissions independent of any changes in per
person levels of consumption.

• Increased consumption. The real terms monetary value of per person consumption in the
UK increased by around 12% over 2009-2017. Without any changes in the type of goods and
services that the UK consumed, or in the structure of the UK and global economy, this would
have increased the UK’s consumption footprint by 164 MtCO₂e (19%).

78 We focus on this period because of the large effects of the global financial crisis on UK consumption emissions to 
better isolate the dominant trends since. 
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• More globalised supply chains. A globalisation of supply chains means that a greater
fraction of the economic value of UK consumption accrues overseas. Supply chains have
generally continued to become more global since 2009, but generally at a lower rate than in
the rapid expansion prior to 2007. This increase in globalisation has resulted in more of the
economic activity from UK consumption occurring in regions with higher carbon intensities
than in the UK, increasing the UK's overseas consumption emissions by 21 MtCO₂e and
reduced that occurring in the UK by 12 MtCO₂e. These changes are only a small contribution
to the overall change in the UK consumption footprint, indicating that 'offshoring' of UK
emissions is not responsible for a large fraction of the changes in either the UK's territorial or
consumption emissions seen since 2009.

• Improved energy intensity. Improvements in the energy intensity of economic activity
both in the UK and elsewhere have helped to offset the GHG emissions impact of increased
consumption and more global supply chains. Overall, changes in the energy intensity of
economic production contributed to reducing the UK's carbon footprint by 77 MtCO₂e
between 2009 and 2017.

• Decreased carbon intensity of energy. In the UK, the carbon intensity of the energy has
declined, driven primarily by the large improvements in the power sector. This has reduced
UK consumption emissions produced in the UK by 89 MtCO₂e. Outside of the UK, the carbon
intensity of energy used to meet UK consumption also decreased over the 2009-2017 period,
in contrast to the previous decade which saw increases due to the large expansion in global
coal fired electricity generation. This contributed to a decrease in the UK consumption
emissions footprint produced overseas of 80 MtCO₂e.

Overall, the improvements in the energy and carbon intensity of the UK and global economy 
over the last decade were sufficient to outweigh the effect of increased overall consumption and 
changes in the structure of the global economy, leading to an overall 9% decline in the UK's 
consumption emissions over 2009-2017 (18% relative to 2008 levels). The UK-produced part of 
the consumption emissions footprint contributed most to this overall decline (a 20% reduction) 
whilst the emissions produced in the rest of the world rose slightly (8% increase). The overall 
reduction in the UK's consumption emissions is smaller than the 20% reduction in the UK’s 
territorial emissions account over the same period.  

The growing ‘gap’ between the UK’s consumption and production accounts reflects in part the 
relatively more rapid decarbonisation in the UK compared to the world as a whole as well as the  
lower carbon intensity of economic activity which occurs in the UK. The UK’s consumption 
emissions footprint in 2017 would have been higher without efforts to reduce emissions in the 
UK’s territorial emissions account, which have not resulted in significant 'offshoring' of emissions 
over the last decade. For instance, decarbonisation of the power sector in the UK, the main 
contributor to falling territorial emissions, has also led to reductions in the UK's consumption 
emissions footprint.   

• Changes in consumption patterns. Since 2009 the structure of UK final consumption has
not significantly changed between different groups of products. Those changes that have
occurred have only a very small effect on UK consumption emissions, increasing them by 4
MtCO₂e over this period.
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Figure 2.7. Drivers of changes in the UK’s consumption emissions footprint (2009-2017) 

Source: Defra (2019) The UK’s carbon footprint; CCC analysis.  
Notes: The contributions to the change between 2009 and 2017 are calculated using a unipolar decomposition 
ordered from left to right. Negative contributions are marked using a dotted black outline and hatching. Net 
changes in the total consumption emissions footprint is marked by a solid black line. The contributions to change 
are calculated for the 'indirect' GHG emissions only, with the direct household emissions from travel and heating 
included only in the 2009 and 2017 bars (these household emissions increased only by 8 MtCO₂e since 2009).  

c) Tracking UK consumption emissions

Territorial-based emissions accounting is the established and agreed method under the 
international architecture of the Paris Agreement. There is unlikely to be support for a shift to 
consumption emissions accounting internationally, due to both the challenges of producing 
accurate estimates for many countries and concerns regarding sovereignty over domestic 
industries from emissions exporters (often large developing countries). Territorial-based 
accounting is also most closely aligned to the policy levers that national governments have to 
influence emissions, and therefore remains the right basis on which legally-binding emission 
targets are set under the Climate Change Act.  

However, consumption-based accounting does offer a valuable complementary perspective to 
territorial-based accounting and should continue to be assessed by the UK Government. It can 
be helpful in identifying actions that might reduce the UK's territorial emissions but increase 
emissions elsewhere, as well as highlighting the additional emissions reductions from reduced 
consumption of GHG-intensive goods that fall outside of the UK’s territorial account.  

Consumption-based accounting also demonstrates the need for a global approach to help other 
countries reduce their GHG emissions. The only plausible way to reduce the UK consumption 
emissions footprint to net-zero is, alongside strong domestic action, to support other countries 
in setting and achieving economy-wide Net Zero targets themselves.  
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We will look further at how the UK can best contribute to this as part of our advice on the level of 
the sixth carbon budget in December and the Committee will continue to report on progress in 
reducing the UK's consumption emissions in future progress reports. 

4. Progress reducing emissions in Scotland, Wales and Northern Ireland
The governments of Scotland, Wales and Northern Ireland will have an increasingly important 
role to play in tackling climate change as progress extends beyond the power sector. The 
reserved and devolved policy responsibilities are complementary (Box 6.1). The UK cannot 
achieve its future climate goals without strong statutory frameworks for emissions reduction 
from Holyrood, the Senedd, or Stormont - and strong policies from the devolved governments 
to match. Likewise, the nations of the UK will not meet their own climate targets without 
supporting UK-wide policies. 

Emissions data for the devolved administrations are only available up to 2017. New data for 2018 
were published on 16 June 2020 but this was too late for inclusion in this report. The Committee 
will comment in more detail on emissions in 2018 in dedicated Progress Reports for Scotland 
and for Wales later this year. 

Scotland and Wales both have their own legislated climate targets. Both countries were close to 
being on course to meet their next major climate targets for 2020 (Table 2.1, Figure 2.8), and will 
now likely outperform them due to the impacts of COVID-19. Northern Ireland's New Decade, 
New Approach power-sharing agreement included new commitments to introduce legislation 
and targets for reducing carbon emissions in line with the Paris Agreement. 79

Figure 2.8. Greenhouse gas emissions in Scotland, Wales and Northern Ireland (1990-2017) 

Source: NAEI (2019) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2017. 
Notes: Emissions data for the devolved administrations are only available up to 2017, though new data for 2018 
were published on 16 June 2020. The Committee will comment on emissions in 2018 in dedicated Progress 
Reports for Scotland and for Wales later this year. No data are available for 1991-1994 or 1996-1997. 

79 UK Government and Irish Government (2020) New Decade, New Approach. 
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Table 2.1. Scotland and Wales are likely to outperform their 2020 emissions targets 

2020 emissions targets Performance in 2017 On track? 

Scotland 56% reduction in all 
greenhouse gas 
emissions by 2020 
against 1990 levels. 

Scotland’s emissions were 51% 
below 1990 levels on the 'base 
inventory' against which 
Scotland's targets are measured. 

COVID-19 means Scotland 
will likely outperform the 
target. Underlying 
performance has been 
strong, but progress has 
must extend beyond the 
power sector. 

Wales The first Welsh carbon 
budget (CB1) requires an 
average 23% reduction 
in all greenhouse gas 
emissions over the 
period 2016 to 2020 
against 1990 levels. 

In 2016 and 2017, the average 
reduction in emissions was 20%. 
Based on the latest published 
inventory, average annual 
emissions will have to be below 
42.0 MtCO₂e from 2018 to 2020 
for Wales to meet its target. 

COVID-19 impacts mean 
Wales will likely outperform 
the target. Reductions 
across the budget period 
to-date have mostly been 
due to a large drop in the 
power sector in 2017. 

Source: NAEI (2019) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2017. 

Scotland has decarbonised faster than the UK as a whole from 2008 to 2017, whereas Wales and 
Northern Ireland have marginally increased their share of total UK emissions (Figure 2.9): 

• Emissions fell by 19.8 MtCO₂e (-33%) in Scotland, at a relatively steady annual decline.

• Emissions fell by 8.5 MtCO₂e (-17%) in Wales. A period of overall increasing emissions from
2009 to 2016 was reversed by particularly strong reductions in 2017, with emissions falling
by 13% in a single year.

• Emissions fell by 2.6 MtCO₂e (-12%) in Northern Ireland, despite a 4% increase from their
lowest levels in 2014 to a six-year high in 2016.

The most significant factor in determining the rate of decarbonisation in Scotland, Wales and 
Northern Ireland relative to the whole of the UK has been the speed and scale of power sector 
decarbonisation in each country (Figure 2.10):  

• Scotland has led the UK on the rate of power sector decarbonisation, and its emissions from
power generation were just 1.2 MtCO₂e in 2017. Scotland has substantial capacity for low-
carbon generation with renewable energy making up 90% of gross electricity consumption
in Scotland in 2019, and has two existing nuclear power stations. The power sector has
accounted for two-thirds of all greenhouse gas emissions reductions in Scotland since 2008.

• Wales is a net exporter of electricity to the rest of the UK, generating twice as much
electricity as it consumes. It has a large natural gas-fired generation capacity and has the
lowest proportion of renewables contributing to its total generation compared to the other
nations of the UK. However, the recent closure of Wales' last coal-fired power station and
further expansion of renewable generation capacity suggests Welsh power sector emissions
are likely to continue to fall beyond the 36% drop seen from 2016 to 2017.
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Industry emissions have also fallen by 15% in Wales since 2008, though this change will be 
explained by a combination of the changing structure (and possibly output) of Wales' 
manufacturing sector, as well as improved energy intensity and a shift to lower-carbon fuels. 
Wales has made very significant progress in the waste sector over the past decade, with large 
increases in recycling rates and reductions in the landfilling of biodegradable wastes. 

• Northern Ireland has devolved control of its energy and heat sectors, apart from nuclear
energy, and is a member of the all-island Integrated Single Electricity Market (I-SEM) shared
with the Republic of Ireland. Emissions from the power sector in Northern Ireland have fallen
by 29% since 2008, and renewable generation has increased to 43% of total generation in
2019, one year ahead of their 2020 target of 40%. In May 2020, it was announced that
Northern Ireland's last remaining coal-fired power plant, which does not fall under the UK
Government’s commitment to shut coal plants in Great Britain by 2024, would close.80 Waste
emissions have more than halved (-56%) in Northern Ireland since 2008, though they remain
slightly higher than the UK average per-capita.

Figure 2.9. GHG emissions in Scotland, Wales, Northern Ireland and England 2008-2017 

Source: NAEI (2019) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2017. 
Notes: Emissions data for the devolved administrations are only available up to 2017, though new data for 2018 
were published on 16 June 2020. The Committee will comment on emissions in 2018 in dedicated Progress 
Reports for Scotland and for Wales later this year. 

80 Kilroot has secured a ten-year contract for new natural gas generation to replace the existing coal units, 
see EPUKI (2020) Comment on T-4 Capacity Market Auction Results. 
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Figure 2.10. Greenhouse gas emissions by sector in Scotland, Wales and Northern Ireland 1990-2019 

 Scotland  

Wales 

Northern Ireland 

Source: NAEI (2019) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2017. 
Notes: Emissions data for the devolved administrations are only available up to 2017, though new data for 2018 
were published on 16 June 2020. The Committee will comment on emissions in 2018 in dedicated Progress 
Reports for Scotland and for Wales later this year. No data are available for 1991-1994 or 1996-1997. 
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Introduction 
This chapter looks back at the period since the Climate Change Act was legislated in 2008, and 
highlights policy lessons that are relevant to the period ahead. The UK must take the positive 
lessons from strong performance by the power sector and apply those to the other emitting 
sectors. The critical challenge is to deliver increased ambition overall to match the Net Zero 
target.  

Over half the emissions reductions since the Climate Change Act was passed have come from 
the power sector, where there has been a well-designed, coherent and effective package of 
policies to deliver a high level of ambition on low-carbon investment (Table 3.1). This has clear 
lessons for other sectors that have not implemented full packages of policy and have not 
delivered the transformative change required. 

Reflecting across the UK experience provides examples of both policy success and failure. These 
examples, and consideration of the challenges to come, offer insights into how policy must 
adapt to deliver the Net Zero target. We reflect these in our policy recommendations in chapter 
6.  

We draw out eight lessons that should be applied to policy development in future: 

1. Success is attainable and can be rapid, provided the foundations are in place

2. Direction must be clear and policies must be investable

3. Enabling measures are important, with new challenges approaching

4. Multiple Government departments must work together

5. Fairness must be a key part of policy design

6. Contingency and flexibility are needed – not everything will work

7. National, local and international policy are all needed and can provide good examples

8. The UK can influence international decarbonisation
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Table 3.1. Summary of major active policies aimed at emissions reductions over the past decade 

Transport Grants for electric vehicle purchase and electric vehicle charging infrastructure (2011-present) 

EU new car / van CO₂ 2020/21 regulation which sets decreasing targets on average CO₂ per km for 
new vehicle sales by manufacturer (2009/2011-present) 

Renewable Transport Fuels Obligation supports use of low-carbon fuels in road transport (2007-
present), with waste-based biofuels receiving doubled incentives from 2011 

Industry EU ETS charges large emitters for the carbon they release, though in practice most large emitters are 
exempt (2005-present) 

Various energy taxes introduced including the CRC energy efficiency scheme (2010-2019) and the 
Climate Change Levy (2001-present) 

Buildings Carbon Emissions Reduction Target (CERT) placed an obligation on the UK's six major gas and 
electricity suppliers to improve the energy efficiency of existing households (2008-2012). This was 
replaced by the Energy Company Obligation (ECO, 2012-present). 

Community Energy Saving Programme (CESP) funded efficiency measures via an obligation on 
energy suppliers &electricity generators (2009-2012)  

Green Deal funded subsidised loans for energy efficiency improvements in homes (2013-2015) 

Renewable Heat Incentive (RHI) reimburses households and small businesses who generate heat 
through low-carbon sources  (2012-present) 

EU Ecodesign directive improves the product standards of an array of products (2009-present) 

Power Electricity Market Reform introduced Contracts-for-Difference, a capacity market, an emissions 
performance standard and a carbon price floor (2011-present) 

UK Green Investment Bank (2012 - 2017) provided investor confidence to invest in low-carbon 
industries such as Offshore wind 

Feed-in Tariffs (2009-2017) and Renewables Obligation (2005-2017) provided payments to 
renewable electricity generators  

EU air quality standards mandated filtration technologies at large power stations (2001-present) 

The EU Emissions Trading System caps power emissions across Europe (2005-present) 

Agriculture 
& LULUCF 

No major policies introduced. EU Common Agricultural Policy continues to be the main source of 
funding for tree planting. 

Aviation No major UK policies, but various reforms to Air Passenger Duty (1994-present) have distinguished 
between long/short-haul flights. Intra-EU flights were included within the EU ETS from 2012 

Shipping No major UK policies. Internationally, IMO's MARPOL Annex VI sets limits on pollution (2005-
present) & new ship energy efficiency requirements (2011-present) 

Waste Landfill Tax (1996-present) rates increased rapidly during 2008-2014. Resulting waste gate fees were 
main driver for expansion in energy from waste plants 

Renewables Obligation supported energy from waste plants, and provided landfill operators an 
incentive to capture methane to generate electricity 

Devolved administrations implemented waste strategies and policies, mainly designed to increase 
recycling rates and reduce landfilling 

F-gases EU F-gas regulation mandates phase out most of the highest GWP F-gases (2015-present) 
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1. Success is attainable and can be rapid, provided the foundations are
in place 
Although not sufficiently widespread, the UK has had notable successes where high ambition 
has been adopted and backed by a well-designed package of policies. Recent history has 
demonstrated the effectiveness of regulation, taxes and incentives. The combination of different 
policies can be especially effective, for example the use of an instrument such as carbon pricing 
alongside support for technology development (e.g. renewables policy). 

Alongside rapid falls in power sector emissions, strong progress has occurred in the costs of key 
low-carbon technology, appliance efficiency (including boilers) and waste: 

• Emissions from the power sector fell by 67% from 2008 to 2019.81 Coal-fired power
generation has fallen from a share of 41% in 2012, the year before the carbon price floor was
introduced, to 2% in 2019.82 These reductions were driven by an effective policy combination
with a clear direction, strong investable incentives and enabling measures.

• Offshore wind costs have fallen from £140-150/MWh for new projects in 2014 to around
£40/MWh83 - below the cost of new gas-fired generation - for projects coming online in the
mid-2020s. Solar and batteries have also seen rapid cost reductions: PV modules and battery
prices have both fallen by over 80% since 2010.84 Cost reductions reflect a combination of
government policy and industry innovation. Government policy reduced risk and cut finance
costs (e.g. by providing long-term contracts for renewable power). Industry innovation
benefited from learning-by-doing, making the most of economies of scale and falling
financing costs as confidence in new technologies grew with their deployment.

• Energy efficiency improvements have been seen across much of the economy. Product
standards at the EU level have reduced the energy intensity of many household and business
appliances and lighting. UK regulations on gas boilers have seen efficient condensing boilers
rolled out extensively. In combination these have contributed to reductions in household
energy bills since 2008, despite increased wholesale costs of gas and costs of supporting
renewable generation.

• The past decade has also seen a continuation of the trend of decreasing waste sent to
landfill. This has come about primarily as a result of a landfill tax being introduced in 1996,
and being significantly increased over time, thereby driving recycling, composting and
energy recovery options in the waste sector.

These experiences clearly demonstrate that progress is attainable given sufficient ambition and 
careful policy design. In fact, where strong action has been taken, progress is often more rapid 
than expected: 

• For example, in our 2011 Renewable Energy Review, the Committee considered offshore 
wind costs falling only to £75-120/MWh by 2030 (the present price is ~£40/MWh). Power 
sector emissions have also fallen faster, and coal plants closed more quickly, than expected 
in the Committee's early reports from 2008. 

81 BEIS (2020) 2019 provisional and 2018 final emissions data, CCC calculations. 
82 DUKES (2020) Energy Trends 5.1, DUKES (2020) Energy Trends 6.1. 
83 2012 prices, Contracts for Difference (CfD) Allocation Round 3: results. 
84 BNEF (2019) 2019 Battery Price Survey, IRENA (2020) Cost-competitiveness of Renewable Energy.  
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• However, other areas, notably low-carbon heat, energy efficiency of buildings and carbon
capture and storage (CCS), have progressed more slowly than expected. Although policies
existed for these areas they were not part of well-designed packages that addressed the
barriers to take-up.

But even where progress has been quick it has not always been immediate: 

• Offshore wind costs initially increased before they came down (in part that reflects the fact
that the transitional period to the new electricity market arrangements did not involve
competitive pressure in the award of contracts).

• While renewable generation increased strongly and electricity demand fell from 2008 to
2012, coal-fired power did not decline and emissions intensity remained high up to 2012.
However, the higher and growing level of renewable generation alongside falling demand
created the conditions to allow very rapid falls in coal-fired generation and emissions
intensity after 2012 as the UK strengthened the carbon price and fossil fuel prices favoured
gas generation.

That experience emphasises the importance of putting strong foundations in place and 
designing policy to drive change over a sustained period. Looking forward, the transport sector 
appears to be better placed than the buildings sector, despite prevailing emissions trends: 

• Surface transport emissions in 2019 were at around the same levels that they were in 2010.
That reflects an increase in demand and a move towards larger vehicles offsetting
improvements in efficiency. However, progress with electric vehicles in the last decade has
laid a foundation from which more rapid progress may be possible.

‒ The proportion of new sales that are electric vehicles has risen, from less than 0.1% in
2010 to 3.1% in 2019.85

‒ A far larger range of electric vehicle models are now available, and those that are
available offer better range and a better customer proposition. Customer awareness of 
electric vehicles is also far higher than a decade ago, and attitudes towards them more 
positive. 

‒ A substantial charging network is in place and continuing to grow (which is required). 

• Although buildings emissions have fallen 14% from 2008 to 2018, the sector is not well
placed for the transition to zero emissions. This emphasises the huge challenge for the
buildings sector and the importance of the Government's coming Buildings and Heat
Strategy (see chapter 6).

‒ New buildings, which will still be standing in 2050, continue to be built with fossil fuel
heating. In fact, there are over a million more homes requiring zero-carbon retrofits now 
than when the Climate Change Act was passed. 

‒ The uptake of low-carbon heating systems is almost negligible (less than 30,000 
installations in 2019, whereas over a million a year will be needed by the early 2030s). 

85 SMMT (2010, 2019) Electric Vehicle Registration Statistics. Note that in May 2020, the proportion, which was 

affected by COVID-19, was 12%, see Next Green Car (2020) Online Statistics.
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‒ Supply chains are not yet in place for a rapid scale-up in installations, and numbers of 
skilled installers are low. Customer experience has too often been poor, both in making 
the change and in the performance of the installed product. Wider consumer awareness 
remains low.  

Progress also brings wider benefits. For example the value of UK exports of wind and marine 
energy products and services is now estimated to exceed £500m per year.86 

However, as set out in the rest of this report, success has not been universal across the UK and 
significant policy strengthening is required. 

2. Direction must be clear and policies must be investable
Policy needs to be robust, clear and long-term to achieve the best results from the market. Once 
a market has been given clear standards and goals to achieve, and an investable mechanism to 
deliver it, firms operating within that market can respond in good time. 

The UK power sector has seen the strongest policy action in the UK and benefited from global 
tailwinds such as decreasing technological and financing costs. Progress has resulted from an 
effective and well-designed package of policies including a clear direction and strong investable 
incentives: 

• A clear direction. Since the Climate Change Act was passed, it has been widely understood
that the power sector would have to decarbonise heavily (e.g. from 500 gCO₂/kWh in 2010 to
50-100 gCO₂/kWh by 2030).87 The Government signalled its desire for offshore wind to play a
large part and announced a date for the phase-out of coal-fired generation (originally 2025,
now 2024) that went beyond existing European directives placing limits on coal.

• A stable, predictable carbon price. The UK introduced a carbon price floor in 2013 to
underpin the price in the EU Emissions Trading System (EU ETS).

• An investable market instrument. Long-term contracts for renewable power generation
were announced in 2011, to be awarded by competitive auction. Emerging technologies (e.g.
offshore wind) were explicitly supported in addition to more mature options.

• Product standards. European efficiency standards for lights and household appliances
drove down electricity use as products were replaced over time.

Alongside this clear direction and investment instruments were a strong set of enabling policies 
(see below). 

The EU’s ecodesign directive and UK Boiler Regulations achieved success through direct 
regulation, driving a steady increase in energy efficiency. 

The F-gas sector provides an example of where the market made calls for new regulation targets 
to reduce use of F-gases with high global warming potentials (GWPs) before governments took 
action. Since the EU introduced long-term reduction targets on F-gas emissions, there has been 
innovation from the market, with low-GWP aerosols beginning to be rolled out.  

86 RenewableUK (2019) Export Nation: UK Wind, Wave and Tidal Exports 2019. 
87 BEIS (2020) 2019 provisional and 2018 final emissions data and DUKES (2020) Energy Trends 5.1; CCC analysis. 
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The agriculture sector has had a clear objective (to reduce emissions by 3 MtCO₂e by 2022),88 but 
it relied on a voluntary approach to deliver it, which did not provide strong enough incentives to 
act. 

The UK Government is beginning to provide clearer direction for the cars and vans market by 
consulting on a phase-out date for petrol and diesel vehicles by 2035 or earlier. The Government 
also pledged 30,000 hectares of tree planting per year in its manifesto. However, the future 
direction for buildings and industry remains unclear. Furthermore, while a clear direction is 
important it is insufficient on its own - each of these sectors will also need instruments to drive 
investment. 

By providing more confidence in the future direction of the market, it may be possible to secure 
benefits for UK industry, encouraging supply chain players to locate in the UK.  

3. Enabling measures are important, with new challenges approaching
Part of the success of the power sector reflects a systematic approach to tackle barriers that 
could otherwise impede progress and to enable actions to speed up progress. 

• The Green Investment Bank was set up to plug potential gaps on financing low-carbon
technologies such as offshore wind and to 'crowd in' private investors, while making
commercial returns.89

• Issues such as planning, leasing of seabed sites, radar issues relating to wind farms, were
identified and dealt with before impeding progress.

• Alongside instruments to drive deployment of renewables, new approaches were introduced
for grid connections and reinforcements (although there remains scope to improve these).

• Public-private groups were convened with industry (e.g. the Offshore Wind Industry Council)
to identify blocks and speed up deployment. Knowledge sharing platforms and research
centres were also set up to support innovation and its diffusion (e.g. the Offshore Renewable
Energy Catapult).

Notable policy failures of the last decade failed to address a wide enough range of barriers. For 
example the Green Deal tackled finance availability for buildings energy efficiency without 
tackling other barriers or offering a strong enough incentive to make changes (in part because of 
high interest rates).90 The Renewable Heat Incentive offered generous returns, but was not 
supported by a package of measures to encourage and enable customers to make changes 
easily. 

To enable progress beyond the power sector and towards the Net Zero target, new challenges 
will need to be tackled: 

• Members of the public will need to be much more actively involved in the transition - buying
electric cars instead of petrol or diesel models, installing energy efficiency and low-carbon
heating in their homes, and shifting their consumption choices.

• Parts of the workforce will need to move into new jobs and learn new skills to meet the
needs of the transition.

88 DEFRA (2017) The Greenhouse Gas Action Plan for Agriculture. 
89 Green Investment Group (2015) UK Green Investment Bank announces first close on world’s first offshore wind fund. 
90 National Audit Office (2016) Green Deal and Energy Company Obligation. 
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• Major infrastructure changes will be required, for example for Carbon Capture and Storage
CCS and hydrogen.

• Barriers to change in the land sector must be addressed and greater guidance for people /
businesses working in the sector is needed, for example through support for tenant farmers.

Success in tackling these new challenges will be integral to success in meeting the Net Zero 
target. 

4. Multiple Government departments must work together
Decarbonisation is a cross-cutting issue and there are complex interactions between different 
sectors. To make the necessary changes, there must be increased collaboration and coordination 
between different Government departments. 

One example of success is the joint introduction of the landfill tax in 1996 by the then 
Department for Environment and HM Customs & Excise - this tax continues today and has led to 
significant decreases in the amount of waste landfilled. 

The Electricity Market Reform that drove progress in the power sector was led by the energy 
department, but would not have succeeded without sufficient funding being signed off by the 
Treasury. However, this process has faced difficulties as forecast spend exceeded the Treasury's 
Levy Control Framework.91  

As deeper decarbonisation continues, the buildings sector offers a good example of the wide 
range of departments that will need to be engaged and co-ordinated: 

• The Department for Business Energy and Industrial Strategy (BEIS) will need to make
national-level decisions on how to decarbonise the existing building stock (e.g. the future of
the gas grid) and design mechanisms to drive a major scale-up in low-carbon heat and
energy efficiency. BEIS will also have a key legislative role in gas sector legal requirements,
energy network company licence obligations, gas or electricity market reforms and the legal
status of interconnectors.

• HM Treasury will need to determine how these measures will be financed, balancing the
financing of costs between taxpayers, billpayers and building owners (e.g. landlords).

• The Department for Education and the Institute of Apprenticeships, along with BEIS, will
need to consider how to build the skills in the workforce required to deliver a low-carbon
housing stock.

• Devolved Governments and the Ministry of Housing Communities and Local Government
will need to implement building standards and energy efficiency policy, ensuring that these
take into account safety, climate resilience and indoor environmental factors at the same
time, so that an improvement in one is not to the detriment of  another.

• Local authorities will need to enforce regulations, deliver low-carbon public housing and
ensure the impacts of any new developments on wider local services (e.g. public transport)
are considered. They should also have a key role in local area energy planning. Ofgem and
the network operators will also have important roles to play.

91 NAO (2016) The Levy Control Framework.  
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Success in the buildings sector, and indeed all sectors, will require that the different arms of 
Government increase their co-ordination significantly. This report includes a list of 
recommendations by Government department covering both mitigation and adaptation. 

5. Fairness must be a key part of policy design
Over the past decade, fairness has rightly emerged as a key theme in climate policy. The COVID-
19 crisis has further highlighted differential impacts and reinforced the importance of equitable 
policy design. 

Climate policies that fail to consider the need for a just transition and the fair distribution of 
costs in their formulation, announcement and delivery, risk being derailed due to public concern 
over regressive impacts (real or perceived): 

• This has been seen in the UK, where concern over costs being passed onto energy bills led to
a reduction in the funding envelope available for improving the energy efficiency of homes
(despite the fact that energy efficiency provides a route to reducing bills in the longer term).

• France offers another warning of the backlash that can occur. In 2018, the so-called Gilet
Jaunes protested at the introduction of a diesel tax that would have increased the price of
fuel. After weeks of protests, the government dropped the proposal and announced it would
look into alternative solutions to transition towards lower-carbon fuels.

Work is underway to provide better evidence on these issues in the UK: 

• The Scottish Government has established a Just Transition Commission to advise on how fair
transition principles can be applied to climate change action in Scotland. The Commission
published its interim report in February 2020, identifying the need to: develop transition
plans; engage widely with society; develop policy to share costs and avoid unfair cost
burdens; and begin acting now to address inequalities.

• The UK Treasury is conducting a review into the costs of transition and how these can be
shared fairly, as recommended by the Committee.

The last decade has shown that low-carbon policy costs are not spread evenly across electricity 
and gas bills, with the majority of the costs passed to consumers through levies on electricity.92 
This means that consumers who use disproportionately more electricity, often in homes heated 
with electric resistive heating, have been more adversely affected by these levies. Addressing 
such inequities in the coming decades will be critical as low-carbon heating is rolled out across 
the building stock - which at least initially will add costs, and will entail more households using 
electricity to power their heating systems. Where this cost lies will largely be a policy decision of 
the Government. 

More broadly, low-carbon policy costs are not balanced across the economy – some sectors, 
such as aviation and shipping, may have to pass a greater degree of decarbonisation costs onto 
their end customers. International competitiveness in these sectors provides an additional 
challenge.  

It is important to consider not just the socio-economic distribution of costs, but also the regional 
aspects. Many of the measures that need to be taken will have geographically distributed costs 
and benefits. For example, the North East of England has benefited from investments in the 
offshore wind supply chain. 

92 CCC (2017) Energy Prices and Bills. 
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Many former industrial regions have the potential to become one of the UK's CCS (and 
potentially hydrogen) hubs, and benefit from the associated increase in jobs and economic 
activity. It is also apparent that the costs may be higher than average in some regions of the 
country. Areas where the building stock is particularly old are at risk of incurring higher cost if 
policy is not well designed and collaboration with local communities and authorities is vital.  

The importance of key workers during the COVID-19 pandemic has been clear. The transition to 
Net Zero, as well as the response to climate change itself, will require its own key workers. For 
example, huge numbers of installers will be required to retrofit buildings with energy efficiency, 
low-carbon heating and measures to improve their climate resilience. Some workers in polluting 
industries will need to be retrained. Landowners and farmers will need to cope with increasingly 
unpredictable weather and adopt lower-carbon farming practices. 

Identifying who these workers are (or could be) and determining the best way to support them 
needs to be a key consideration in a just transition.  

6. Contingency and flexibility are needed – not everything will work
It is inevitable that not every area of policy action can deliver its intended impact and this means 
that planning for the coming decades needs to be comprehensive and realistic about the risks to 
success. In practical terms, this means building contingency into decarbonisation plans to allow 
for areas where progress falls short.  

Where shortcomings have emerged over the previous decade, they have tended to fall into one 
of three categories: 

• Withdrawing policy support. At times, policy has been withdrawn with minimal notice, or
functioning schemes have been scrapped.

‒ In 2015, the Government cancelled its CCS Commercialisation Programme, which set
back development and was a negative signal to business.  There was a re-commitment to 
carbon capture utilisation and storage (CCUS) in the Government's Clean Growth 
Strategy in 2017, followed by its CCUS Action Plan in 2018. This plan was welcome but 
did not re-instate the £1bn of funding previously withdrawn. Much work remains to be 
done. 

‒ In the same year, the Government cancelled the UK’s Zero Carbon Homes policy. 

‒ Feed-in Tariffs (FIT) also suffered from cuts to rates with little notice. 

‒ Energy efficiency installations have been consistently low since changes to policy in 
2012, falling over 90% over the period. 

‒ Withdrawing policies can damage faith in Government policy and reduce business 
willingness to invest, while also impacting the Local Authorities that may have 
incorporated the Government policy as a key pillar in their own plans. Policy should be 
designed to provide certainty to businesses and consumers and frequent changing of 
policy should be avoided. Where it is agreed that a policy is failing, it should be revised or 
replaced, not merely scrapped. 

• Initial mis-design and lack of subsequent flexibility. Some policies have not succeeded
due to an initial mis-design, followed by a lack of flexibility. There have been instances where
ill-suited policy has been left in place for long periods, when a more flexible approach could
have corrected it.
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‒ For example, the level of Renewable Heat Incentive (RHI) tariffs provided a 
disproportionate incentive for domestic biomass boilers compared to other 
technologies.93 Similarly, the Feed-in Tariffs (FITs) and Renewables Obligation (RO) 
policies saw significant increases in deployment as the costs of renewables fell, meaning 
spend exceeded initial forecasts. 

‒ The Green Deal too suffered from a lack of flexibility after initial poor design, which was 
heavily criticised at the time.94 

‒ Best practice should ensure that policy is well designed up-front and is flexible to 
changes if needed. A wide pool of stakeholders should be engaged, including local 
authorities. Where changes are required, they should be done in collaboration with end 
users and signalled in advance.  

• Compliance issues. Some regulation has been effective on paper but failed to deliver in the
real world.

‒ For example, the inadequacies with the New European Driving Cycle (NEDC) testing of
vehicles has meant vehicles have not been as efficient in practice as intended by the 
regulations. A new framework has been introduced; the Worldwide Harmonised List 
Vehicles Test Procedure (WLTP). The need to transition between the two makes tracking 
progress over time more difficult, and holds its own risk of gaming. 

‒ Energy Performance Certificate (EPC) ratings too have had issues with inconsistent or 
inaccurate estimations and measurements, leading to the likelihood that homes that do 
not meet efficiency standards can be rented.95  

The Government should design policies to be effective as far as possible from the outset and 
avoid chopping and changing unnecessarily. Ultimately, not everything will work as planned, so 
the Government must aim for higher than the minimum, be prepared to take action knowing 
that mistakes may occur, and budget for high costs at times, particularly in areas of emerging 
technology (e.g. as in the case of offshore wind). 

7. National, local and international policy are all needed and can provide
good examples 
Achieving Net Zero requires action to be taken on multiple levels of governance, ranging from 
the local level to international. Progress has been made on all fronts, and there are positive 
examples across different governance levels.  

• Local authorities. More than two thirds of local authorities have now declared a climate
emergency and have set or are setting Net Zero targets. This provides an opportunity for an
increased role in delivering the Net Zero transition, provided it is backed up with the relevant
resources and support from central Government (see Section 3 of chapter 6).

• Cities and towns. Many cities led the national government in their climate ambitions over
the previous decade (e.g. London produced its plan to achieve Net Zero ahead of the UK as a
whole). Similarly we have seen effective, and often innovative, policies being rolled out at the
city level.

93 National Audit Office (2018) Low carbon heating of homes and businesses and the Renewable Heat Incentive. 
94 National Audit Office (2016) Green Deal and the Energy Company Obligation.  
95 BEIS, MHCLG (2018) Call for evidence Energy Performance Certificates for Buildings.  
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• For example, Nottingham introduced a Workplace Parking Levy, and re-invested the
revenues into public transport infrastructure, leading to significant decreases in congestion
and CO₂ emissions, without reducing the number businesses operating in the area.96,97

Warrington has issued a Community Municipal Bond to invest in solar PV.

• Scotland and Wales have often led the way within the UK at tackling challenging areas for
emissions reduction:

‒ Scotland’s Energy Efficient Scotland strategy has set out a long-term plan for
decarbonising buildings, with clear standards set well in advance and backed up by 
regulation. That includes a proposal that all residential properties in Scotland will need to 
be EPC band C. Measurement of these standards will be key to ensuring success. 

‒ Scotland's Just Transition Commission was founded in 2019 to advise on how to achieve 
an inclusive, Net Zero economy. 

‒ Wales has increased its recycling rates, leading the UK and having one of the highest 
rates in the world. It is now aiming for 70% recycling by 2025 and recently published its 
"Beyond Recycling" strategy.98 

‒ The Well-being of Future Generations Act was introduced in Wales in 2015, requiring that 
select public bodies take into account the long term social, economic, environmental and 
cultural well-being of Wales. 

• International governance.

‒ The EU has played a key role in developing climate policy that has impacted the UK.
Examples of this over the past decade are numerous and span many sectors (e.g. the EU 
Emissions Trading System, emissions standards for cars and vans, products policy, the 
Renewables and Waste Directives). 

‒ While the UK’s future relationship with the EU is yet to be determined, the nature of 
international markets mean some coordination will still be required. Vehicles cross 
borders, so will require some coordination of infrastructure solutions (e.g. specifications 
of electric vehicle chargers). Some product designs will only be influenced by markets 
larger than the UK alone, so product standards will need some alignment. 

‒ For globally-competitive industries, policies will be most effective when implemented as 
widely as possible internationally. For example, the key levers for shipping and aviation 
are being driven by the International Maritime Organisation and the International Civil 
Aviation Organisation. Where international sectoral deals cannot be secured, trade policy 
may have an increasingly important role in policy, for example with carbon border tariffs. 

‒ International examples can help design of policy elsewhere. For example, the Committee 
has pointed to the Australian NABERS scheme as good practice policy for decarbonising 
commercial buildings (Section 6.3.a). 

Coordination between different levels of government will be vital to ensure that their policies 
are aligned and additive. Policy developed and trialled at local or city level provides an 
opportunity for refinement and evidence to be built, which can then be utilised when 
determining national policy.  

96 Centre for Cities (2017) Funding and financing inclusive growth in cities.  
97 Forbes (2019) Nottingham’s Workplace Parking Levy creates jobs, cuts car use and slashes pollution. 
98 Welsh Government (2019) Beyond Recyling: A strategy to make the circular economy in Wales a reality. 
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8. The UK can influence international decarbonisation
The UK currently represents around 1% of global GHG emissions.99 Future increases in climate 
hazards will largely depend on the evolution of global emissions. Therefore, UK decarbonisation 
must drive significant reductions in global emissions to minimise increases in UK climate 
hazards. As the UK is a rich country, with a large contribution to climate change from past 
emissions, there is also an obligation on the UK to support the global effort under the 'common-
but-differentiated-responsibilities' of the United Nations Framework Convention on Climate 
Change and the Paris Agreement.  

Climate policy efforts in the UK over the past decade have shown that UK efforts can have an 
international impact through several mechanisms:100  

• Creating an example of an effective climate governance framework. The framework of
the Climate Change Act has thus far been successful in helping to maintain widespread
political support for action to reduce UK emissions and provide stability for business. Several
other countries have followed the UK's example in creating national climate legislation, with
some (e.g. New Zealand and Mexico) based directly on the UK model. 101

• Demonstrating that economic growth and decarbonisation are compatible.
Maintaining economic growth to help lift their populations out of poverty is a key priority for
many large emitters. The UK's record of achieving emissions reductions in both its territorial
and consumption emissions accounts, while growing the economy, is an example with
considerable international resonance and can help stimulate further action by other
industrial and developing regions at COP26 and beyond.

• Deploying emerging low-carbon technologies which drive down the costs for the world
as whole. The rapid cost reductions in technologies such as offshore wind have been driven,
in large part, through deployment, including in countries such as the UK. These deployment-
driven cost reductions make large-scale deployment in big emitters more likely in the future
and have contributed to the prospect of global emissions beginning to fall in the near future.

• Maintaining a proactive international climate policy. The UK has a strong established
reputation as one of the largest development aid donors and is respected for its efforts to
help support vulnerable countries dealing with the impacts of climate change. This has
helped the UK play an important role in the international climate negotiations (including
through the EU) that resulted in the global Paris Agreement on climate change.

As UK domestic emissions continue to reduce on the path to Net Zero, efforts to leverage these 
reductions internationally will become an ever more important part of the UK’s contribution to 
tackling global climate change. Holding the Presidency of COP26, and in 2021 of the G7, 
represents an opportunity for the UK to further leverage these key elements from the past 
decade, as well as to refresh its international approach as it sets out the course towards reaching 
Net Zero by 2050.  

99 On a territorial basis. 
100 Betts, P. (2019) Chair's Summary Report of the International Advisory Group to the Committee on Climate Change in 
relation to its work on the UK’S Long-Term Emissions Goal.  
101 Averchenkova, A. & Guzman Luna, S. (2018) Mexico’s General Law on Climate Change: Key achievements and 
challenges ahead; Fankhauser, S., Averchenkova, A. & Finnegan, J. (2018) 10 years of the UK Climate Change Act. 
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Introduction 
In this chapter, we review progress in reducing emissions in the last year, track our indicators for 
each sector and outline recent policy developments. 

Total greenhouse gas (GHG) emissions fell by 3.2% in 2019 to 480 MtCO₂e.102 To achieve Net 
Zero, the UK needs to achieve an average emissions reduction of around 15.5 MtCO₂e per year103 
over the next 30 years, similar to the 16 MtCO₂e achieved in 2019.  

As was the case for much of the 2010s, the 2019 reduction was predominantly driven by 
progress in decarbonisation of the power sector. Of the other sectors for which there are 
provisional estimates of 2019 emissions (industry, surface transport and buildings), all of them 
have decreased since 2018 between 1-2%. Surface transport emissions fell despite an overall 
increase in the number of vehicle-miles driven (Table 4.1).  

The remaining sectors (which sum to around a quarter of total UK emissions) are assessed on 
changes between 2017 and 2018 (the latest data). Here the story is more mixed: three sectors 
had rising emissions (shipping, aviation and waste) and two were falling (agriculture and F-
gases). The net sink from land use, land-use change and forestry (LULUCF) increased by 2%. 

As future emissions reductions require action now, we also track 21 indicators of progress (Table 
4.1). The UK is only on track for four of these indicators, two of which are in the power sector.104  

Policy progress is discussed in this chapter, sector by sector. Most of the progress on the priority 
policy actions outlined in the 2019 Progress Report has been partial, or policies remain under 
development, with only two milestones being fully achieved (Table 4.2).  

The coming year is therefore crucial. The delay of COP26 to November 2021 provides a window 
to address this policy deficit and establish a credible internationally-leading position. The key 
remaining elements of the net-zero policy package must be put in place in the coming months, 
early enough to demonstrate the UK's credentials ahead of COP26. 

We present the rest of this chapter in three sections: 

1. Summary of emissions reductions in the last year

2. Key indicators of progress

3. Summary of overall policy developments

102 This refers to UK territorial emissions plus the UK's share of international aviation & shipping emissions. 
103 Forthcoming revisions to peatland emissions estimates and global warming potentials will imply that a slightly 
higher rate of reduction is required. 
104 The number of indicators being tracked this year is fewer than previous years. Industry indicators have been 
omitted as new indicators are currently being developed. 
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1. Summary of emissions reductions in the last year
The provisional emissions estimate published by BEIS for 2019 does not include complete 
estimates of greenhouse gas emissions across each sector of the economy. We therefore use: 

• The BEIS estimates of CO₂ emissions in 2019, based on fuel consumption across the major
'energy system' sectors (power, buildings, industry, surface transport and domestic aviation
& shipping).

• CO₂ emissions from other sectors are held constant from their final BEIS estimates for 2018
(waste, agriculture, LULUCF).

• Emissions from international aviation & shipping in 2019 are assumed to be equal to the final
BEIS estimates for 2018.

• Non-CO₂ emissions are assumed to fall in line with the latest BEIS EEP projections for 2018-19.

These estimates may vary slightly from final BEIS data for 2019, which will be published early in 
2021. For example, in our 2019 Progress Report we reported the power sector emitting 65 
MtCO₂e in 2018, which was subsequently revised up to 66 MtCO₂e. Similarly, industry was 
estimated to have 104 MtCO₂e of emissions, which was subsequently revised down to 103 
MtCO₂e.105 

In 2019, for the sixth consecutive year, the sector with the largest percentage reduction in 
emissions was the power sector (Figure 4.1). Emissions reductions in the power sector accounted 
for 54% of the overall fall in CO₂ emissions in 2019: 

• Surface transport. Surface transport is the largest-emitting sector in the UK, accounting for
24% of UK emissions in 2019. Emissions increased between 2014 and 2017, but this trend
reversed in 2018, when emissions reduced by 1.5%, with provisional data indicating a further
decrease of 2.2% to 113MtCO₂e in 2019. Emissions from all major modes of transport
decreased in 2018, with the largest reduction of 1.2 MtCO₂e (-1.8%) from cars. Demand for
car travel increased slightly, albeit at a lower rate than previous years, which was more than
offset by a combination of improved fleet fuel efficiency and increased use of biofuels.

• Industry. Direct GHG emissions from industry, covering both traded and non-traded
emissions (i.e. inside and outside the EU ETS), fell by 1% to 102 MtCO₂e in 2019. Emissions
were 53% below 1990 levels and continue to account for 21% of all UK emissions.
Manufacturing (including construction and waste and water management) contributed to
62% of direct industrial GHG emissions, and fossil fuel supply (i.e. petroleum refining, fossil
fuel production and fugitive methane emissions) comprised 38%. In addition to these direct
emissions, industry consumed almost a third of UK grid electricity.

• Buildings. Actual emissions from buildings decreased by 1.3% to 87 MtCO₂e in 2019,
reversing the previous trend. When emissions are adjusted for winter temperatures, in
particular the extreme cold weather in February 2018, the underlying change was a 0.1%
increase in emissions from buildings. On this temperature-adjusted basis, residential building
emissions fell by 0.5% whilst non-residential building emissions increased by 2.3%. This small
overall rise of 0.1% follows a 1% fall from 2017-18. As in 2018, emissions from buildings
remain higher at present than in 2015 (both on an adjusted and unadjusted basis).

105 ONS (2020) 2018 UK Greenhouse Gas Emissions, Final Figures. 
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• Power sector. Emissions fell by 13% in 2019 to 57 MtCO₂e and are now 72% below 1990
levels. Emissions intensity continued to decrease, for the seventh consecutive year, reducing
10% to 221 gCO₂/kWh. Low-carbon generation in 2019 (160 TWh) accounted for a record
high share of 56% of total UK generation. Specifically, renewable generation increased by 9%
to 109 TWh in 2019.

Figure 4.1. Change in CO₂ emissions, 2018-2019 

Source: BEIS (2020) 2019 UK Greenhouse Gas Emissions, Provisional Figures; BEIS (2020) 2018 UK Greenhouse Gas 
Emissions, Final Figures; CCC analysis.  
Notes: A provisional estimate of CO₂ emissions in 2019 has not been published for international aviation and 
shipping (IAS) or the other sectors that are omitted from this chart. 

Emissions data for international transport and for sectors with large shares of non-CO₂ 
greenhouse gas emissions are produced with a one-year lag, so emissions in the following 
sectors are only available up to 2018 (Figure 4.2): 

• Aviation. Total aviation emissions increased by 0.8% from 2017 levels to 39.3 MtCO₂e in
2018. Within this, emissions from international flights increased by 1.1% to 36.7 Mt,
emissions from domestic flights fell by 5.9% to 1.5 Mt, and emissions from military aviation
fell 0.6% to 1.1 Mt. Overall, emissions from domestic and international aviation in 2018 were
124% above 1990 levels.

• Shipping. Total shipping emissions increased by 0.2% from 2017 to 14.3 MtCO₂e in 2018.
Emissions from international journeys fell by 0.2% to 7.9 Mt, emissions from domestic
journeys increased by 0.2% to 5.9 Mt, and emissions from naval shipping increased 6% to 0.5
Mt. Overall, emissions from domestic and international shipping in 2018 were 17% lower
than 1990 levels.
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• Agriculture. Emissions from agriculture decreased by 1% from 2017 to 45.4 MtCO₂e in 2018
(9% of all UK emissions). Emissions from agriculture were 16% below 1990 levels, but there
remains no progress in reducing emissions from agriculture since 2008. Methane accounted
for 56% of emissions from agriculture in 2018 and, as in 2017, almost half of total agriculture
emissions were from the digestive process of livestock. 31% of emissions are from N2O.

• Land use, land-use change and forestry (LULUCF). The sector is a net carbon sink, which
increased by 2% from 2017 to -10.3 MtCO₂e in 2018. The inclusion of emissions from
peatland in future inventories is expected to make the LULUCF sector a net source of
emissions.106

• Waste. Total emissions from waste increased by 1% from 2017 to 20.7 MtCO₂e in 2018, and
were 69% below 1990 levels. 70% of emissions from the waste sector in 2018 were methane
from the decomposition of biodegradable waste in landfill.

• F-gases. F-gas emissions fell by 8% from 2017 to 13.8 MtCO₂e in 2018. This has been driven
by the EU-wide cap on the use of F-gases, particularly in refrigeration and air conditioning
units.

Figure 4.2. Change in greenhouse gas emissions, 2017-2018 

Source: BEIS (2020) 2019 UK Greenhouse Gas Emissions, Provisional Figures; BEIS (2020) 2018 UK Greenhouse Gas 
Emissions, Final Figures; CCC analysis. 

106 CCC (2019) Progress Report to Parliament, Box 1.1. 
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2. Key indicators of progress
We track progress towards meeting carbon budgets and the 2050 target through the use of 
indicators, which both help to explain progress to date in reducing emissions and provide a 
guide to likely future reductions. The indicators are based on our assessment of the cost-
effective path to meeting the targets, based on the Committee’s scenario work.  

The indicators are not intended to be prescriptive – as long as sufficient overall progress is made, 
it may be appropriate to outperform some indicators and underperform on others. However, 
once behind on an indicator, it can require more effort to get back to the target level. 

Progress is generally off-track in most sectors, with only four out of 21 of the indicators on track 
in 2019 (Table 4.1). This represents no change from the previous year where the same four of the 
21 indicators were met. The gap is closing on other indicators, for example F-gas emissions 
where strict EU regulations and industry innovation are driving progress. 14 of the indicators 
tracked have moved in the right direction since our last Progress Report, the remaining 7 are 
worse than the previous year (see red/green arrows in Table 4.1).  

The indicators will be revised in next year's Progress Report to align to the new net-zero target 
for 2050 and our assessment of the sixth carbon budget pathway. This is likely to entail both 
reassessment of the level of indicators, to reflect the need for more rapid deployment (e.g. of 
electric vehicles), and a broadening of the indicator set (e.g. on the demand side). 
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Table 4.1. Assessment of key indicators 

Sector 
Measure 

2019 
Indicator 

Actual Unit Met?  

Transport 
(24% of 

emissions 
in 2019) 

New car CO₂ emissions* 
-3.9% -3.7%

NEDC

0% WLTP 

% change from previous 
year ▼

New van CO₂ emissions 149.2 165.9 gCO₂/km ▼

Electric car registrations 5.3 3.15 % market share ▲

Biofuel uptake 7.3 4.0 % of fuel sales by energy ▲

Vehicle distance driven 560.2 530.6 Billion-kms ▲

Industry 
(21%) 

New indicators for the industry sector will be introduced next year. 

Buildings 
(18%) 

Lofts insulated 545,000 27,000 Installations per year ▼

Cavity walls insulated 200,000 41,000 Installations per year ▼

Solid walls insulated 90,000 11,000 Installations per year ▼

Heat pumps 
installed*** 

>30,000 26,000 Installations per year ▲

Low-carbon heat** *** 7.0 7.0 % of heat demand ▼

Power 
(12%) 

Grid emissions intensity 314 221 gCO₂/kWh ▼

Total renewable 
generation 

93 103 TWh ▲

Agriculture 
(9%)*** 

Non-CO₂ emissions 36.9 39.7 MtCO₂e ▼

Soil emissions 10.2 11.4 MtCO₂e ▼

Enteric emissions 20.2 21.2 MtCO₂e ▼

Nitrous oxide emissions 13.2 14.3 MtCO₂e ▲
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Table 4.1. Assessment of key indicators 

Sector 
Measure 

2019 
Indicator 

Actual Unit Met?  

Methane emissions 23.7 25.4 MtCO₂e ▼

Land use & 
forestry 

(-2%) 
Afforestation**** 15,000 13,460 Hectares per year ▼

Waste 
(4%)*** 

Landfill emissions -77 -61 % change vs 2007 levels ▲

Biodegradable waste to 
landfill -65 -56 % change vs 2007 levels  ▼

F-gases
(3%)***

Emissions -23 -11 % change vs 2007 levels ▼

Source: CCC analysis. 
Notes:  A tick or cross shows whether the indicator has been met. The arrow shows the trend in the measure 
since the previous year, with a green arrow showing that the measure is moving the correct way, a red arrow 
showing the measure is moving the wrong way. 

All indicators will be revised next year, to align with the Net Zero pathway used in deriving the Sixth Carbon 
Budget recommendation. 

* The test cycle used to measure new car emissions changed from 2018 from the New European Drive Cycle
(NEDC) to the Worldwide Harmonised Light Vehicle Test Procedure (WLTP), with the majority of cars tested under
the latter procedure in 2019. These produce very different results, therefore comparisons of actual emissions are
not possible against our indicator, and percentages changes are shown instead.

**The latest statistics included significant revisions to the 2017 data, such that the 2018 out-turn represents an 
improvement in the proportion of heat supplied from low-carbon sources relative to last year. However, biomass 
in homes remains a significant contributor and is not consistent with the long-term best use of finite bioenergy 
resources. The published data also includes reversible air-to-air heat pumps (RAAHP) in commercial buildings. 
RAAHP are generally installed for cooling, but can contribute to heating often alongside a boiler. Residential heat 
pump sales remained below the levels needed. 
***2018 data used as this is the latest available. 
****2019/20 figures. 
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3. Summary of overall policy developments
In a year that saw a general election, leaving the European Union and the COVID-19 pandemic, 
the UK has made some progress towards the policy changes that were required to prepare for 
the Net Zero target. 

In last year's Progress Report, we set out recommended actions for 2019 and 2020, focusing on 
enabling actions on the ‘critical path’ to achieving the Net Zero target. We present an 
assessment of performance against those milestones in Table 4.2. 

Overall the Government has only fully achieved two milestones out of the 31 set out in the 2019 
Progress Report. However, partial progress has been made in 15 policy milestones which lie 
predominantly in the transport and industry sectors, while for others policy development is 
underway: 

• Achieved milestones. Some milestones have been achieved in the industry and waste
sectors. In industry, the UK Government published an evaluation of its Climate Change
Agreements. In the waste sector, Wales published its new Waste Strategy.

• Partial progress. There have been some important strides towards the target. Net Zero has
been adopted as a key overall goal of the current Government. The programme to deliver it
has developed across the largest emitting sectors: in transport (where the Government is
consulting on bringing forward the phase-out date for petrol and diesel cars and vans);
buildings; industry (where funds have been committed for the first zero-carbon industrial
cluster); energy supply (where 6 GW of offshore wind has been procured at record low prices,
and onshore wind and solar are to be offered new supply contracts); and in agriculture and
land use (where the proposed new UK policy has climate change as a key objective).

• Gaps. Many gaps remain, albeit some with plans being developed to tackle them.

‒ A lot rests on the Heat and Buildings Strategy later this year, which must be ambitious, 
well-funded and well-designed, alongside the National Infrastructure Strategy. 

‒ Policy is needed to deliver the cars and vans commitment, and other vehicles such as 
HGVs must also be addressed. 

‒ Near-term and longer-term investable mechanisms must be developed for industrial 
decarbonisation, especially for carbon capture and storage (CCS) and fuel switching. 

‒ The Agriculture and Environment Bills must progress to implementation and be backed 
by a mechanism to fund tree planting at the required scale. 

‒ Progress will also be needed in the smaller emitting sectors such as waste and F-gases. 

‒ Some challenges were not highlighted in the 2019 Progress Report, such as aviation & 
shipping, and whilst these sectors both require progress at the global level, UK policy will 
become increasingly important. 

The coming year is therefore crucial. The delay of COP26 to November 2021 provides a window 
to address this policy deficit and establish a credible internationally-leading position. The key 
remaining elements of the net-zero policy package must be put in place in the coming months, 
early enough to demonstrate the UK’s credentials ahead of COP26. For a detailed discussion of 
policy gaps, see chapter 6. 
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Table 4.2. Delivery of policy action in the last year 

Sector Action Timing Done? 

Transport 

Bring forward the ban on new conventional vehicle sales 
to 2035 (or ideally earlier) and clarify that only battery 
electric (or other zero-carbon) vehicles will be permitted 
to be sold after this point. 

2020 Partly 

Clarify the UK regulatory approach to the EU 2020/21 new 
car and van CO₂ targets and set stretching CO₂ targets for 
new cars and vans beyond 2020, requiring a high electric 
vehicle market share. A real-world testing regime must be 
used alongside standardised tests. 

2019 Partly 

Implement policies, including fiscal instruments, to 
strengthen incentives to purchase cleaner vehicles. 
Current purchasing trends are undermining new car and 
van emissions targets and must be reversed. 

2019 Partly 

Set stretching targets for CO₂ emissions reductions from 
new HGVs to address the rise in emissions and exploit 
opportunities to improve logistics and increase uptake of 
eco-driving. 

2019 Partly 

Set out policies to address the decline in bus usage and 
introduce new schemes and measures to increase levels of 
walking and cycling. 

2019 Partly 

Industry 

Make explicit how current and future policies will achieve 
a 20% energy efficiency improvement for businesses by 
2030.  

2019 Partly 

Publish the results of the evaluation of Climate Change 
Agreements to inform any successor scheme for 2023. 

2019  

Consult on mechanisms to incentivise widespread 
industrial fuel switching and CCS. Alongside this, BEIS 
should identify when those industrial sites that will require 
CCS and/or fuel switching would need to install them in 
order to fit with their refurbishment cycles. 

2019 Partly 

Secure (e.g. taxpayer or consumer) funding for mechanism 
to incentivise widespread industrial fuel switching and 
CCS. 

2020  

Deliver near-term capital support for industrial 
decarbonisation, through the IEFT and ISCF. Where 
necessary this should be accompanied by bespoke 
support for operational expenditure for these projects. 

2019 Partly 

Establish a policy to develop near-zero GHG emission 
technologies for off-road mobile machinery. 

2020 Partly 

Establish a policy to reduce levels of methane leakage and 
venting. 

2020 
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Buildings 

Develop a fully-fledged strategy for decarbonised heat. 
This must be designed to fully decarbonise buildings 
across the UK in line with the Net Zero goal. HM Treasury 
must commit to working with BEIS, undertake a review of 
where the costs of the transition should fall, and allocate 
sufficient funding to deliver over the full period from now 
to 2050.  

2020  

Strengthen new-build standards to ensure that all new 
homes built from 2025 at the latest are designed for a 
changing climate, are ultra-energy efficient and use low-
carbon heat. No new homes built from 2025 should be 
connected to the gas grid. Ambitious standards for non-
residential buildings must also be set.  

Regulations set 
by 2020 (with 

energy/carbon 
standards in force 

by 2025 at the 
latest) 

Partly 

Set clear trajectories of standards across the building stock 
and firm policies to drive delivery. This includes 
introducing concrete policies for able-to-pay 
homeowners, addressing the major delivery risks which 
remain around the Private Rented Sector (PRS) regulations 
and setting out a trajectory, a delivery mechanism for the 
social housing minimum standards, and concrete policies 
to deliver the ambition for non-residential buildings.  

Consultation in 
2019 

 

Tackle performance and compliance issues to ensure that 
new buildings and measures retrofitted in existing 
buildings perform as they should. This includes consulting 
on strengthened compliance and enforcement measures 
which extend beyond fire safety to regulations more 
widely; funding building control adequately, and 
incorporating widespread use of testing so as to focus on 
actual rather than modelled performance; and developing 
a nationwide training programme to upskill the existing 
workforce, alongside implementation of low-carbon 
accreditation.  

2019 Partly 

Publish detailed plans to phase out the installation of 
high-carbon fossil fuel heating in the 2020s, ensuring 
there is no policy hiatus in 2021. 

2019  

Power 

Develop contingency plans that allow for additional low-
carbon generation to be brought forward in the event of 
delay or cancellation of planned projects, or imports of 
electricity below projected levels.  

2019  

Develop and deliver a plan, in coordination with Ofgem, to 
upgrade networks in the 2020s to accommodate new 
electricity demands (e.g. from electric vehicles), and 
future-proof them in order to limit costs.  

2019 Partly 

Outline in the forthcoming Energy White Paper a level of 
ambition compatible with achieving Net Zero emissions. 
This should include the outline of a subsidy-free route to 
market for the cheapest low-carbon generation from 2020. 

2019 Partly 
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CCS 

Set out preferred mechanism for CO₂ transport and 
storage infrastructure. 

2019  

Set out plan to enable multiple CCS facilities to be 
operational by the mid-2020s. 

2019  

Agriculture 

England’s Farm Emissions Reduction Plan and Scotland’s 
updated Climate Change Plan, both due out next year 
should set out firm policies and an implementation plan to 
reduce GHG emissions in agriculture.  

By mid-2020  

The Industrial Strategy's Transforming Food Production 
Challenge Fund: ensure the £20m of funding already 
committed to under the first call made in 2018 and 
subsequent calls are allocated to projects that deliver 
supporting emissions reduction and clean growth in the 
food and agriculture sectors 

2019 and 2020 Partly 

Post-CAP framework: ensure the on-going design of the 
Environmental Land Management System, including the 
testing and trialling of options will incentivise the take-up 
of low-carbon farming measures and changes in land use 
to increase carbon removals.  

2020 Partly 

Land use, 
land-use 
change and 
forestry 

Develop strategies for each part of the UK to increase 
overall annual afforestation rates  to at least 30,000 
hectares in the 2020s.  

2020  

Publish England’s Peatland Strategy to deliver peat 
restoration, and sustainable management practices for 
lowland peat that remains in agricultural production. 

2019  

Waste 

In England, set out a commitment to ban the landfilling of 
most bio-degradable waste streams including food by 
2025 at the very latest. In the forthcoming consultation, 
set out proposals for the mandatory measurement and 
reporting of food waste in England by all large businesses 
in the food supply chain (e.g. food retail, caterers and 
hospitality). 

2019  

In Wales, publish a new Waste Strategy including 
proposals to reduce food waste substantially and 
regulations requiring that all businesses and public bodies 
separate recyclable waste at source. 

2020  

F-gases
Publish a plan to restrict the use of F-gases to the very 
limited uses where there are currently no viable 
alternatives. 

2019  

Public 
engagement 

Develop a strategy – building on the planned Citizens’ 
Assemblies and Youth Steering Group – to engage with 
the public over the choices they can make, especially on 
heating, diet and transport, that will reduce emissions and 
bring other benefits like improved health. 

2020 
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a) UK Government policy

When the Committee recommended the Net Zero target, we emphasised that 'clear, stable and 
well-designed policies to reduce emissions further' must be introduced across the economy 
without delay. That process has begun, but is far from yet complete. 

i) Cross-economy

There have been several cross-cutting examples of policy development and announcements:

• The Government has instigated a Cabinet Committee on Climate Change, chaired by the
Prime Minister, as we recommended last year.

• HM Treasury is undertaking a review on how to fund Net Zero fairly. Originally scheduled for
autumn 2020, it may be delayed as resources are deployed to the ongoing COVID-19 crisis.

• The Department for Business Energy and Industrial Strategy (BEIS) has plans to legislate for a
standalone UK Emissions Trading Scheme to be set up by 2021. It is yet to be determined
whether this scheme will be connected with the EU ETS, pending EU negotiations. The
Government has outlined its ambition for the scheme to be made consistent with the UK's
Net Zero target, following the Committee's forthcoming advice on the Sixth Carbon Budget.

• In bioenergy, BEIS have consulted on removing coal-to-biomass conversions from future CfD
rounds.107 A new green levy will be established on bills to fund biomethane injection into the
gas grid, with up to £150 million available annually via the Green Gas Support Scheme.108

Proposals have also been set out by the Department for Transport (DfT) to double the
amount of bioethanol blended in petrol from 5% to 10% (E10) across the UK during 2021.109

• Greenhouse gas removals (GGRs) are at an early stage of policy development in the UK – so
far, only a September 2019 scoping study by Vivid Economics on potential GGR policy
options has been published by BEIS.110 However, UKRI have launched a £31.5 million GGR
programme under the Strategic Priorities Fund. This includes a £22.5 million call to support
up to 5 pilot projects during 2021-2026, and develop a £6.1 million central coordination hub.
£1.5m will also be made available for feasibility studies in 2022.111

• In 2019, the Government announced a doubling of its International Climate Finance (ICF)
support for addressing climate change in developing countries to at least £11.6 billion over
the period 2021/22 to 2025/26. It has also subsequently committed to end financial support
to coal mining and coal-fired power plants overseas through the UK’s export credit agency
(UK Export Finance), although the vast majority of UKEF support for fossil fuels in recent
years has been for oil and gas, not for coal.

• Although not led by the Government, the Citizen's Assembly convened by Parliament has
been a welcome step towards understanding public attitudes to achieving Net Zero. Similar
processes have taken place in Scotland and Wales and at local levels. Efforts to consult and
inform the public must continue. One next step could be to consider public attitudes to
adaptation through a similar mechanism.

107 BEIS (2020) Contracts for Difference (CfD): proposed amendments to the scheme 2020. 
108 BEIS (2020) Future support for low carbon heat. 
109 DfT (2020) Introducing E10 Petrol. 
110 BEIS (2019) Greenhouse gas removal policy options. 
111 Engineering and Physical Sciences Research Council (2019) Greenhouse Gas Removal Demonstrators Programme 
calls and workshop. 
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• The Government's Green Finance Strategy, published in July 2019, outlines important steps
to align the financial sector to the UK's (and the world's) climate and environmental
objectives.

Alongside this, the UK government brought forward its first budget of the new Parliamentary 
term in early 2020, which announced two further cross-cutting funds: 

• £800 million was committed to the CCS Infrastructure Fund to establish CCS in at least two
hubs, the first by the mid-2020s and a second by 2030.

• £640 million was dedicated to a Nature for Climate Fund, to be used for tree planting and
peatland restoration.

ii) Transport

The transport sector has seen only partial progress against most of the policy milestones 
outlined in Table 4.2. Aside from these policy milestones, the Government has made broader 
progress: 

• There has been a strengthening of Electric Vehicle (EV) incentives. Benefit-in-kind taxes have
been reduced to 0% for the 2020/21 financial year, rising to 1% then 2% over the next two
years. The plug-in car grant has been reduced to a maximum of £3,000 but has been secured
to 2022/23. A consultation on Vehicle Excise Duty for EVs has been launched.

• Whilst grants for home-charging reduced to £350 per charge point, Budget 2020 doubled
the financial support for on-street charging to £10 million. Government has also pledged
£500 million to support the development of rapid charge hubs along the strategic road
network and major roads.

• The Department for Transport (DfT) published its Decarbonising Transport report 'Setting the
Challenge' for the sector, with a policy document due later this year.

iii) Industry

Following a significant increase in industrial decarbonisation policy in 2018/19, progress in 
2019/20 has been slow relative to the actions required that we outlined last year. 

• A £250 million Clean Steel Fund was launched in August 2019, adding to previous capital
support of around £600 million set out for industrial decarbonisation (see Figure 4.3). £70
million has been awarded through the BEIS Energy Innovation Programme and an initial £10
million awarded from the Industrial Decarbonisation Challenge (IDC). However, progress in
awarding other support has been slow.

• BEIS consulted on mechanisms to support the operational costs of industrial CCUS in July
2019, partially meeting our recommendation. However, there has been no consultation on
mechanisms to support the operational costs of fuel switching, including electrification,
hydrogen and BECCS. This is urgently required to enable development of fuel switching
technologies, as well as CCS, and to complement capital funding on offer through the
Industrial Energy Transformation Fund (IETF) and IDC.

• On energy efficiency, the Government published its evaluation of the Climate Change
Agreements (CCA) scheme and extended the scheme by two years.
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However, there is still little evidence that policy, including CCAs and the IETF, will provide 
sufficient support to enable overall business energy efficiency to improve by 20% as set out 
in the Clean Growth Strategy and detailed in the Government's response to our Progress 
Report last year. 

• On resource efficiency, the Environment Bill was introduced to extend producer
responsibilities and provide powers to Government to set minimum requirements for
manufacturers to provide information about the resource efficiency of their products.

Other areas still lack firm policy. For non-road mobile machinery (NRMM), the Budget suggested 
that the Energy Innovation Programme will support the development of near-zero GHG 
emission NRMM technologies, but this requires further detail. The Budget's removal of red diesel 
tax relief for industrial NRMM will also encourage deployment. There has been no new policy on 
reducing methane leakage and venting, but an announcement is expected shortly.112 

Figure 4.3. Industrial funding mechanisms under development, awarded this year or required 

iv) Buildings

Whilst none of the policy milestones outlined in our last report have been completed this year, 
there have been some relevant announcements from the Government: 

• The Ministry of Housing, Communities & Local Government published proposals for a 2020
uplift in home standards, including a 30% decrease in emissions (although fabric standards
are weaker). This is the first step towards the 2025 Future Homes Standard. Our assessment is
set out in our letter to the Secretary of State in February of this year.113 Additional
consultations for overheating and non-residential buildings are still in progress.

• There was a pledge of £9 billion for addressing fuel poverty, social housing and public sector
energy efficiency. More details of this funding is due in the infrastructure strategy.

• A new target was proposed for non-residential private rented buildings of EPC band B by
2030 'where cost-effective' - an increase in the ambition set out in the Clean Growth Strategy.

112 As of early June 2020. 
113 Committee on Climate Change (2020) Letter to Ministry for Housing, Communities and Local Government: Future 
Homes Standard and proposals for tightening Part L in 2020. 
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The Scottish Government consulted on proposals to require a minimum standard of EPC 
band C for all properties being sold. 

• A small extension of the Domestic Renewable Heat Incentive to 2021/22 was announced in
the budget, with a further £100m of funding released, which will be spread over 2022/23 and
2023/24. This provides £4,000 grants for households and small non-domestic buildings to
install heat pumps (or biomass boilers in limited circumstances). However, this funding is
only forecast to support 12,500 residential heat pumps a year - well below what will be
required for the phase out of oil boilers later this decade and new gas boilers soon after.

• A £270m Green Heat Network Fund was also committed to support the deployment of low-
carbon heat networks, along with the proposed green levy to support biomethane. The UK
Government is consulting on regulatory frameworks for heat networks, including: a new
regulator, rights and powers for heat network developers (to align with other utilities) and
consumer protection measures. The Scottish Government has proposed an approach which
includes local concessions reinforced with planning policy in its new Heat Networks Bill and a
new Scottish regulator. The UK Government is considering local zoning and concessions
amongst other options.

v) Power

Power continues to be the sector that performs best against its indicators. It has outperformed
both of its indicators for 2019.

Away from the tracked policies there has been wider policy progress: 

• The UK held a third allocation round of the Contracts for-Difference (CfD) auction and cleared
a record low energy price of £39.65/MWh for delivery year 2023/24 and £41.61/MWh in
2024/25 (in 2012 prices).

• A consultation has been launched for amendments to the CfD scheme, with floating offshore
wind proposed to be included in Pot 2, alongside other design changes.114

• Ofgem announced that networks will have to demonstrate how their business models are
compatible with Net Zero.

• In March 2020, the Government announced that onshore wind and solar PV would be
included in the next round of CfD auctions, reversing the previous exclusion of these
technologies.

vi) Agriculture and land use, land-use change and forestry (LULUCF)

There is still an absence of policy to deliver emissions reduction in agriculture, while the planned 
publications to increase afforestation and peat restoration (the Tree and Peatland Strategies) 
have both been delayed: 

• The Government has included climate mitigation and adaptation as key 'public goods' to be
paid for as part of the UK's overhaul of agriculture and land policy through the Agriculture
and Environment Bills. This was confirmed in a policy discussion document published earlier
this year, which sets out Defra's initial thinking on the high-level design options for the
Environmental Land Management Scheme.115

114 BEIS (2020) Contracts for Difference (CfD): proposed amendments to the scheme 2020. 
115 Responses to the document have been paused due to COVID-19, and will re-open at a future date. 
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• Part of the £640 million Nature Climate Fund announced in this year’s budget will be used to
deliver the Government's manifesto commitment to plant more trees across the UK, rising to
30,000 hectares a year by 2025, and the restoration of 35,000 hectares of peatland in England
over the next five years.

• The first reverse auction of Defra's Woodland Carbon Guarantee (WCG) was held in January.
Designed to stimulate private sector investment in woodland creation in England, the
auction generated bids for 180 hectares of new woodland. Auctions will be on a biannual
basis between 2020 and 2025 with £50m committed to the scheme.

vii) Waste

The waste sector has not met its indicators, and the key policy milestone (banning the landfill of 
biodegradable wastes) has not been addressed in the past year. There have however been some 
policy developments in England, with further discussion of waste policy in the devolved 
administrations given in Section b) below: 

• In England, the Environment Bill will establish extended producer responsibilities on
products, set up deposit return schemes, provide resource efficiency information, and
mandate separate collections of recyclable/compostable materials from households and
businesses (starting in 2023 and fully rolled out by 2035). These measures are aimed at
achieving Defra's Waste & Resources Strategy (WRS)116 target of a 64% recycling rate by 2035
in England.

• The WRS also has a target to ban food waste from landfill by 2030, with an aspiration to ban
other biodegradable waste by the same date, and an intention to work towards zero
avoidable waste being landfilled by 2050. However, there has been no consultation proposal
or legislation introduced to ensure biodegradable waste is banned from landfill by 2025 (for
consistency with a Net Zero 2050 pathway) or even by 2030 (as in the WRS). Larger
businesses are yet to be mandated to report on their food waste arisings.

viii) Aviation

There are currently no indicators established for aviation, and last year no policy milestones were 
set by the Committee for 2019-20. However, there have been a number of UK developments: 

• The 'Future of Flight Challenge' was announced in August 2019. Funding of £125 million will
be provided via the Industrial Strategy Challenge Fund with £175 million from industry, to
develop new aircraft technology including electrification.117

• DfT's Aviation & Climate Change Consultation was due out in early 2020, but is currently
delayed due to COVID-19. A final Aviation Strategy is due to follow.

• In February 2020, the Court of Appeal ruled the Airports National Policy Statement (ANPS)
underpinning expansion at Heathrow airport unlawful due to a failure to consider the Paris
Agreement, non-CO₂ impacts and emissions after 2050. This verdict is being appealed in the
Supreme Court.

Indicators for aviation will be developed following our advice on the Sixth Carbon Budget later 
this year.  

116 DEFRA (2018) Resources and waste strategy for England. 
117 Innovate UK and UK Research and Innovation (2019) Developing the future of flight: take part in the challenge. 
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ix) Shipping

There are currently no indicators established for shipping, and last year no policy milestones 
were set by the Committee for 2019-20. However, there have been some important UK 
developments: 

• The UK's Clean Maritime Plan118 was launched in July 2019, setting up early advisory and
research functions. This commits to exploring supporting the transition to zero emissions
shipping, beginning with a consultation on the Renewable Transport Fuel Obligation (RTFO)
in 2020, and a Call for Evidence on non-tax incentives in shipping.

• A DfT-funded study on zero-emission shipping clusters is also ongoing.

Indicators for shipping will be developed following our advice on the Sixth Carbon Budget later 
this year. 

x) F-gases

The F-Gases sector is behind on its indicator, although the emissions are moving in the right 
direction. The milestone of publishing a plan to restrict the use of F-gases has not been 
achieved. 

b) Climate legislation and policy progress in Scotland, Wales and Northern Ireland

The past year has been an important year for climate policy in Scotland, Wales and Northern 
Ireland. Each nation is at different stages in the process of developing and delivering on specific 
climate change legislation: 

• Scotland announced two substantial packages of climate mitigation measures in its 2019-20
Programme for Government and Scottish Budget 2020-21. The Scottish Government has had
a period of public engagement and consultation ahead of a planned update to the Climate
Change Plan. However, with the COVID-19 crisis, the Scottish Government postponed the
update. Our 2019 Scottish Progress Report set a series of devolved and reserved milestones
for Scotland. We will comment further on progress later in the year.

• Wales launched a major climate change mitigation plan (Prosperity for All: A Low Carbon
Wales) in 2019, which it has since followed with a major plan for climate adaptation in Wales
(Prosperity for All: A Climate Conscious Wales). The Welsh Government plans to update the
targets in its climate legislation. It has asked the Committee for advice on its third carbon
budget (2026-2030), as required under the Environment (Wales) Act, and also to review its
existing emissions targets for 2021-2025, 2030, 2040 and 2050. The Committee will provide
advice on these targets later this year and will also review progress towards meeting Wales'
First Carbon Budget (2016-2020) in our first ever Progress Report to the Welsh Parliament.

• Northern Ireland's 'New Decade, New Approach'119 power-sharing agreement included new
commitments to introduce legislation and targets for reducing carbon emissions in line with
the Paris Agreement. This includes the commitment to introduce a new Climate Change Act
for Northern Ireland.

118 DfT (2019) Clean Maritime Plan. 
119 UK Government and Irish Government (2020) New Decade, New Approach. 
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Northern Ireland has also engaged directly with the Committee in asking for advice on 
Northern Ireland's fair contribution to the 2050 Net Zero target, and has taken the welcome 
step of reconvening its Cross-Departmental Working Group on Climate Change. 

In addition to economy-wide legislation, various plans and allocation of resources towards 
climate measures, there has been progress in areas where the key policy levers are almost 
entirely devolved. Below, we comment on policy progress in reducing emissions from waste, 
agriculture and land, but the role of the devolved governments extends far beyond these sectors 
and can have a significant impact across the economy.  

The Committee will comment further on specific sectoral policies from the Scottish and Welsh 
governments in Progress Reports later this year. 

Waste 

• Scotland has proposed several 2025 targets for legislation in 'Developing Scotland’s circular 
economy'.120 These include a 70% recycling rate for all wastes (with households achieving a 
60% recycling rate), a 15% reduction in total waste (against 2011 levels), a 33% reduction in 
food waste (per capita against 2013 levels), and no more than 5% of all waste being sent to 
landfill. However, Scotland’s previous commitment to ban the landfill of biodegradable 
municipal waste by 2021 has been delayed to 2025121, as many local authorities lacked 
sufficient processing infrastructure and would have been forced to export their waste. 

• Wales have introduced a new circular economy strategy, 'Beyond Recycling'.122 This targets 
'100% recycling' (no landfill or incineration) by 2050,123 and by 2025, targets 70% recycling 
and a 50% reduction in food waste (against a 2006-07 baseline). Wales has also consulted on 
separate collection of recyclable materials from businesses and public bodies, and banning 
these materials going to incineration or landfill from late 2021.124 These actions have resulted 
in Wales meeting the policy milestone set by the Committee last year. Under its Landfill 
Allowance Scheme, Wales has reduced the amount of biodegradable municipal waste sent 
to landfill in 2018/19 by 88% (against a 2005/06 baseline) 125, but this scheme ended in March 
2020, and Wales is yet to implement a complete ban by 2025. Their 2020 target is to landfill 
less than 10% of all wastes, and less than 5% by 2025. 

• Northern Ireland has not introduced new waste management policies in the past year, nor 
moved to ban all biodegradable wastes from landfill by 2025 (only separately collected food 
waste is currently banned). Under its Landfill Allowance Scheme, Northern Ireland has 
reduced the amount of biodegradable municipal waste sent to landfill in 2018/19 by 73% 
(against a 2005/06 baseline), but this scheme ended in March 2020.126 

 

                                                           
120 Scottish Government Environment and Forestry Directorate (2019) Developing Scotland's circular economy: 
consultation on proposals for legislations. 
121 Scottish Government (2019) Climate Change Plan: monitoring report 2019. 
122 Welsh Government (2019) Beyond Recycling. 
123 Welsh Government (2010) Towards zero waste: our waste strategy. 
124 Welsh Government (2019) Increasing Business Recycling in Wales. 
125 Natural Resources Wales (2019) Report on the Landfill Allowances Scheme (LAS) Wales (2018/19). 
126 Northern Ireland Environmental Agency (2019) The Landfill Allowance Scheme (Northern Ireland) Regulations (2004) 
(as amended) (NILAS). 
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Agriculture and land use, land-use change and forestry (LULUCF) 

• No policies have been introduced in the last year to reduce agricultural emissions, while 
Scotland has yet to set out the future direction of its rural support policy post-CAP.  

• The February Scottish Budget announced £20m for peatland restoration with a commitment 
to invest £250m over the next 10 years. It also increased its 2020/21 annual afforestation 
target from 10,000 to 12,000 hectares. 

• The Welsh Government has committed £5m towards the creation of a National Forest, which 
was announced in March this year. However, no further detail on the size of this new forest 
have yet been provided. 

c) Broader developments 

i) Increased engagement 

The past year has been one of 'climate action' for the UK and we have seen a significant increase 
in the level of engagement with climate change from people and businesses. We have seen 
various actors becoming increasingly vocal about the importance of decarbonisation: 

• Two-thirds of local councils (district, county, unitary and metropolitan) have now declared 
climate emergencies. These declarations represent cross-party action at the local level and 
are testament to the increasing engagement with Net Zero at all levels of government. It is 
important now that this momentum is utilised and local authorities engage with each other, 
wider government and broader society to translate these statements into accelerated action. 
There are promising signs that this is happening and that local councils that have declared 
emergencies are factoring this in to project decisions. For example, Oxford City Council 
voting against the Oxford-Cambridge Expressway and North Somerset Council opposing 
Bristol Airport expansion. Greater Manchester's Walking and Cycling Network plans are also 
being accelerated to aid the COVID-19 recovery.127 Local councils should however be 
carefully considering the fossil emissions from waste to energy plants, and how these plants 
will retrofit CCS in the future, plus the impact of waste reductions and improved recycling. 

• In June 2020, 200 business leaders wrote to the Prime Minister, urging him to continue the 
UK's commitment to Net Zero.128 Also in June, a COP26 campaign, 'Race to Zero', was 
launched and is backed by around 1,000 businesses with combined revenues in excess of £3 
trillion.129 

• The rising prominence of grass roots protests is also of note. Extinction Rebellion is now a 
household name, and the student climate strikes in September 2019 were attended by 
hundreds of thousands in the UK alone. 

 

 

                                                           
127 Greater Manchester Combined Authority (2018) Beelines: Greater Manchester’s cycling and walking infrastructure 
proposal. 
128 Corporate Leaders Group Letter to Prime Minister (2020). 
129 BEIS (2020) COP26 President speech at Race to Zero campaign launch. 
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ii) Announcement of targets 

This increased level of discourse and support for Net Zero has led to explicit targets being set by 
many major UK businesses. Many of these commitments have been reaffirmed in the face of 
COVID-19. Companies around the world are also outlining their Net Zero targets. Globally, this 
will help raise the levels of ambition in an attempt to better align with the Paris Agreement. In 
the UK, it will support the Government in meeting its own Net Zero target.  

The strength of these targets vary. Some companies have set targets for carbon neutrality, some 
net-zero emissions, and some carbon net negative; others such as Microsoft have pledged to go 
even further by removing all of their emissions created since their founding.130 Net Zero and 
carbon neutrality are terms often used interchangeably; however, the term carbon neutrality 
typically refers to only CO₂ emissions and not other GHGs.131 Similarly, different companies are 
committing to being carbon neutral for different scopes of emissions.132 

• 81% of FTSE 100 companies have set emissions reduction targets, and 15% have targets to 
achieve carbon neutrality or Net Zero by 2050.133 The percentage with targets to achieve 
carbon neutrality is higher in France and Spain (CAC 25: 40%; IBEX 35: 40%) but lower in the 
US (Dow: 10%).33 

• 47% of FTSE 100 companies have set or have committed to setting Science Based Targets for 
Net Zero (SBTs) which focus on Scope 1 and 2 emissions;  and 32% of FTSE 100 companies 
include Scope 3 (including wider supply chain) emissions in their targets. 33  

There have been several high profile 'Net Zero' announcements of note: 

• The National Farmers Union outlined a pathway for agriculture to achieve Net Zero by 2040. 
It emphasised the need for farming practices such as increased farm woodland and soil 
carbon storage and to increase farm productivity, along with use of bioenergy with CCS to 
achieve significant GHG removals.134  

• The National Trust stated its commitment to being Net Zero by 2030 (without relying on 
offsets) through a variety of measures including expansion of the number of trees being 
planted. It also announced it would push its supply chain and tenants to decarbonise. 

• There have been notable Net Zero announcements made in the oil and gas sector. In 
February 2020, BP outlined a Net Zero carbon target which is an ambition to address 
emissions from both their operations and their upstream oil and gas production by 2050 or 
sooner. This was followed by an announcement from Shell in April 2020 who committed to 
having Net Zero operations by 2050, and to reduce the net carbon footprint of the products 
that they sell. Most recently, Total stated its ambition to have Net Zero operations and 
energy products by 2050. 

• Via the Sustainable Aviation grouping, the UK's aviation sector has committed to achieving 
net-zero CO₂ emissions by 2050. Their roadmap has high demand growth mitigated by large 
improvements in efficiency, uptake of sustainable aviation fuels and significant use of market 
based measures (offsets and removals).135 

                                                           
130 Microsoft (2020) Microsoft announces it will be carbon negative by 2030. 
131 Carbon Trust (2019) Net zero: an ambition in need of a definition. 
132 BEIS (2019) 2019 Government Greenhouse Gas Conversion Factors for Company Reporting. 
133 Eco-Act (2019) The Sustainability Reporting of the FTSE-100. 
134 National Farmers Union (2019) Achieving Net Zero: Farming's 2040 Goal.  
135 Sustainable Aviation (2016) Sustainable Aviation CO₂ Road-Map. 
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• Water UK have committed to achieving net-zero GHG emissions across the water industry by
2030.136 This is to be achieved through energy efficiency, reduced direct process emissions,
use of onsite renewables and afforestation, purchase of green electricity, export of
biomethane to the gas grid and use of EVs.

• The NHS has committed to reaching Net Zero "as soon as possible" and recently
commissioned an expert panel to advise on how and when this will be possible.

iii) Operational commitments

Businesses can be a key enabler of net-zero delivery as they not only provide the infrastructure, 
innovation and business models required, but they can transform their own operations, 
including the use of EVs, renewables and low-carbon buildings: 

• At least 20 companies with operations in the UK have committed to fully electric vehicle
fleets by 2030,137 and 34 organisations have committed to 100% electric vans by 2028.138

• Numerous companies are committed to 100% renewables either through on-site generation
or procurement through green tariffs or Power Purchase Agreements; the UK companies that
are signatories of the RE100 group procure 4% of the UK's electricity in this manner.139

• Companies are committing to occupy as well as construct buildings with high energy
efficiency, low-carbon heating and low embodied carbon. 25 companies in the UK have
signed up to the WorldGBC Net Zero Carbon Buildings Commitment which require corporate
buildings to have net-zero operational emissions and ideally include embodied carbon
disclosure.140

Section 6.3.h. provides further detail on how businesses can help to deliver Net Zero. While the 
many commitments are welcome and demonstrate the broad willingness to take action, they 
must still be backed with investable policy frameworks to deliver the changes required. 

It must be recognised the immediate threat of COVID-19 has disrupted short term progress in 
some areas, as governments, businesses and people act to protect public health. The next 
chapter focuses on how climate-related investments can accelerate the recovery from the 
pandemic, and areas where efforts to achieve net-zero emissions and avoid the most damaging 
impacts of climate change can be accelerated. 

136 Water UK (2020) Water industry plans to reach net zero carbon by 2030.  
137 The Climate Group (2020) Charging ahead on electric vehicles: 2020 EV100 progress and insights report. 
138 Global Action Plan Clean Van Commitment.  
139 CDP (2020) Internal data on UK RE100 electricity consumption in 2018, shared with the CCC. 
140 World Green Building Council (2020) The Net Zero Carbon Buildings Commitment. 
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Introduction 
The COVID-19 pandemic has had tragic impacts throughout the world. In the UK, the scale of the 
impacts is staggering. As the country emerges from the initial phase of the pandemic, we offer 
recommendations on shaping a recovery that puts the UK on track to net-zero and increases our 
resilience to the threats from the changing climate. 

Climate change also poses a threat to health for the longer term. The World Health Organisation 
has described climate change as the greatest threat to global health in the 21st century.141 

Although global emissions are expected to fall by a record amount in 2020 this effect is only 
temporary. CO₂ emissions must still be cut consistently year after year until they reach net-zero 
globally to slow and halt global warming.  

The months ahead have huge significance. The steps that the world and the UK take to rebuild 
from the COVID-19 pandemic and its economic damage can accelerate the transition to low-
carbon activities and improve our climate resilience. Short-term choices that lock-in emissions or 
climate risks must be avoided. 

There is strong evidence, set out in this chapter, to support a range of low-carbon and climate 
adaptation 'green stimulus' measures. Many can be delivered quickly and have high multipliers, 
high numbers of jobs created, and boost spending in the UK. In the long term, a transition to a 
low-carbon, efficient and resilient economy will bring productivity benefits throughout the 
economy.  

Lessons from the COVID-19 crisis on the importance of planning for systemic risks also apply to 
our preparations for climate change itself. The Committee has already highlighted a dearth of 
climate adaptation planning in government. This is a moment to confront the range of climate 
risks that face the UK, including flooding, over-heating and water shortages, with realistic 
planning for the inevitable temperature rises ahead.  

We set out the case for building a resilient recovery in the following sections: 

1. Net Zero by 2050 and adaptation remains a scientific, economic and social imperative

2. A new context for tackling climate change

3. The economics of a resilient recovery

4. Principles for a resilient recovery

5. Climate policies to deliver a resilient recovery

6. International recovery

141 World Health Organisation (2020) WHO calls for urgent action to protect health from climate change. 
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1. Net Zero by 2050 and adaptation remain scientific, economic and
social imperatives 
As countries around the world come to terms with the public health risk of COVID-19, there are 
substantial economic and social impacts, which are only starting to emerge. Pre-crisis norms will 
not return quickly and some activities may even be changed permanently. Our long-term 
climate goals remain unchanged by the pandemic. 

• As long as human activity continues to add to concentrations of greenhouse gases in the
atmosphere, the scale of climate change and the impacts from the risks attached to climate
change will continue to increase. The scientific and economic basis for the transition to a net-
zero economy, in line with the goals of the Paris Agreement, remains.

• But even if these goals are met, there will be further climate change compared to today, so
actions to prepare for the impacts of climate change are required.

In 2019, the UK Government legislated for a net-zero greenhouse gas emissions target in 2050. 
That remains the appropriate goal. We welcome the Prime Minister's reaffirmed commitments in 
recent months (including during the COVID-19 crisis) to achieving this target.  

The risks of COVID-19 and climate change risks are very different, but there are some important 
parallels (Box 5.1). Our experience from COVID-19 acts as a reminder of the need to increase 
resilience and to reduce our exposure to systemic risks through evidence-led planning.  

The long-term implications of COVID-19 for the global and UK economies are still unclear. It is 
unlikely, however, that the pandemic will fundamentally alter the trajectory for emissions. Nor 
does it change the broad steps that we need to take to reduce our emissions to net-zero (as set 
out in Figure 1.3 in chapter 1) or to adapt to climate change. 

The economic shutdown and restrictions on movement that have slowed infections are not a 
blueprint for reducing emissions or tackling climate change. Despite the very stringent 
restrictions placed on individuals and businesses to protect public health, the UK has continued 
to emit greenhouse gases in 2020 at a rate that, if unchanged, would lead to increased global 
warming. Achieving net-zero emissions still requires the systematic changes recommended by 
the Committee in last year's Net Zero Report. 

Achieving the UK's climate goals will also deliver better public health, improvements to 
biodiversity, vastly improved air quality and more comfortable homes. It is also a route to new, 
highly productive employment, greater domestic energy security, more green spaces, and a 
reduction in fuel poverty. 

The actions required to prepare for the impacts of climate change and to reduce emissions are 
well-documented (including in this report) and well-understood. A clear lesson from COVID-19 is 
the value of preparation and the costs when there is insufficient resilience headroom for shocks. 
Actions to tackle climate change can accelerate the recovery from the pandemic and build back 
in a more resilient way. 
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Box 5.1. Parallels and differences between COVID-19 and climate change 

Parallels drawn between the challenges of COVID-19 and climate change serve as a reminder of the 
need for a wide-ranging evidence-based approach to build resilience to future crises:  

• Evidence-based planning and decisive early actions to minimise damages. Scientific evidence 
can tell us about the direction of travel and put boundaries around what impacts are likely, but does 
not enable us to predict the future perfectly and often may not give sufficient information about low 
likelihood, high impact events. At the same time, the damages of inaction can be hard to 
comprehend and it is only with hindsight that we can fully understand the consequences of not 
acting early enough. Building headroom and redundancy into systems to cope better with 
unexpected shocks, and acting decisively and quickly when impacts happen is key to coping with 
major shocks. 

• A global solution. The world’s most challenging crises do not respect borders and require strong 
collaborative global action.  

• Action at all levels of society. COVID-19 has required individuals, companies and governments to 
change the way they live, work and travel. Tackling climate change - both by reducing emissions of 
greenhouse gases and adaptation actions to prepare for the impacts of climate change - will also 
require changes at all levels of society. However, the lockdowns required in tackling the pandemic 
are not a model for tackling climate change, for which the required actions can enhance well-being. 

• Protecting the most vulnerable. The virus, and the measures that have been implemented to 
protect public health, have had a disproportionate impact on some demographic groups in the UK. 
Climate change, and action to combat climate change, is likely to have uneven impacts in the UK 
and around the world across work sectors, regions, demographic groups and resources. There is a 
need for the transition to net-zero emissions to be delivered fairly and for adaptation to protect the 
vulnerable.  

There are also fundamental differences in the threats posed by COVID-19 and climate change, and the 
solutions required to tackle them.  

• Timescales. There is hope for a recovery from COVID-19 as countries take action to slow and reverse 
the spread of the disease and vaccine trials begin. Human-induced climate change cannot be easily 
or quickly reversed. Some impacts of climate change are already being felt around the world, and 
some changes we have already seen in the climate are expected to be irreversible.  

• Scale of response. There will be no vaccine for climate change and it will not be possible to self-
isolate from its impacts. It can only be tackled through a sustained response over decades covering 
all nations of the world, all sectors of the economy and all parts of society. 

• Climate actions will makes lives better. In order to combat COVID-19, people in the UK have 
heavily restricted their movement with damaging economic and social consequences. This is not the 
blueprint for tackling climate change. Unlike COVID-19, many of the actions the UK can take on 
climate change can bring improvements to our quality of lives - cleaner air, quieter streets, more 
green spaces, comfortable homes and healthier lifestyles. 
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2. A new context for tackling climate change
The short-term implications of the current crisis are still uncertain, but it is already clear that they 
will alter the underlying conditions for reducing emissions and adapting to climate change.  

Measures to protect public health, particularly social distancing, will inevitably affect the ability 
to deliver, physically, some climate measures in the short term. They may also increase support 
for climate action (Box 5.3), not least because of the common experience of the lockdown: 
cleaner air, home working, reduced business travel, and greater appreciation of nature and 
green spaces. 

The 'stickiness' of recently-enforced changes in behaviour and the knock-on consequences of 
these changes to the economy, behaviours and social norms will have profound ramifications for 
the context in which we tackle climate change. 

a) Immediate impacts on greenhouse gas emissions and air quality

Greenhouse gas emissions 

Reduced energy demands during the lockdown are expected to cause a record fall in global 
emissions in 2020. These impacts are likely to be transient, reversing as the global economy 
reopens and with only a negligible impact on global warming (Box 2.1): 

• Short-term evidence indicates very substantial reductions in energy use and emissions. An
early comprehensive estimate suggests that global emissions declined by over 5% in the first
three months of 2020 compared to the same period in 2019, with daily emissions in early
April around 17% (11% - 25%) lower than in 2019. Projections for 2020 as a whole depend
very strongly on the assumed global economic trajectory in the second half of the year –
with recent estimates ranging from a 2% to a 13% decline on 2019 levels.

• Medium-term impacts will be, in a large part, driven by the carbon intensity of any
economic stimulus efforts in countries with large emissions today and longer-lasting
structural impacts of the crisis. Investments in new long-life high-carbon infrastructure could
lock in high global emissions for years to come.

• Longer-term the prospects for addressing global climate change will be affected by the as-
yet unknowable impacts of COVID-19 on investment actions and attitudes to global
collaboration.

However, global temperature will continue to rise and climate impacts will continue to mount. 
CO₂ emissions largely accumulate in the atmosphere meaning that human-induced warming 
will only stop once global emissions of CO₂ (and other long-lived GHGs) are brought to net-zero 
and emissions of shorter-lived GHGs have been stabilised.  

The full impact on UK greenhouse gas emissions is also unclear at this stage - and will depend on 
the rate at which the economy is able to reopen safely. It is already clear, however, that the 
lockdown will cause a substantial fall in UK emissions in 2020. In a mid-case estimate, daily CO₂ 
emissions were around 30% lower than mean 2019 levels in the UK during the peak of the 
lockdown in April and May 2020 (Figure 5.1). 

The changes observed in 2020 are likely to be transient, as they do not reflect structural changes 
in the underlying economic, energy, transport or land systems. Emissions are likely to rebound in 
2021. 
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The new behaviours that emerge in the UK after the period of lockdown and social distancing 
have the potential to alter our long-term emissions trajectory in unpredictable ways, but social 
responses alone will not drive the deep and sustained reductions that are needed to reach net-
zero emissions. 

Figure 5.1. UK emissions have fallen by almost one third during the peak of the lockdown 

Source: Supplementary data to Le Quéré et al (2020) Temporary reduction in daily global CO2 emissions during the 
COVID-19 forced confinement. 
Notes: Mean baseline emissions for the UK are 1.16 MtCO₂/day, taken from the Global Carbon Project using 
sector allocation from IEA (2019) World Energy Balances 2019. 

Air quality and air pollutant emissions 

Reductions in road traffic, as well as lower fossil-fuelled power generation, industrial 
combustion, aviation and construction during the lockdown have also contributed to better 
outdoor air quality: 

• Concentrations of nitrogen dioxide (NO₂) have fallen drastically, particularly in urban areas.
Ricardo estimated a mean decrease in NO₂ concentration of 37% at roadside sites and 25% at
urban background sites from 16 March to 18 April.142

• Particulate matter (PM) concentrations have increased compared to the weeks before
lockdown due to a range of complex formation and dispersion mechanisms, including winds
carrying air pollutants from across Europe.143 However they are likely lower than what would
have happened in a 'no-lockdown' counterfactual.

142 Ricardo (2020) Response to Defra (2020) AQEG call for evidence. 
143 Environmental Research Group, King’s College London (2020) Response to Defra (2020) AQEG call for evidence. 
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• There may also have been an increase in emissions associated with domestic combustion
and the use of household organic solvents, leading to increased exposure to volatile organic
compounds (VOCs).144

• The independent Air Quality Expert Group (AQEG) has launched an urgent call for evidence
on the impact of the COVID-19 outbreak on changes in air pollution emissions,
concentrations and exposure in the UK, the conclusions of which will be published later this
year.145

Efforts to reduce greenhouse gas emissions will support longer-term improvements to air 
quality: 

• Combustion of fossil fuels generally leads to both greenhouse gases and short-lived air
pollution, including from fossil fuel electricity production, industrial manufacturing, space
heating, fossil-fuelled transportation, and agriculture.

• Decarbonisation of the road transport fleet will bring very significant air quality benefits,
reducing NO₂ and VOC emissions in cities. This will improve air quality overall, particularly at
the roadside. However, whilst primary particulate matter (PM) emissions from vehicle
exhausts will decrease, PM from tyre and brake wear and resuspension of road dust will
remain.146

Prioritising air quality and health outcomes could imply increased action in some areas of the 
Committee's recommendations. For example, reductions in car transport and increased walking, 
cycling and public transport. The Committee has convened an advisory group on health to 
support our work on the Sixth Carbon Budget, with a focus on identifying the long-term health 
benefits of taking actions to reduce emissions.  

b) Immediate impacts on vulnerability and exposure to climate impacts

Not only have the pandemic and measures to control the spread of the virus had immediate 
impacts on the environment, they have also had immediate impacts on vulnerability and 
exposure to climate impacts: 

• Household water use has risen dramatically, with some areas seeing peak demand of up to
40% above normal for the time of year, an overall increase of more than 2.2 billion litres
consumed per day in the UK.147 Though April and May have been very dry months, reservoir
levels have generally been high after the wettest February and the fifth wettest winter on
record.148  However even with sufficient sources, the extra demand has resulted in some
areas seeing poor pressure and even loss of supply in evenings as the pipes cannot carry
water fast enough to meet the unprecedented demand.149,150

144 Ricardo (2020) Response to Defra (2020) AQEG call for evidence. 
145 Defra (2020) AQEG Request for rapid evidence: Estimation of changes in air pollution emissions, concentrations and 
exposure during the COVID-19 outbreak in the UK. 
146 AQEG (2007) Air Quality and Climate Change: A UK Perspective. Note: an updated paper from AQEG discussing Net 
Zero and air quality is due for publication in 2020. 
147 Water UK (2020) Press release: Gardeners urged to ditch the evening sprinkler as peak water demand surges. 
148 Met Office (2020) Provisional February 2020 rainfall statistics. 
149 Severn Trent (2020) Press release: Severn Trent appeals to everyone to help with saving water. 
150 South East Water (2020) Press release: Save water at home this summer. 
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• Environmental charities are experiencing a far-reaching loss of income.151 The Government
has put in place a £750million aid package, but some charities have voiced concerns this will
not be sufficient to enable them to carry on frontline work including nature conservation
activities that are vital for increasing resilience to climate change. Demand for recreational
services and therefore human pressure on the natural environment has also increased.152

• Isolating at home has led to an increased risk of exposure to overheating and poor indoor
air quality. Vulnerable people (for example, those in the Government’s shielding group who
are confined to their homes), are also more at risk of poor indoor environmental quality
through pre-existing conditions like severe asthma or heart conditions.153

• ICT infrastructure. There has been a vast increase on the reliance of ICT and digital services.
To date no severe outages due to extreme weather have been reported, but the edge of
networks where diversity is at its lowest are most likely affected by any impacts - typically
near low population regions, or remote locations such as islands. Heatwaves or periods of
drought in summer months can also affect a range of ICT infrastructure and place additional
demands for cooling on energy networks increasing the risk of ‘brown out’ due to a
reduction or restriction in power.154

c) Immediate economic impacts

The pandemic and the public health response have had far-reaching consequences for the UK 
and global economy. As economies shut down, the world has seen recessions, lost jobs, higher 
government debt, and supressed energy demand: 

• Global recession. The economic impact of the pandemic is being felt worldwide, with the
IMF predicting the worst global recession since the 1930s.155 The UK is heading for a
recession. UK Gross Domestic Product (GDP) fell by 2% for the first quarter of 2020, covering
only the very start of the crisis, and by over 20% in the month of April.156 The latest
independent forecasts have, on average, predicted a fall of 8.6% in UK GDP for 2020.157 The
impact on annual GDP depends on how long the shutdown continues and the rate and
extent to which the economy can recover without permanent economic scarring. The Office
for Budgetary Responsibility (OBR) 'Coronavirus reference scenario'158 is not a forecast, but
provides an initial assessment of the potential impact of the coronavirus on the economy
and public finances.

This scenario illustrates a fast 'v-shaped' economic recovery with little economic scarring that
would lead to a 12.8% fall in real GDP in 2020. Other forecasts are more pessimistic,
anticipating significant longer-term reductions in GDP.

• Jobs. There was a 70% increase in the number of claims for unemployment benefits from
March to April 2020. As of 11 May 2020, over 7.5 million people were furloughed under the

151 Wildlife And Countryside Link (2020) Huge nature, well-being and climate cost of coronavirus. 
152 Green Alliance (2020) Blog: We must see our national parks as an agent of positive change after lockdown. 
153 Kovats, R.S., and Osborn, D., (2016) UK Climate Change Risk Assessment Evidence Report: Chapter 5, People and the 
Built Environment. 
154 Dawson, R.J., Thompson, D., Johns, D., Gosling, S., Chapman, L., Darch, G., Watson, G., Powrie, W., Bell, S., Paulson, 
K., Hughes, P., and Wood, R. (2016) UK Climate Change Risk Assessment Evidence Report: Chapter 4, Infrastructure. 
155 IMF (2020) Blog: The Great Lockdown: Worst Economic Downturn Since the Great Depression. 
156 ONS (2020) GDP monthly estimate, UK: April 2020. 
157 HM Treasury (2020) Forecasts for the UK economy: a comparison of independent forecasts, May 2020. 
158 OBR (2020) Coronavirus analysis: coronavirus reference scenario. 
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Coronavirus Job Retention Scheme (CJRS), and a further 1.1 million people had claimed from 
the Self-Employment Income Support Scheme by 14 May.159,160 Excluding vacancies in the 
health and social care sectors, the number of new job vacancies being advertised in the first 
week of April were 79% below their 2019 levels, and 74% below their 2019 levels in the first 
week of May.161 Depending on the rate at which people are able to return to their jobs safely 
and businesses are able to retain their workforce, we may see the UK move from a pre-crisis 
jobs market where unemployment was at very low levels, to having an underemployed 
workforce that needs new, productive and future-ready jobs. 

• Distributional impacts. The pandemic has affected all people in the UK but has highlighted
and may increase wealth and health inequality. This can been seen across many
demographic groups, including by age, income, ethnicity, employment type, and geography.
Mortality rates from COVID-19 in the most deprived areas in England are double those in the
least deprived, and are higher in Black, Asian and Minority Ethnic (BAME) groups than in
White ethnic groups.162 The lowest-earning 10% of workers were seven times as likely as the
highest earners to work in sectors that have closed, and are also much less likely to be able to
work from home.163 At the same time, others (particularly in higher-income households who
are able to work from home) will have accumulated savings due to reduced opportunities to
spend. As well as calling attention to existing inequalities, COVID-19 has opened up new
dimensions of inequality that were previously perceived as being less significant (for
example the ability to work at home, quality of housing, or access to gardens and green
spaces).164

• Public finances. A number of policies have been implemented by the Government and the
Bank of England in order to protect businesses and workers. As tax revenues fall and
government spending increases, the budget deficit will rise in the next year and is expected
to leave a permanent increase in levels of public sector net debt (PSND). However, if the rate
of growth engendered by government investment is greater than the (currently very low)
interest rate, then the debt/GDP ratio will fall.165 It is unclear exactly how large the impact on
public finances will be, but it will clearly be substantial and have implications for spending in
the future. The Office for Budget Responsibility reference scenario would see PSND rise to
96% of GDP in 2020-21.166

• Energy and energy commodities. The shutdown of major economies and travel routes has
contributed to excess global oil supply, and prices have fallen dramatically. The impact on
natural gas prices has been less clear, in part because it is not used as a transportation fuel,
but reduced energy demand, warmer temperatures and contracts linked to the oil price have
likely contributed to a fall in prices in the UK. Electricity prices in Great Britain have fallen due
to lower natural gas prices and lower electricity demand, leading to a decade-low average
wholesale spot price of £23.0/MWh in April 2020 (Figure 5.2).

Lower economic output, and the associated fall in energy demands, will have a direct impact on 
greenhouse gas emissions in 2020 and beyond.  

159 HMRC (2020) HMRC coronavirus (COVID-19) statistics. 
160 ONS (2020) Labour market overview, UK: May 2020. 
161 IFS (2020) Job vacancies during the Covid-19 pandemic. 
162 Public Health England (2020) Disparities in the risk and outcomes of COVID-19. 
163 IFS (2020) Sector shutdowns during the coronavirus crisis: which workers are most exposed? 
164 Blundell. R, Costa-Dias. M, Joyce. R, Xu. X for IFS (2020) Royal Economic Society webinar: Inequality and Covid-19. 
165 Advisory Group on the Costs and Benefits of Net Zero for the CCC (2020) Supplementary report. 
166 OBR (2020) Coronavirus analysis:  coronavirus reference scenario. 
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Work that the Committee has previously commissioned shows that changes to GDP growth and 
energy prices continue to affect UK emissions (Box 5.2). To reach net-zero emissions, economic 
output must be further decoupled from greenhouse gas emissions. 

Any lasting impacts on jobs, inequality and public debt will have clear implications for achieving 
the right balance of who is most able to invest in the low-carbon transition, who will need to be 
supported, and where the benefits should be distributed. This challenge is important context for 
the Treasury Net Zero Review of how the transition will be fairly funded. 

If changes in energy prices are sustained, this will have an impact on the specific details of the 
climate policies that will be most effective. For example, lower petrol prices may reduce 
consumer incentives to choose an electric car in the absence of other incentives, but they may 
also allow Government to raise additional revenue and put an appropriate carbon price on 
emissions without harming consumers (Box 5.6).  

Figure 5.2. Prices of fossil fuels and electricity have been lower in the UK in 2020 

Source: Aurora Energy Research (2020) EOS insights, https://eos.auroraer.com/ 
Notes: Dashed lines show prices in 2019 compared to solid lines in 2020. 'UK Gas price' is the short-run marginal 
cost of producing electricity from a combined cycle gas turbine (CCGT) plant, including carbon costs.  
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Box 5.2. Historical impact of lower growth on UK emissions 

UK economic activity was much lower than expected as a result of the global financial crisis, and the 
subsequent recession and slow recovery which significantly lowered energy-related CO₂ emissions. UK 
GDP was 14.5% lower by 2017 than the government expected when the carbon budgets were set in 
2009. Manufacturing output was 22% lower. Work we commissioned in 2019 estimated that the impact 
of lower economic activity was to reduce CO₂ emissions by around 281 MtCO₂e over the ten years of 
the first and second carbon budgets, compared to a counterfactual scenario where the recession did 
not take place and growth was in line with the government’s assumptions. 

Figure B5.1. Key factors causing UK emissions to be lower than expected in 2008 

Source: Cambridge Econometrics for the CCC (2019) How the UK met its carbon budgets. 

d) New ways of living, attitudes and values

The pandemic has forced the UK population to change how they live their daily lives. In 
particular, ways of working and travelling have changed rapidly:  

• Working from home and reduced business travel. Nearly half (49%) of all employed adults
reported they worked from home in the first half of April 2020, compared to around 5% who
mainly worked from home in 2019.167 Organisations have had to rapidly change the way they
work, with increased reliance on video- and tele-conferencing. However, this impact has not
been spread equally across all sectors, and not all businesses are capable of making these
changes and need more support. There are parallels to the net-zero transition here, where
some industries and vulnerable workers will need more support as structural changes to
energy, transportation, and land systems take place.

• Active travel and green spaces. The number of people using parks in the UK initially
remained lower than pre-crisis levels, but their use did not see nearly as sharp a decline as
other recreational activities and was above the pre-lockdown baseline by May as the weather
improved (Figure 5.3).

167 ONS (2020) Coronavirus and the latest indicators for the UK economy and society: 4 June 2020. 
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Surveys of attitudes have shown a greater appreciation for nature,168 but also an increase in 
wildlife crimes as fewer police and conservation workers are present to spot illegal activity.169 
People have turned to walking and cycling for exercise and transportation in line with social-
distancing guidelines. Levels of cycling have more than doubled across Great Britain (Figure 
5.4). A survey carried out on behalf of Sport Wales found that 67% of people who cycled for 
leisure have done more than usual, while data from Scotland show that cycling has increased 
during lockdown, particularly where cycling levels were previously low.170 The Transport for 
London (TfL) 'Streetspace' programme plans to accommodate a possible ten-fold increase in 
cycling and five-fold increase in walking when lockdown restrictions are eased.171  

• Public transport. Public transport use has fallen by more in the UK than the use of private
vehicles, with demand down by more than 85% for buses and over 95% for national rail at
the peak of the lockdown (Figure 5.4). Health concerns over using public transport,
particularly at peak times when services are crowded, could lead to a more permanent
reduction in demand once restrictions are lifted. Public transport still has clear benefits for
reducing greenhouse gas emissions and improving air quality, due to lower emissions per
passenger and for its role in reducing road congestion. The Government's Transport
Decarbonisation Plan earlier this year set out a vision where public transport is a 'natural first
choice'. The pandemic will make a switch from private to public transport more difficult to
achieve.

• International travel. As international borders have closed, the number of flights has fallen
drastically. There was a two-thirds drop in total global scheduled flights during April and May
2020 compared to a year earlier, and more than a 90% fall in flights to and from the UK.172 A
perceived increase in the risks of air travel,173 social distancing requirements on aircraft,
possible health checks at airports, and the possibility of quarantine upon landing is likely to
supress air passenger demand after restrictions are lifted. Demand is expected to remain
below 2019 levels for several years. This may be reinforced by changes in business practices;
organisations that have become more used to remote working may be less willing to pay for
company flights in future. There could also be a fall in average trip length as consumer
preferences shift towards shorter-haul flights.174

Each of these behaviour changes has the potential to alter the long-term emissions trajectory of 
the UK. What is unclear is the extent to which these changes are 'sticky', or whether people 
revert to old ways of working and travelling once restrictions are lifted. The longer changes go 
on for, the more likely it is that they will be somewhat sticky. Government has a clear role to play 
in ensuring that positive behaviours can last, while the negatives are avoided are as much as 
possible.  

168 Opinium (2020) Poll for CPRE and the National Federation of Women’s Institutes: Appreciation of green space grows 
during lockdown. 
169 Wildlife Trusts (2020) Love and look after it: Wildfires, vandalism, littering and disturbance to wildlife. 
170 Transport Scotland (2020) COVID-19 Transport Trend Data - 4-10 May 2020. 
171 Mayor of London and TfL (2020) Press release: Mayor’s bold new Streetspace plan will overhaul London’s streets. 
172 OAG Aviation Worldwide Limited (2020) Coronavirus airline schedules data. 
173 Opinium (2020) The Political Report 13 May 2020. 
174 IATA (2020) Outlook for air travel in the next 5 years. 
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Figure 5.3. Changes in UK mobility patterns in 2020 

Source: Google (2020) Community Mobility Reports; CCC analysis. 
Notes: Data are presented as a weekly average (Mon-Sun). The data show visitors to, or time spent in, categorised 
places change compared to a baseline day, which represents a normal value for that day of the week. The 
baseline day is defined as the median value from the 5-week period Jan 3-Feb 6, 2020. 

Figure 5.4. Changes in UK transport use in 2020 

Source: COBR (2020) Datasets to accompany coronavirus press conference: 4 June 2020; CCC analysis. 
Notes: Transport data is indexed to the equivalent day in either January or February 2020 (motor vehicles and 
buses), 2019 (rail) or March 2020 (cycling). TfL=Transport for London. 
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As well as new behaviours, it is possible that we will see new attitudes and values as we begin to 
rebuild from the pandemic. The permanence of these changes is similarly uncertain: 

• Recognition of the ability to change rapidly when needed. The pandemic has highlighted
the possibility of rapid and significant changes. One clear example is remote GP
consultations. In the four weeks leading up to 12 April, 71% of routine GP consultations were
delivered remotely, compared to 25% the previous year. There is still a need for physical
consultations, and the Chair of the Royal College of GPs expects some reversal of this change
back to an approximate 50% split,175 but there has been a broad recognition that transitions
can happen much more quickly than anticipated as the underlying balance of risks change.

• Value of clean air, green spaces, and comfortable homes. The majority (53%) of people
say they appreciate local green spaces more since the country adopted social distancing
measures and 63% feel protecting local green spaces should be a higher priority for the
government when lockdown ends.176 A majority of people (71%) were concerned about air
pollution returning to pre-lockdown levels.177

• Public prioritisation of health and the economy. Polling shows a sustained increase in the
share of the public that identified the National Health Service (68%) and the economy (57%)
as the most important issues facing the country.

• Climate change remains a top priority. Polling shows that two-thirds of British people
believe that climate change is as serious a risk as COVID-19 in the long term, and 70% agree
that if the Government does not act now to combat climate change, it will be failing the
general public.178 The BEIS Public Attitudes Tracker, carried out throughout March 2020,
showed 76% of the UK are 'very concerned' or 'fairly concerned' about climate change.179

Climate change and the environment remains in the top four priority areas in answer to the
questions 'what are the most important issues facing the country' and 'what sector should
the UK government spend more on?'.180 Participants in the UK Climate Assembly
overwhelmingly (93%) agreed that the Government, employers and others should take steps
as lockdown eases to encourage lifestyles to change to be more compatible with reaching
Net Zero (Box 5.3).

• Risk aversion and value of preparedness. There is evidence that the tolerance of financial
risk decreases in households that report they have lost wealth in a financial crisis.181 We are
not aware of any analysis that has considered how the pandemic will alter household
perceptions of risk and actions to prepare for risks, including those from extreme weather
and climate change. We will revisit this in our 2021 Progress Report.

175 RCGP (2020) Press release: Around 7 in 10 patients now receive GP care remotely in bid to keep patients safe. 
176 Opinium (2020) Poll for CPRE and the National Federation of Women’s Institutes: Appreciation of green space grows 
during lockdown. 
177 YouGov (2020) Survey for Greenpeace 6th-7th May 2020. 
178 Ipsos MORI (2020) How does the world view climate change and Covid-19? 
179 BEIS (2020) BEIS Public Attitudes Tracker (March 2020, Wave 33, UK). 
180 Yougov (2020) Top issues; What sector should the UK government spend more on? 
181 Necker, S. & M, Ziegelmeyer. (2014) Household Risk Taking after the Financial Crisis. 
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These changing attitudes will affect future government climate policy. Individuals may be more 
willing to accept changes that decrease our exposure to climate risk, improve public health, and 
have benefits to the natural environment. Government bodies in charge of health and the 
natural environment can take a more active role in climate policy development that also has 
health and natural environmental co-benefits, such as active travel, extent of and access to 
green space, air quality and healthier diets. 

Box 5.3. Climate Assembly UK: COVID-19, recovery and the path to Net Zero 

“I am very concerned that the COVID-19 pandemic will push the Net Zero target further down the agenda of 
public policy and this should not be allowed to happen. Net Zero should be at the forefront of the policy 

priorities going forward and should be woven in to each aspect of the recovery. The benefits of doing this 
(and the risks of not doing this) should be emphasised to the public and every opportunity so that 

individuals and employers should also make the best decisions when returning to 'normal' life.” 

In June 2019, six Select Committees of the House of Commons called a citizens’ assembly to 
understand public preferences on how the UK should tackle climate change. Its 110 members were 
selected through a ‘civic lottery’ to be representative of the UK population. The final report ‘The path to 
Net Zero’, due later in 2020, will consider how the UK can meet the Government’s legally binding 
target to reduce greenhouse gas emissions to net-zero by 2050. 

The final meeting of the assembly was moved online due to the pandemic, and split into shorter 
sessions across three further weekends in April and May 2020. The assembly was able to discuss 
COVID-19 and possible links and considerations for climate change, and reported their findings in an 
interim briefing paper: 

• Lifestyle change. Assembly members discussed whether or not they felt government, employers
and others should take steps as lockdown eases to encourage lifestyles to change to be more
compatible with reaching Net Zero. In total 93% of assembly members strongly agreed or agreed
that such steps should be taken. Key themes of discussion included: working from home; changes
to how we travel; taking the opportunity to create change; and the role of the Government and
businesses in promoting positive changes in behaviour.

• Economic recovery. Assembly members discussed whether or not they felt steps taken by the
government to help the economy recover should be designed to help achieve Net Zero. In total
79% of assembly members strongly agreed or agreed that this should be the case. 9% disagreed.
Key themes included limits or conditions to investment in high-carbon industries, rethinking and
investing in infrastructure; supporting low-carbon industries; the economic opportunities of Net
Zero; taking the opportunity to create change; and the need to tackle COVID-19 and climate
change together. In places, this was caveated with cautions around uncertainty and ensuring that
actions do not hinder an economic recovery.

Source: Climate Assembly UK (2020) COVID-19, recovery and the path to Net Zero. 
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3. The economics of a resilient recovery
In May 2020, the Committee reconvened its Expert Advisory Group on the Costs and Benefits of 
Net Zero to consider the macroeconomics of the pandemic and the role of climate change 
measures in supporting a recovery (Box 5.4). The Group was clear that climate policy should play 
a central role in the efforts to rebuild from COVID-19. 

Building on the evidence provided by the advisory group, we conclude that policies to recover 
from the pandemic should stimulate confidence in the short run while building productive 
capacity in the long run: 

• In the short term, with the economy operating well below capacity, action by Government
must protect workers and businesses, restore confidence, stimulate spending and rebuild
the economy. These goals can be strongly complementary to the UK's climate goals.

• For the long term, the UK must invest in key assets to build capacity and enable productive
activity in the future. This means investing in climate-resilient low-carbon infrastructure,
training and reskilling, knowledge, and natural, social and institutional capital. Public money
spent now should not support industries or infrastructure that is not consistent with the
future Net Zero economy.

There is strong evidence that a wide range of low-carbon and climate change adaptation 'green 
stimulus' measures fulfil both of these criteria (Table 5.1): 

• In the short run, green stimulus policies can be economically advantageous compared to
traditional fiscal stimuli. They tend to have higher short run multipliers and higher numbers
of jobs created182 and domestic construction projects, (e.g. insulation retrofits or building
wind turbines) are less susceptible to offshoring.183 Most measures - including peatland
restoration, tree planting and improving the condition of green spaces - have high
benefit:cost ratios with multiple co-benefits for health and the natural environment as well
as the economy.

• In the long run, investments in low-carbon and adaptation technologies can lower costs and
help to accelerate deployment and innovation in a 'virtuous reinforcing cycle'. This has been
seen in wind, solar and possible battery technology, where costs have fallen rapidly with
increasing scale (chapter 2, section 2). This needs to be seen with more emerging
technologies, including adaptation technologies such as passive cooling, sustainable urban
drainage and property-level flood protection. The long-run benefits from these investments
stem from a transition to a low-carbon, highly-efficient and more resilient economy, with
productivity and efficiency benefits that pass through to the wider economy. We know low-
carbon and climate adaptation investments are consistent with a future net-zero economy;
investments in the fossil fuel industry or petrol/diesel car manufacturing would have to be
reversed in future.

The 'green' stimulus measures that were introduced in the wake of 2008-09 global financial crisis 
accounted for only 16% of the total global stimulus at the time.184  

182 Studies evaluating green packages in the wake of the 2008-09 financial crisis found that green projects, such as 
renewable energy infrastructure lead to higher numbers of jobs created compared with traditional stimulus. M. 
Jacobs (2012) Green Growth: Economic Theory and Political Discourse. 
183 Allan, J., Donovan, C., Ekins, P., Gambhir, A., Hepburn, C., Robins, N., Reay, D., Shuckburgh E., and Zenghelis, D. 
(2020). A net-zero emissions economic recovery from COVID-19. Smith School Working Paper 20-01.  
184 Robins, N. et al (2010). Delivering the Green Stimulus. HSBC Global Research, New York, 9th March. 
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A decade later, the UK can be much more ambitious with investments in low-carbon measures, 
as the options are now cheaper and more readily available, while the risks of stranded high-
carbon assets are much higher.185 

Overall, the Committee recommends that investments in low-carbon and climate adaptation 
infrastructure must be at the heart of measures to restore economic growth following COVID-19. 

Box 5.4. Advisory Group on the Costs and Benefits of Net Zero: COVID-19 

The Committee established an advisory group on the costs and benefits of Net Zero to provide key 
evidence for our 2019 Net Zero advice. The Committee asked the group to reconvene in May 2020 and 
revisit their advice in light of the COVID-19 crisis and its wide-ranging economic impacts. 

The supplementary report produced by the Group reiterates their previous recommendations, and 
concludes that if the 2050 Net Zero target is to be reached at least-cost it is imperative that net-zero 
policy guides the post-COVID-19 recovery.  

The Group also provides new evidence on the resource costs and co-benefits of decarbonisation. It 
notes continued downward trends in the costs of wind, battery and solar photovoltaic technologies 
over the last year, and highlights the potential for fossil fuel importing countries like the UK to avoid 
volatilities in the oil market through the secure supply of low-cost renewables. The Group raises the 
possibility that the phrase ‘cost of abatement’ could become redundant when abatement of carbon 
emissions through zero-carbon electricity is actually the cheapest way of delivering energy services. 

The new macroeconomic circumstances and principles for the recovery 

As part of the Group’s report, individual members contributed supporting annexes. 

Annex 1 sets out the new macroeconomic circumstances facing the UK economy following the 
pandemic and argues that the priority is to restore confidence and channel public and private funds to 
productive investment. It sets out principles for a recovery across fiscal policy; recovery and 
investment; monetary policy and liquidity; and guiding long-run expectations. 

Annex 2 identifies the key criteria for stimulus that supports both economic recovery and energy 
transition as: having a material impact in increasing the productive capacity of the economy and 
stimulating wider economic activity; starting to have an impact within a relatively short period (12-24 
months); being time-limited and project-specific; and being administratively easy to implement. This 
section further identifies four broad categories of green stimulus that fit these criteria:   

• Public investment programmes, to stimulate economic activity in the near term and enhance the
capacity of the economy to grow in the longer term.

• Fiscal incentives, to stimulate specific clean-energy investments, technologies, and products.

• Targeted business support to the hardest-hit sectors of the economy.

• Leveraging in private investment, in strategic sectors, by using the long-term strength of
government balance sheets to reduce risks and capital costs for private investment in energy
transition-critical infrastructure and technologies.

The section ends with suggested areas for post-COVID-19 investment: offshore wind, carbon capture 
and storage (CCS), transition of the oil and gas industry to clean energy production; close-to-market 
green technologies, such as floating offshore wind or advanced aviation biofuels;  

185 Allan, J., Donovan, C., Ekins, P., Gambhir, A., Hepburn, C., Robins, N., Reay, D., Shuckburgh E., and Zenghelis, D. 
(2020). A net-zero emissions economic recovery from COVID-19. Smith School Working Paper 20-01. 
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Box 5.4. Advisory Group on the Costs and Benefits of Net Zero: COVID-19 

electric vehicle infrastructure; natural capital including restoration of carbon-rich habitats and climate-
friendly agriculture. 

Annex 3 sets out five principles for a COVID-19 recovery that is aligned to net-zero: prioritise public 
spending and policy on low-carbon programmes; deliver on existing fiscal commitments from the 
Budget to leverage investment and cut emissions; stimulate a green recovery through smarter 
regulation and clear policy; build a green economic recovery into plans to support companies 
recovering from the pandemic; coordinate a global response to the climate crisis. 

The annex further identifies priority actions against each of those principles across the economy, 
including: energy efficiency and heat; renewable electricity; electric vehicles; CCS; carbon pricing; low-
carbon infrastructure; low-carbon conditions on bail-outs; skills and retraining; and international 
leadership. 

The report concludes: 

'The Advisory Group was asked to reflect on whether the economic circumstances consequent on and 
subsequent to COVID-19 are likely to have affected the Group’s conclusions in its 2019 Report, as set out in 
Section 2. Our conclusion is that, if anything, our recommendations from that Report have been reinforced 
by events since. 

The climate science has not changed, justifying the pursuit of a 1.5°C target. Low-carbon electricity and 
storage have become significantly cheaper. So have fossil fuels for the moment, of course, but the volatility 
of oil markets gives little confidence that this will persist over the recovery. There is now a much greater 
economic rationale for substantial public investment, and the right measures to crowd in private 
investment, than there was then. This paper has identified in more detail than the earlier report the options 
for investment that can be justified in terms of both contributing to the economic recovery and reducing 
emissions. Without explicitly stimulating the recovery in this direction, there is every likelihood that the 
economy will grow back into its old, high-carbon trajectory, investments in inappropriate infrastructure will 
be made, and this will either need to be scrapped at some cost before the end of its life, or the Government’s 
statutory GHG emission reduction target will be missed.  

COVID-19 has been a terrible tragedy, but the economic recovery from it gives the UK a chance to grow back 
in a way that is fit for the low-carbon future to which it aspires, and that can benefit from the industrial and 
economic developments that this future offers. It would be a double tragedy from the COVID nightmare if 
this opportunity were missed.' 

Source: CCC Costs and Benefits Advisory Group supplementary report, available at www.theccc.org.uk 
Notes: The group was chaired by Prof. Paul Ekins (UCL) and included Mallika Ishwaran (Shell), Rain Newton-Smith 
(CBI), Philip Summerton (Cambridge Econometrics), Prof. Karen Turner (University of Strathclyde) and Dimitri 
Zenghelis (UCL). Prof. Nick Robins (LSE) also attended the meeting to advise on green finance, on which he is 
chairing a separate advisory group to inform the Committee’s Sixth Carbon Budget advice. 
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Box 5.5. Lessons from the global financial crisis 

Caution is needed in drawing comparisons with previous recessions, given the very different 
circumstances of the COVID-19 crisis and the 2009 global financial crisis. Nevertheless, there are lessons 
that can be learnt from 2009 around the nature of recovery: 

• Green stimulus measures played a limited role in 2009, but tended to perform well. Studies
evaluating the green packages involved in the recovery from the financial crisis, such as renewable
energy infrastructure, have shown that such measures create a higher number of jobs in
comparison to traditional stimulus and over the long term can achieve cost savings.186

Construction projects too, such as insulation retrofits, have advantages over alternative stimulus
measures, in particular the fact that they more reliably result in domestic economic activity rather
than stimulating activity overseas. Even putting climate change aside, the financial crisis has shown
that there is a pragmatic case for prioritising low-carbon and adaptation investments for recovery.

• Carbon-intensive investments would “lock-in” future climate change, and need to be
reversed. In the wake of the financial crisis, global governments embarked on a variety of green
stimulus programmes which amounted to 16% of the total public stimulus, but global subsidies for
carbon-intensive industries also continued. Global greenhouse gas emissions quickly rebounded
and returned to growth at rapid rates by 2010.187 Green packages must make up a far higher
percentage of stimulus in the wake of COVID-19, to ensure that fossil fuels are not extended
beyond their natural commercial life. It is important that fiscal measures that are not explicitly
‘green’ do not make achieving climate change goals more difficult by subsidising greenhouse gas
emissions or locking in high-carbon or non-climate-resilient infrastructure for decades to come

• Green stimulus must not be followed by green austerity. The green stimulus money in the
wake of the financial crisis was welcome. However the years following cut back public investment
into many green activities. If green investments are accelerated, this must not come at the cost of
investable and sustained medium-term support.

• The terms of debt or equity associated with bailouts are important levers. The Government
may have to bail out large organisations, and should consider the terms of its debt or equity. After
the financial crisis, the Government took equity stakes in large financial institutions, and still holds
much of this stake today (e.g. the Government is still a majority shareholder in RBS). Should the
Government make similar bail outs in the coming months, it is likely that it will have a relationship
with these companies for many years to come. Using this relationship to promote transition has
the potential to be a powerful lever on a Net Zero trajectory.

4. Principles for a resilient recovery
The UK faces a 'resilience deficit' where we are underprepared for even the minimum level of 
expected impacts of climate change and do not yet have strong plans in place to reduce 
greenhouse gas emissions to net-zero across the economy. Measures to reduce greenhouse gas 
emissions and adapt to climate change can support the recovery from COVID-19. It is essential to 
reset planning across Government for Net Zero and to build better resilience headroom to the 
climate risks. 

186 Allan, J., Donovan, C., Ekins, P., Gambhir, A., Hepburn, C., Robins, N., Reay, D., Shuckburgh E., and Zenghelis, D. 
(2020). A net-zero emissions economic recovery from COVID-19. Smith School Working Paper 20-01. 
187 Peters, G., Marland, G., Le Quéré, C., Boden, T., Canadell, J., & Raupach, M. (2011). Rapid Growth in CO₂ Emissions 
after the 2008–2009 Global Financial Crisis. Nature Climate Change. 2. 2-4. 10.1038/nclimate1332. 
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In May 2020 we wrote to the Prime Minister and the First Ministers of the UK setting out six 
principles for a resilient recovery. 

1. Use climate investments to support the economic recovery and jobs.

There is a detailed set of investments needed to reduce emissions and manage the social, 
environmental and economic impacts of climate change. Many are labour-intensive, shovel-
ready, spread geographically across the UK and will have high multiplier effects. Government 
can act to bring these investments forward, often without direct public funding or by co-
financing to accelerate private investment, as part of a targeted and timely stimulus package 
with lasting, positive impacts (Section 4.5). 

2. Lead a shift towards positive long-term behaviours.

There is an opportunity to embed the new social norms, especially for travel, that benefit well-
being, improve productivity, and reduce emissions. Government can lead the way through its 
own operations (e.g. encouraging home working and remote medical consultations), through 
public communications and through infrastructure provision (e.g. prioritising resilient 
broadband investments over the road network, improving safety for cyclists), and investing in 
measures to facilitate social distancing on public transport.  

3. Tackle the wider ‘resilience deficit’ on climate change.

This crisis has emphasised the importance of evidence-led preparations for the key risks facing 
the country. Comprehensive plans to reduce emissions and to prepare for climate change are 
not yet in place. Strong policies from across government are needed to reduce our vulnerability 
to the destructive risks of climate change and to avoid a disorderly transition to net-zero. 
Business must also play its part, including through full disclosure of climate risks. Plans must be 
implemented alongside the medium-term response to COVID-19 and will bring benefits to 
health, well-being and national security. 

4. Embed fairness as a core principle.

The crisis has exacerbated existing inequalities and created new risks to employment in many 
sectors and regions, placing even greater priority on the fair distribution of policy costs and 
benefits. The response to the pandemic has disproportionately affected the same lower-income 
groups and younger people who face the largest long-term impacts of climate change and will 
be most affected by the transition to a net-zero economy. The benefits of acting on climate 
change must be shared widely, and the costs must not burden those who are least able to pay or 
whose livelihoods are most at risk as the economy changes. It is important that the lost or 
threatened jobs of today should be replaced by those created by the new, climate-resilient 
economy. 

5. Ensure the recovery does not ‘lock-in’ greenhouse gas emissions or increased climate risk.

It is right that actions are taken to protect jobs and industries in this immediate crisis, but the 
Government must avoid ‘lock-in’ to higher emissions or increased vulnerability and exposure to 
climate change impacts over the long term. Support for carbon-intensive sectors should be 
contingent on them taking real and lasting action on climate change, and new investments 
should be resilient to climate change. 
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6. Strengthen incentives to reduce emissions when considering fiscal changes.

Changes in tax policy can aid the transition to net-zero emissions. Many sectors of the UK 
economy do not currently bear the full costs of emitting greenhouse gases. Revenue could be 
raised by setting or raising carbon prices for these sectors, and low global oil prices provide an 
opportunity to offset changes in relative prices without hurting consumers. The UK’s future 
carbon pricing mechanism should be designed to ensure that an appropriate price for carbon is 
maintained even in times of external shocks, for example through a well-designed floor price 
(Box 5.6). 

Box 5.6. Carbon pricing after EU exit 

Since 2005, the UK has been a member of the EU Emissions Trading System (EU ETS), widely recognised 
as a flagship emissions trading policy around the world. The UK also taxes carbon in the power, 
industrial and business sectors. Leaving the EU presents an opportunity for the UK to align the 
ambition of its trading scheme to the UK's own circumstances. Furthermore, carbon taxation can drive 
decarbonisation whilst providing a source of revenue to Government.  

• The Government has proposed a UK ETS, intended to link directly to the EU's ETS in future. The
Committee agreed with this preference in its advice to Government in August 2019, citing the
benefits of increased liquidity and the protection around competitiveness of being part of a larger
scheme.

• The Government has committed to this UK ETS being more ambitious than the EU scheme from
the start and to revising it to align to the net-zero pathway after the Committee advises on that
pathway in December:

‒ The UK's share of the EU ETS was expected to be higher than its actual emissions for the 
foreseeable future. The cap of the linked UK ETS should be set based on the cost-effective 
path to the UK’s new net-zero target. We will provide that trajectory in our advice on the 
Sixth Carbon Budget (covering 2033-2037). 

‒ The proposed UK ETS covers emissions from the power sector, large industrial facilities, 
domestic aviation and flights to Europe. In principle the scope of the scheme could be 
extended to include nearly all UK GHG emissions. For example, our recent 
recommendations on agriculture and land use identified the importance of private funding 
to pay for increased afforestation. That could be achieved by including forestry in the UK 
ETS (with a tightened cap or alongside emissions from e.g. fossil fuel supply and 
international aviation). Inclusion of greenhouse gas removals more widely could also be 
appropriate.  

• Several commentators, including our Advisory Group (Box 5.4) have noted that the fall in oil and
gas prices as a result of the COVID-19 pandemic has led to a divergence in relative carbon prices
across the economy. Introducing carbon pricing can both incentivise low-carbon behaviour and
raise revenue for the Exchequer at a time when public finances are extremely stretched (Table 5.2).

However, carbon pricing alone will not provide sufficient decarbonisation to achieve the UK's Net-Zero 
objective. Whilst carbon pricing is essential it needs to be used as part of a suite of policy instruments, 
as confirmed by real-world experience internationally. 

Source: CCC (2019) and CCC (2020) Letters on the future of carbon pricing.  
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5. Climate policies to deliver a resilient recovery

a) Growing evidence supporting the merits of a green stimulus

Recovery packages, in the UK and elsewhere, following the 2008-09 global financial crisis, 
included only a relatively small share of green investments. There is now a growing evidence 
base (Table 5.1) to support that there is a wide range of such investments which can be 
delivered in a timely way, with significant multiplier effects for growth and jobs. Many would be 
targeted at, or could be designed to be initially targeted at regions or sectors which have been 
most affected, in economic terms, by COVID-19. 

Table 5.1. Supporting evidence for green stimulus policies 

Source Evidence 

Advisory Group on the Costs 
and Benefits of Net Zero for the 
CCC (2020) Supplementary 
report. 
www.theccc.org.uk 

The Committee established an advisory group on the costs and benefits of Net 
Zero for our 2019 Net Zero report. The Committee has asked the group to 
reconvene and update their advice in light of the COVID-19 pandemic. The 
report contains three Annexes giving evidence in support of a low-carbon 
recovery and recommendations for delivery (Box 5.4).  

Global Commission on 
Adaptation (2019) Adapt Now: A 
global call for leadership on 
climate resilience 
Source 

This report, published prior to the COVID-19 pandemic, suggests adaptation 
actions bring multiple benefits (a triple dividend): avoided losses; economic 
benefits; social and environmental benefits. Making infrastructure more 
climate-resilient is estimated to add only a small amount to upfront costs 
(around 3 percent), but have benefit-cost ratios of about 4:1. 

New Economics Foundation 
(2019) Recession Ready: A green 
plan to beat tomorrow’s 
downturn 
Source 

Published prior to the COVID-19 pandemic, this report makes the case for a 
large green stimulus element within the policy response to the next recession. 
It proposes criteria to assess potential components of such a package, 
including: length of lead-in time; absence of barriers to implementation; 
sequencing requirements (some measures being required to enable others); 
employment and GVA multipliers; level of emissions abatement; resource cost. 
Based on assessment against such criteria, measures ranking highly to take 
forward are: home insulation; EVs and charging network; flood defence and 
drought resilience; wind and solar; transmissions and distribution 
infrastructure; reskilling and training; tree planting; walking, cycling and bus 
infrastructure. 

World Bank (2020) Thinking 
ahead: For a sustainable recovery 
from COVID-19. 
Source 

Identifies a draft sustainability checklist for contributing to recovery: activate 
economic stimulus and job creation within 18 months; enable inclusive growth 
prospects and enhanced resilience beyond 18 months; promote 
decarbonisation and sustainable growth. 

Ecuity Consulting for the Local 
Government Association (2020) 
Local green jobs - accelerating a 
sustainable economic recovery. 
Source 

Provides analysis of the types of jobs required for a net-zero economy in 
England, where these will be located, and the role that local government could 
play working with industry to address skills demands. Identifies nearly 700,000 
jobs that will be needed in England by 2030, the majority of which are in low-
carbon electricity generation (23%), providing low-carbon heat for homes and 
businesses (23%), and energy efficiency products (21%). 
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Table 5.1. Supporting evidence for green stimulus policies 

Source Evidence 

Hepburn, C., O’Callaghan, B., 
Stern, N., Stiglitz J., and 
Zenghelis, D. (2020) Will COVID-
19 fiscal recovery packages 
accelerate or retard progress on 
climate change? Smith School 
Working Paper 20-02. 
Source 

Surveys 231 central bank and finance ministry officials, and other economic 
experts from G20 countries, on the relative economic performance of 25 major 
fiscal recovery archetypes across 4 dimensions: speed of implementation; 
economic multiplier; climate impact potential; overall desirability. 

Identifies five policies with high potential on both economic multiplier and 
climate impact metrics: clean physical infrastructure; building efficiency 
retrofits; investment in education and training; natural capital investment; and 
clean R&D. 

Allan, J., Donovan, C., Ekins, P., 
Gambhir, A., Hepburn, C., 
Robins, N., Reay, D., Shuckburgh 
E., and Zenghelis, D. (2020). A 
net-zero emissions economic 
recovery from COVID-19. Smith 
School Working Paper 20-01. 
Source 

Sets out an economic argument for using the net-zero transition to contribute 
to the economic recovery from COVID-19. Identifies measures with high short-
term economic impact offering long-term structural change in decoupling 
greenhouse gas emissions, potential to “level up” and address regional and 
intergenerational disparities, as affected workers are retrained, and 
infrastructure/environmental assets improved. 

Details ten policy recommendations to support the recovery (Energy 
generation, storage, and distribution; reducing industrial emissions; R&D; 
climate-smart infrastructure; broadband connectivity; nature-based solutions; 
electric vehicle conversion; home renovations and retrofits; education and 
training; conditional bailouts).  

Provides recommendations on delivery bodies and financial institutions. 

IPPR (2020) Faster, Further, 
Fairer: Putting people at the 
heart of tackling the climate and 
nature emergency. 
Source 

The report identifies nine criteria for a resilient recovery: sufficient scale; 
environmental benefits; promote local sustainable production and 
consumption; resilience benefits; job creation; targeted investments; timeliness 
and feasibility; supporting a transformational second phase of the recovery; fair 
distribution of costs and opportunities. 

It then identifies potential projects which can help aid the economic recovery 
and work towards the UK's climate and nature goals. (Energy efficiency retrofits; 
heat pumps for homes; peatland restoration and afforestation; flood defences; 
EV supply and infrastructure; heat networks; bus and rail networks; green urban 
transport; hydrogen and CCS infrastructure and supply chains). These measures 
are ranked by environmental benefits, job creation and timeliness. 

Energy Transitions Commission 
(2020) – 7 Priorities to help the 
global economy recover. 
Source 

Identifies priorities to help the global economy recover while building a better 
economy – invest in renewable power systems; boost construction via green 
buildings and green infrastructure; support automotive sector while pursuing 
clean air; make second wave of government support to business conditional to 
climate commitments; target support to innovative low-carbon activities; 
accelerate transition of fossil fuel industry; do not let carbon prices and 
regulation spiral down. 
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Table 5.1. Supporting evidence for green stimulus policies 

Source Evidence 

Vivid (2020) for WWF Building 
back a resilient and sustainable 
economy post COVID-19. 
Source 

Sets out a case for a targeted ‘green stimulus’ that can be more resilient in 
supporting recovery in the long run than ‘brown’ alternatives and will also 
improve quality of life.  

The report identifies up to £90bn of annual benefits to the UK from a net-zero 
transition, and estimates that investment in low-carbon infrastructure can 
boost long-term productivity and high returns, as every pound spent on low-
carbon investment options returns 3-8 times the initial investment.  

The report highlights five green investments for economic recovery: green 
buildings; nature and biodiversity; clean energy infrastructure (especially 
offshore wind and electricity networks); CCS; electric vehicles and charging 
infrastructure.  

WCL (2020) A green recovery: 
growing back better. 
Source 

Sets out the interconnections between ecological quality and the economy: 
healthcare and lost productivity due to poor environmental quality; reliance of 
critical economic sectors on nature including tourism and food; defence against 
natural risks including flood and drought. 

The organisation calls for plans to develop nature in the most nature-deprived 
areas; habitat creation to lock away carbon and increase resilience; investment 
in natural assets, like soils and fish stocks; and strong targets for nature, 
including ocean recovery, reduction in environmental footprint, and species 
loss. 

CBI (2020) Letter to the Prime 
Minister. Build back better: CBI 
proposals for a jobs-rich 
economic recovery. 
Source 

Sets out three principles for the a COVID-19 recovery that is aligned to net-zero: 
make jobs, skill-building and opportunities for young people the top priority; 
invest in the green economy to create new jobs, investment and a more 
sustainable future; kick-start demand and unleash competitiveness. 

Identifies priority actions against each of those principles across the economy, 
including programmes to increase skills and employment in low-carbon 
industries; a national retrofit programme for green homes; investment in green 
infrastructure including electric vehicles, renewable energy and CCS; 
investment in broadband; targeted support for sectors and places hardest hit 
by the crisis; investment in research and innovation and support for scale-up 
businesses. 

Aldersgate Group (2020) Seize 
the moment: building a thriving, 
inclusive and resilient economy 
in the aftermath of COVID-19. 
Source 

Calls for an economic recovery plan with climate and environmental criteria at 
its core that can deliver key public interest benefits, including: addressing 
regional inequality and unemployment; strengthening the UK’s economic 
competitiveness and productivity through investment in the sectors and 
technologies of the future; delivering critical public goods, including clean air, 
better health and improved resilience to future environmental shocks; building 
a more resilient financial system fit to withstand future climate shocks; 
delivering the Global Britain agenda by strengthening the UK government’s 
influence ahead of the G7 and COP26 summits. 

The report provides examples of shovel-ready projects, types of investments 
and policy interventions which will help deliver these benefits, and recognises 
that putting the UK on track for net-zero emissions and reversing the decline of 
the environment can be achieved without being overly reliant on public 
money. 
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b) Projects to support a resilient recovery

Approach 

In our May 2020 letter to the UK Governments we set out the kind of investments and other 
actions to be included. This covers measures - both for emission reduction and for adaptation - 
that should be brought forward and will help to boost the economic recovery through the 
creation of new jobs, upskilling of the workforce and investing in local areas. 

For this report, we have considered a wider set of measures and a wider set of evidence 
(including those above). We have considered the performance of that wider set of measures 
against the principles set out in the Committee's letter (Section 4), with our assessments set out 
in Table 5.2. 

• Criteria. The columns in Table 5.2 relate to the Committee's six principles for building a
resilient recovery.

‒ Unsurprisingly all measures perform well on tackling the resilience deficit since they are
taken from our scenarios to reduce emissions and prepare for climate change. 

‒ In assessing the potential to support the recovery we consider: potential for high 
multiplier effects; labour intensity of the measure; whether projects are 'shovel ready'. For 
measures with high multipliers and job-intensity we have broadly differentiated between 
projects that could be underway within around 12 months (Green) and those which 
require a lead-in time of two years or more (Amber). 

‒ In assessing the potential to shift to positive behaviours we consider: whether the 
measure reinforces low-carbon behaviour change, or evidence of values, observed 
during the COVID-19 lock-down; whether the measure could help accelerate changes in 
behaviour (such as uptake of new or unfamiliar technologies) required for meeting long-
term targets. 

‒ In assessing the potential to lock in greenhouse gases or increased risk we consider 
whether, in the absence of the measure, alternative investments or purchases would 
tend to be in carbon-intensive assets. 

‒ Assessing fairness is perhaps hardest. We consider whether the measure would tend to 
have broadly equal benefits across society or could benefit (or could be targeted to 
benefit) communities, regions or sectors: hardest hit by the economic impacts of COVID-
19; likely to be negatively impacted in the transition away from low-carbon activities; 
with relatively low levels of income. 

‒ For the purpose of the sixth principle, the measures are assessed against whether 
finance from public funds has already been announced and whether private finance can 
be leveraged.  

• Judgement. The assessment necessarily reflects our own judgements based on the
evidence:

‒ A “Green” rating means that the measure is assessed as consistent with the principle.

‒ An “Amber” assessment means that the measure is broadly consistent with the principle.
There may be a mixture of impacts, some positive and some negative; and/or, depending 
on design or targeting, there may be potential to address negative impacts. 
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‒ A "Red" assessment would imply largely negative impacts, but such measures are not 
included in the table. 

Findings 

Our updated assessment identifies many of the priorities identified in our previous letter and 
expands on it. Retrofits to improve the carbon performance of homes, commercial and public 
buildings emerge as a clear win-win, along with preparations for that programme through 
retraining workers and initiating local area approaches. Investments in natural capital, 
strengthening energy networks, and supporting active travel all emerge strongly as well. 

Key priorities in infrastructure investments include: 

• Low-carbon retrofits and buildings that are fit for the future.

‒ Where the skills to develop these measures already exist, these projects can begin now,
are labour-intensive and have direct social benefits of more comfortable buildings 
leading to improved well-being and health. Local planning and regional approaches are 
likely to be required in any case to drive delivery initially, providing an opportunity to 
direct early progress to areas in most need of economic stimulus. 

‒ New buildings must be low-carbon, energy and water efficient and climate resilient, and 
green energy 'passports' for existing homes and local energy plans could be rolled out 
across the UK over the next few years. 

‒ Moreover, deep retrofits to improve carbon- and water-efficiency and protect against 
overheating can be provided on a targeted basis, for example for the fuel poor or across 
social housing. 

‒ As we emerge from the crisis, supply chains must be developed including the roll-out of 
heat pumps and heat networks, with further funding for heat pumps off the gas grid to 
2025. 

‒ In the immediate term, bringing forward funding for renovating public sector buildings 
can set an important standard and cut public energy bills - and targeted support for SMEs 
to improve energy efficiency can help boost productivity. 

• Natural capital investments: tree planting, peatland restoration and green
infrastructure. Our net-zero recommendations call for landscape-scale change across the
UK, targeted initially to where they are needed most. These measures can deliver significant
benefits for the climate, biodiversity, air quality and flood prevention. Tree planting and
peatland restoration can both bolster carbon sequestration and better prepare our
environment for future climate change. The importance of urban greenspace to people has
been highlighted by the COVID-19 crisis. Restoring parks, urban tree planting, and
supporting the green roof and sustainable drainage industries can help to bolster the UK's
slow-growing adaptation services sector.

• Strengthening energy system networks.

‒ Electricity networks must be strengthened across the UK to accommodate electrification
of heat and transport. There is also an urgent need to provide for more orderly and 
cooperative processes for connecting offshore wind to the national grid when it reaches 
the shore. 
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‒ There is an opportunity for governments, regulators and industry to work together to 
accelerate new hydrogen and carbon capture and storage (CCS) infrastructure which will 
be needed to support the next phase of the net-zero transition. 

‒ The cost will need to be borne at some point as part of the net-zero transition in any case 
and can be recovered through modest increases in customer bills over periods of several 
decades. The next electricity network price control period should be used by Ofgem and 
industry to push forward low-regret investments in network capacity. 

‒ Government, regulators, local authorities and industry should work together to establish 
mechanisms by which en route, destination and on street electric vehicle charging can 
start to fulfil something approaching a universal service expectation, and accelerate 
investment in charging points to enable it. 

‒ It may be possible to accelerate plans for renewable power generation if contracts can be 
awarded quickly enough in a competitive way. These would be helpful for the recovery 
as such investments have high multipliers, but they do not stand out as a current barrier 
to progress towards a net-zero economy. 

• Infrastructure to make it easy for people to walk, cycle, and work remotely. Dedicating
safe spaces for walking and cycling, more bike parking and support for shared bikes can be
tied to new public attitudes towards walking, cycling and green spaces. These measures can
be prioritised in the areas of the UK where investment is needed most. Public transport
planning must be consistent with social distancing measures and address new concerns
about public health. We should ensure that home working remains a widespread option;
higher investment in resilient digital technology including 5G and fibre broadband should
therefore be prioritised over strengthening the roads network.

• Moving towards a circular economy. If source-separation of wastes is implemented across
the nations of the UK, there is an opportunity to increase recycling rates rapidly, and ban the
landfilling of biodegradable wastes within five years - a key goal for the waste sector to
contribute towards Net Zero. Early support for local authorities to invest in waste collection,
re-use and recycling infrastructure is required, including diverting food and garden waste to
anaerobic digestion and composting facilities. This will reduce landfilling costs, deliver public
health benefits and create jobs across the regions.

There are also opportunities from policies to support the transition required by the workforce, 
shifts to lower-carbon behaviour and innovation to prepare for future challenges. 

• Reskilling and retraining programmes. The transition to Net Zero, as well as the response
to climate change itself, will require its own key workers. New and updated skills are needed
in the transition to Net Zero and to adapt to the changing climate. In particular, new support
to train designers, builders and installers is urgently needed for low-carbon heating
(especially heat pumps), energy and water efficiency, passive cooling, ventilation and
thermal comfort, and property-level flood resilience. The ability of a decarbonised UK
manufacturing sector to compete in global markets is dependent on having a labour force
with the requisite skills, not only in manufacturing products and materials, but also
engineering, procurement and construction management services. If suppressed oil prices
continue to affect jobs in the North Sea, we must retrain and redeploy this highly-skilled
workforce in the UK's future low-carbon industries, including CCS.
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• Leading a move towards positive behaviours. Current attitudes and the shared
experiences of COVID-19 create a window for Government to reinforce the climate-positive
behaviours that have emerged during the lockdown, including increased remote working,
cycling and walking. Public sector leadership can play a key role in the forming of new social
norms and expectations, for example by encouraging remote working and customer service
(e.g. consultations in the NHS) in the public sector, through procurement strategies and
through public communications.

• Targeted science and innovation funding. Research and innovation in low-carbon and
adaptation technologies is crucial for achieving our climate goals, the development and
diffusion of technologies and supply chains in the UK and internationally, and driving costs
down. The importance of research to understand fully the threats and learn how to manage
them has also been highlighted by the COVID-19 crisis.

The UK Government has already indicated an intention to deliver a large-scale national 
infrastructure programme. Many of these projects are critical to preparing for climate change 
and achieving net-zero emissions. Their acceleration is a priority. 

Table 5.2.a Recommended measures to support a resilient recovery - buildings efficiency 
Tackle the resilience 

deficit 
Support the 

economic 
recovery and 

jobs 

Shift towards 
positive long-

term 
behaviours 

Do not lock in 
GHGs or 

increased risk 

Fairness Finance 

Housing 
retrofits 
(energy 
efficiency) 

Substantial emissions 
and water saving 
potential; protection 
against over-heating; 
current number of 
measures well below 
requirement to meet 
Govt. target of all 
houses EPC Band C by 
2035 

Can begin now 
(short lead-in 
time); labour 
intensive; 
geographically 
distributed 

Reduced energy 
use; greater 
appreciation of 
comfort as more 
time spent at 
home during 
lockdown 

Quality control 
issues now 
managed 
under 
TrustMark 
scheme 

Improved well-
being and 
health; can start 
with fuel poor 
and social 
homes; reduced 
energy use 

Finance mechanism 
needed, but need 
not add to bills. 
Potential to 
leverage private 
money, but public 
investment key 

Low-carbon 
new homes 
(i.e. building 
homes now to 
the proposed 
2025 
standards) 

Substantial potential to 
save emissions and 
water – scheme must 
be limited to zero-
carbon homes and 
designed to protect 
against over-heating. 
Emissions in 
construction 

Can begin now 
(short lead-in 
time); labour 
intensive; 
geographically 
distributed 

Opportunity to 
facilitate 
sustainable 
transport 
choices,  and 
green spaces, 
and acceptance 
of low-carbon 
heating 
solutions 

Building new 
homes to 
inadequate 
standards now 
will require 
retrofit later. If 
weak 
compliance, 
emissions 
could be locked 
in 

Reduced 
running costs; 
immediate 
benefit only to 
new home 
buyers 

Small increase in 
build costs can be 
passed onto 
housebuilders; 
reduced running 
costs for occupants 
could encourage 
other spending 

Small 
business 
energy 
efficiency 
scheme 

Clear case set out in 
recent government 
consultation 

Strong recovery 
benefits and 
multiplier effect 

Businesses 
looking to cut 
costs can take 
behavioural 
measures to cut 
energy use 

Quality control 
must avoid 
poor 
installations  

National level, 
largest sector 
impacted is 
industrial 

Options are set out 
in recent 
consultation; some 
are revenue-neutral 
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Table 5.2.b Recommended measures to support a resilient recovery - low-carbon heating 

Tackle the 
resilience 

deficit 

Support the economic 
recovery and jobs 

Shift towards 
positive long-

term behaviours 

Do not lock in 
GHGs or 

increased risk 

Fairness Finance 

Low-
carbon 
heating - 
heat 
pumps 

Annual 
installations well 
below required 
level 

Significant scope to 
increase deployment 
within current budget; 
but medium-term 
expansion supply-
chain will be required, 
and measures to 
promote consumer 
demand 

Opportunity to 
increase awareness 
needed to 
accelerate required 
shift away from 
fossil-based 
heating systems 

Alternative 
replacement 
heating systems 
predominantly gas 
or oil 

Start with homes 
off-gas grid, social 
housing and area-
based schemes -
potential to target 
areas most 
affected by job 
losses 

Needs 
significantly 
more funding 
than currently 
allocated 

Low-
carbon 
heating - 
district 
heating 

Current growth 
well below 
required level 

Pipeline of early 
projects exists 

Opportunity to 
increase awareness 

Would need to 
focus on zero-
carbon heat 
sources (i.e. not gas 
CHP or biomass) 

Urban focus - but 
could potentially 
target lower-
income areas or 
those most 
affected by job 
losses 

Some funding 
already in place 
along with 
pipeline 

Local 
area 
plans & 
green 
passports 

Needed to 
broaden buy-in 
and begin 
progress 

Could be directed to 
areas in need of 
stimulus support first. 
Small scale initially, but 
can follow up with 
identified measures 

Builds on sense of 
community during 
lockdown and buy-
in to required 
changes 

Supports the right 
choices for the 
local area 

Involves local 
people in energy 
decisions; can 
target fuel poverty 
as well as 
emissions 

Relatively low 
cost and could 
be recouped 
from network 
charges 

Table 5.2.c Recommended measures to support a resilient recovery - natural capital 
Tackle the resilience 

deficit 
Support the 

economic 
recovery and 

jobs 

Shift towards 
positive long-

term 
behaviours 

Do not lock in 
GHGs or increased 

risk 

Fairness Finance 

Tree 
planting 

Landscape-scale change 
needed to increase UK 
forestry cover to at least 
17% by 2050 for Net Zero. 
Also an important 
adaptation measure for 
shading, natural flood 
management and 
improving habitat 
condition 

Start can be made 
quickly; can be 
scaled-up with 
supply chain 
expansion and 
further 
identification of 
low-risk areas for 
planting 

Recreation and 
health benefits. 
May be more 
valued after 
COVID-19 
experience 

Very important that 
the right trees are 
planted in the right 
place at the right 
times - climatic 
conditions now and 
in the future need to 
support growth 

National 
level; likely 
increased 
access 
benefits 

Funding 
required 
initially; 
potential for 
joint public-
private 
contributions 

Peatland 
restoration 

Significant upland and 
lowland restoration (and 
sustainable management) 
needed due to high risk of 
climate impacts. Wider 
benefits for recreation, 
water quality biodiversity. 

Start can be made 
quickly; can be 
scaled-up with 
supply chain 
expansion 

Recreation and 
health benefits 

Risk more peatland 
areas lost with 
climate change 
impacts without 
restoration actions 

Social 
benefits, but 
limited 
evidence on 
distribution 

Funding 
required 
initially; 
potential for 
joint public-
private 
contributions 

Urban 
green 
spaces 

National decline in urban 
green spaces needs to be 
reversed 

Potential for job 
creation and 
industry growth 
in creation and 
maintenance, 
though not 
currently 
quantified 

Importance 
highlighted by 
COVID-19 
experience 

Development on 
existing green 
spaces in urban 
areas risks 
irreversible loss 

Scope to 
address lower 
access in 
more 
deprived 
areas 

Needs funding 
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Table 5.2.d Recommended measures to support a resilient recovery - national low-carbon and 
adaptation infrastructure 

Tackle the 
resilience deficit 

Support the 
economic 

recovery and 
jobs 

Shift towards 
positive long-

term behaviours 

Do not lock in 
GHGs or 

increased risk 

Fairness Finance 

Infrastructure 
- flood 
defences

Ambitious flood 
policy is needed to 
prevent a doubling 
of flood risk due to 
climate change 

£5.2 billion 
investment 
announced earlier 
in the year could 
be front-loaded 

Increased 
investment in 
infrastructure 
needed alongside 
community 
engagement and 
awareness raising 

Carbon footprint 
of flood defence 
schemes 
relatively small 
and EA looking 
to lower further 

Residents of 
more 
disadvantaged 
areas tend to 
have relatively 
high exposure to 
flood risk - 
changes to 
partnership 
funding rules 
should help to 
address this 

Funding for the 
next 6 years 
already agreed 

Infrastructure 
– Low-carbon
Hydrogen 

Demonstration 
required early 
2020s; industrial 
clusters from mid-
2020s 

Will require some 
time to prepare - 
for second wave of 
investments 

Facilitates change Would need low-
carbon source of 
production 

Locations likely 
overlap areas 
most affected by 
job losses 

Some funding 
required, but also 
potential to 
unlock private 
finance 

Infrastructure 
- CCS

Industrial cluster 
required from mid-
2020s 

Will require some 
time to prepare - 
for second wave of 
investments 

Facilitates change Required for 
long-term 
decarbonisation 
of industry and 
delivering blue 
hydrogen 

Locations likely 
overlap areas 
most affected by 
job losses 

Some funding 
required, but also 
potential to 
unlock private 
finance 

Infrastructure 
- electric 
vehicle 
charge-
points 

Rapid ramp-up of 
charge points 
required in 2020s; 
help address air 
quality issues 

High skilled jobs, 
geographically 
distributed, supply 
chain scaling up. 

Crucial to support 
rapid EV take-up 
and to address 
charging anxiety; 
support improved 
air quality 

Speed up 
transition from 
conventional 
vehicles 

Can be scaled up 
evenly or 
targeted to 
ensure benefits 
of EV transition 
available to 
those who can't 
charge at home; 
ease UK 
manufacturing 
transition to EVs 

Available Govt. 
funding targeted 
at strategic road 
network; further 
funding required 
elsewhere, but 
opportunity to 
leverage 
additional private 
sector finance 

Low-carbon 
power - wind; 
solar 

Around 60TWh 
low-carbon 
generation , on top 
of offshore wind 
deal, required by 
2030 

High jobs 
multiplier short-
term; helps drive 
down costs and 
increase long-term 
productivity. Delay 
between auction 
and time of 
construction. 

Facilitates change 
in transport and 
heat markets 

Alternative 
investment in 
generation 
capacity likely 
more carbon-
intensive 

Low-cost 
generation; solar 
PV could be 
targeted to areas 
most affected by 
job losses 

Low-cost 
generation; long-
term contracts 
required 

Electricity 
networks 

Accommodate 
electrification of 
heat and transport 

Early anticipatory 
investment could 
avoid higher costs 
later 

Facilitate change 
in transport and 
heat markets 

Without 
reinforcement 
low-carbon 
generation will 
not be 
accommodated 

Regulatory 
decisions impact 
how network 
upgrades paid 
for; but have 
potential to 
improve fairness 

Some funding 
required  
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Table 5.2.e Recommended measures to support a resilient recovery - local infrastructure, skills and training 
Tackle the resilience 

deficit 
Support the 

economic recovery 
and jobs 

Shift towards 
positive long-

term 
behaviours 

Do not lock in 
GHGs or 

increased risk 

Fairness Finance 

Reskilling and 
retraining 
programmes 
(e.g. agro-
forestry, heat 
pump 
installation) 

Skills gaps in many 
sectors (e.g. critical to 
buildings 
decarbonisation) 

Immediate 
opportunity with 
underemployed 
workforce, but could 
take some time to set 
up. Big impacts when 
up and running 

Structure of 
economy needs 
to shift towards 
low-carbon jobs 

Without 
retraining, old 
supply activities 
remain 
entrenched 

Can start in 
areas most 
affected by job 
losses 
associated with 
COVID-19 and 
move away 
from fossil fuels 

Some funding 
required, but 
also potential 
to unlock 
private 
finance 

Separate waste 
collections and 
new recycling, 
anaerobic 
digestion (AD) & 
composting 
facilities 

Recycling targets and 
stopping the landfill 
of biodegradable 
waste by 2025 both 
require alternative 
waste treatment 
facilities 

Some projects ready 
to go; others need 
identification via 
local authorities 

Encourages 
reduction in 
waste, more re-
use, local 
sharing, repair 
and recycling 
(circular 
economy) 

Increased reuse 
& recycling 
needed to 
prevent lock-in 
of fossil 
emissions from 
waste 
incineration 

Regional needs 
differ due to 
starting 
position; 
actions would 
lead to greater 
equality in 
regional waste 
services 

Investment 
via local 
authorities 
required 

Walking, cycling 
and remote 
working 

Expansion required 
for net-zero. 
Additional benefits 
are reduced 
congestion, improved 
health, air quality, 
noise reduction 

Need to identify 
locations, but local 
authorities well-
placed to do this 
quickly 

Build on change 
in behaviour 
observed in 
lock-down. 
Health and air 
quality benefits 

Reduce car use; 
alternative to 
more road 
investment 

Can be 
prioritised in 
areas where 
needed most, 
or to 
encourage 
take-up from 
particular 
groups.  

Some further 
funding 
required 
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c) Ensuring the recovery does not lock in new climate risks

Beyond the measures in the previous section, there are a number of specific actions to improve 
resilience to climate risks that will be needed. These include:  

• Risk assessments for a changing climate. The recovery from COVID-19 will only be resilient
overall if it is resilient to current and future climate change impacts. All new investment
decisions that are part of the recovery package, whether or not they are ‘green’ investments
themselves, should include an assessment of the risks from climate change and appropriate
adaptation measures put in place to safeguard these investments.

• The Government should consider reviewing its methodology for assessing risk through the
UK National Risk Assessment, which includes the risk from global pandemics as well as
climate-related risks. The Committee will comment on how the Government approaches its
assessment of risk for climate change in the Third UK Climate Change Risk Assessment
Evidence Report, due out next year.

• A proportion of the agreed five-year £5.2 billion investment in flood defence spending
should be brought forward to front-load local schemes that are ready to be implemented.

• The investments to reduce water demand should be implemented as outlined in the Final
Determinations for water companies by Ofwat in 2019.

Taking these actions will help to address the resilience deficit that currently exists in relation to 
climate change. The recovery package must also avoid taking actions that would lock in high 
emissions or high-carbon activities. Other countries have attached conditions to bail-outs of 
high-carbon industries to require a shift to lower-carbon business models: 

• France. The €7 billion bailout of Air France is subject to several environmental conditions,
though the penalties for non-compliance are still unclear. This includes achieving a 2% use of
alternative fuels by 2025, and the stipulation that Air France achieves a 50% reduction in
domestic flight CO₂ emissions by 2025. The French Government indicated that this will mean
that only passengers who are transferring to another flight will be allowed to use domestic
Air France routes that can be serviced by rail in less than 2.5 hours. The bailout also enforces
the same efficiency target (50% improvement in tCO₂ per person-km by 2030, compared to
2005 levels) that Air France voluntarily committed to in October 2019.188

• Germany. Unlike in 2009, when the German automotive sector received financial aid in the
form of purchase incentives, no money has been allocated to combustion-engine vehicles in
Germany's €130 billion recovery package. Support has instead been targeted at low-carbon
areas of the automotive sector. Manufacturers and purchasers of electric vehicles (EVs) will
be supported by doubling existing subsidies on electric vehicles, with a combined €8 billion
for supply and demand of EVs.189 In addition to support for EVs, the German Federal
Government has invested a combined €40 billion into measures that can support a transition
to a low-carbon energy system, including €9 billion for low-carbon hydrogen, over €7 billion
for rail and public transport, and €2 billion for buildings renovations.

188 FlightGlobal (2020) French government sets green conditions for Air France bailout. 
189 Federal Government of Germany (2020) Economic stimulus package ‘An ambitious programme’. 
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• Canada. Large businesses (with revenues above $300 million), that apply for Government
loans, must publish Annual Climate Disclosure Reports based on the Task Force on Climate-
related Financial Disclosures (TCFD) Framework,190 including commentary on how their
future operations will support environmental sustainability and national climate goals.

With careful decisions now, the Government can help drive the recovery and accelerate the 
transition of UK employers towards actions consistent with the net-zero economy. 

d) Institutions, delivery bodies and finance

Delivering the programme of recovery measures required over the next couple of years, 
consistent with the longer-term requirements of the transition to net-zero emissions, raises a 
number of questions about whether the necessary institutional framework exists to develop and 
manage the scale of change that is needed: 

• The Cabinet Committee on Climate Change should play a central role in rebuilding the
economy. The impacts of COVID-19 have been felt across the economy, and the measures
needed to meet Net Zero also cross all sectors and regions. The Cabinet Committee must
play a comprehensive and leading role in ensuring economic recovery is achieved consistent
with the requirements of Net Zero and ensuring resilience to climate change. The Secretary
of State for Health and Social Care should be a regular attendee, if not a member, given the
resilience and health requirements that must be a central part of the recovery programme.

• Delivery. Taking the programme of recovery measures forward will be a huge task. Design of
specific measures will rest with the appropriate lead department, but delivery will require co-
ordination and actions across the nations and regions of the UK, in conjunction with local
authorities, business/industry and regulators. It has been suggested191 that a Net Zero
Delivery Body be established, led by BEIS and including representatives from each of these
actors, to take this lead responsibility. The Committee has not taken a view on the best
delivery vehicle, but it is essential that there should be a robust and co-ordinated structure in
place.

The role of the Treasury will also be crucial. The programme will inevitably require public 
finance, but policy design will need to consider how private finance can best be leveraged. 
Beyond this, responding to our recommendation in our Net Zero Report, the Treasury has 
launched a review of how the transition to Net Zero should be financed and where the costs 
should fall, originally scheduled to be published in the autumn.  

The UK Government and devolved administrations have recently (June 2020) announced their 
intention to establish a UK Emissions Trading System from 2021. They have announced that 
possible extensions of scope (beyond energy-intensive industries, power generation and 
aviation) will be considered in a later UKETS review, for implementation of changes - if any - no 
later than 2026. This is helpful, but aimed at the medium to longer term.  

The Treasury review includes consideration of tax levers within its remit and there is a clear 
requirement to consider how tax policy can be used to help the transition (our sixth principle for 
a resilient recovery): 

190 Government of Canada (2020) Press release: Prime Minister announces additional support for businesses to help save 
Canadian jobs. 
191 Allan, J., Donovan, C., Ekins, P., Gambhir, A., Hepburn, C., Robins, N., Reay, D., Shuckburgh E., and Zenghelis, D. 
(2020). A net-zero emissions economic recovery from COVID-19. Smith School Working Paper 20-01. 
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• Many sectors of the UK economy do not currently face the full costs of emitting greenhouse
gases. There is wide variation in effective carbon prices across emitting activities and sectors,
but these prices are generally much lower than required.192

• Setting or raising carbon prices for these sectors could help incentivise the actions and
investments required, as well as raising revenue. Carbon pricing is not sufficient in itself, and
must be combined with appropriate standard setting, investment instruments and support
for low-carbon innovation, but a failure to price-in carbon sends entirely the wrong signals.
There is also considerable revenue-raising potential, which has been estimated up to £15bn
a year over the next decade.193 Not all of that would be additional revenue, with some
recycling necessary to deal with any regressive impacts, but at a time when public finances
are likely to be tight, carbon pricing could provide useful additional funds.

• Current low global fossil fuel prices provide an opportunity to raise carbon prices without
increasing the overall burden on consumers in the near term.

• The UK's future carbon pricing mechanism, outside the EU ETS, should be designed to ensure
that an appropriate carbon price is maintained in the face of external shocks, for example
through the use of a well-designed floor price (Box 5.6).

The challenge of sourcing the additional capital that will be needed to transition to net-zero 
emissions is complicated by COVID-19. Asset owners will have suffered losses during the crisis, 
households may be more reluctant to increase pension contributions, and there is renewed 
pressure on public sector finances.  

There is a clear case for a more comprehensive approach to harnessing finance for climate 
action.  

The Government has a role to play in directly supporting the net-zero transition, but also in 
providing a strategic direction and clear regulatory framework for investors, leveraging private 
capital as efficiently as possible. 

The Committee has convened a new Finance Expert Group as part of its work programme on the 
Sixth Carbon Budget. This Group had an additional meeting to discuss the implications of 
COVID-19 on the financing challenge, and will produce an independent report later in 2020. 

6. International recovery
The COVID-19 pandemic has occurred at a critical time for global efforts to achieve the goals of 
the Paris Agreement, with rapid and widespread emissions reductions necessary to keep the 
long-term temperature goal within reach: 

• Global emissions pathways that are consistent with keeping warming well-below 2°C above
pre-industrial levels require global emissions peaking around 2020 and declining rapidly to
2030. Pathways that keep warming to 1.5°C with around 50% probability reduce global CO₂
emissions by around 50% from 2020 levels by 2030.

192 Energy Systems Catapult (2019) Rethinking Decarbonisation Incentives: Future Carbon Policy for Clean Growth. 
193 Burke, J., Fankhauser, S., Bowen, A. (2020) Policy Brief: Pricing carbon during the economic recovery from the COVID-
19 pandemic. 
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• The existing global carbon-intensive capital stock would already produce sufficient
emissions, if run for their full lifetimes, to take the world close to exceeding the Paris
Agreement long-term temperature goal without any new high-carbon infrastructure
installed through stimulus packages.194

Keeping the Paris Agreement long-term temperature goal within reach necessitates that 
economic stimulus packages around the globe are aligned with the need to rapidly start to 
reduce global emissions in a way that can be sustained over several decades to reach Net Zero. 

The Presidency of the delayed COP26 and the 2021 G7 Presidency present an opportunity for 
the UK to play an important role in efforts to align COVID-19 stimulus with the Paris Agreement. 
COP26 was already envisaged as a key point in the Paris Agreement timeline where global 
climate ambition would need to be raised. It will now come at the end of an 18-month period 
where governments around the world aim to stimulate their economies as COVID-related 
lockdowns are released. 

It is essential that the UK uses the opportunity of its presidencies to work directly with countries 
prior to COP26 so that these stimulus packages are fully integrated with the need for countries 
to submit enhanced Nationally Determined Contributions, for emissions reductions and 
adaptation actions, from the outset. This cannot wait until COP26 takes place and will need to 
begin from today to avoid the risks of locking in new high-carbon infrastructure that will keep 
global emissions high for decades and put the Paris Agreement long-term temperature goal 
beyond reach. This is particularly important given the key moments approaching for the world’s 
two largest emitters (covering 40% of global GHG emissions), with the next Chinese 5-year plan 
(for 2021-25) due to be finalised in early 2021 and the US presidential election in November 
2020.  

Climate impacts are already being felt around the world, particularly in vulnerable developing 
countries. The economic impacts of COVID-19 are likely to further restrict available finance for 
reducing exposure and vulnerability to these impacts. The UK needs to be an exemplar in 
continuing to provide climate finance to these regions and engage diplomatically so other 
countries continue to meet and increase their contributions to the $100 billion per year in 
climate finance for developing countries that developed countries have committed to provide 
by 2020. 

194 Tong, D. et al. (2019) Committed emissions from existing energy infrastructure jeopardize 1.5°C climate target. 
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Introduction 
Our advice later this year on the Sixth Carbon Budget (2033-2037) will present detailed potential 
pathways towards net-zero emissions in 2050, and a critical path for policy decisions required 
over the next decade. This Parliamentary term (to 2024) must deliver a full policy package to put 
the UK on track to the Net Zero target. 

This report has also touched on progress to date in climate change adaptation and how 
perceptions and planning for climate-related risks may change in the context of COVID-19. The 
Adaptation Committee will be publishing both its next progress report on adaptation in 
England, and the Evidence Report for the third UK Climate Change Risk Assessment next year. 

Historically, climate action has been led by the energy and environment departments of 
Government. Increasingly, action on reducing emissions towards net-zero and ensuring policies 
are resilient to climate change will need to be led by all departments and driven from the centre 
of Government.  

The Government has already taken important steps to embed this as core Government policy, by 
introducing a Cabinet Committee on Climate Change and as host of COP26, for example. 
Similarly, across Government, multiple departments are building policy and delivery capability in 
key areas such as transport decarbonisation, heat in buildings, manufacturing policy and low-
carbon energy, though less significant change is being seen on adaptation. An integrated and 
ambitious strategy is now required to ensure co-ordinated progress across all areas, and by all 
parties, to set the UK up for a decade of delivery of climate ambition.  

The following sections summarise the Committee's current policy priorities: 

1. Net Zero needs to be integrated into all Government policy

2. Adaptation needs to be integrated into all Government policy

3. Departments must work together to deliver ambitious policy
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1. Net Zero needs to be integrated into all Government policy
In recommending a Net Zero target for 2050, the Committee noted the need for the Net Zero 
challenge to be embedded and integrated across all departments, at all levels of Government 
and in all major decisions that impact on emissions. The Governments of the UK and Scotland 
quickly enacted the Net Zero target as law, and the Governments of Wales and Northern Ireland 
have expressed their intentions to align to the UK's net-zero objective. 

Initial steps towards a net-zero policy package have been taken, but the last year was not the 
year of policy progress that the Committee called for in 2019. That is in part a result of the public 
health crisis taking priority in recent months, but policy development had already been delayed 
ahead of the general election. Net Zero has since been adopted as a key overall goal of the 
incoming Government, but much more will be required from Government in this Parliament.  

a) Net Zero as core Government policy

Net Zero requires cross-government action, led by the centre and integrated to economic 
strategy. The Government response to COVID-19 presents an immediate opportunity to 
integrate climate ambition with broader economic objectives. Beyond this, the Cabinet 
Committee on Climate Change should oversee a review of the Government's core strategy, 
funding and planning, working across departmental silos to ensure sustained progress in climate 
change mitigation and adaptation.  

• Government responses to the COVID-19 pandemic will be a clear barometer of climate
ambition across all levels of Government. As chapter 5 sets out, there are multiple synergies
between climate ambition and the economic response to the COVID-19 pandemic.

‒ An immediate economic stimulus can be complementary to the UK's climate goals, by
investing in infrastructure that reduces emissions and increases climate resilience whilst 
delivering macro-economic benefits.  

‒ For the long term, the UK must invest in key assets to build capacity and enable 
productive activity in the future. This means investing in climate-resilient low-carbon 
infrastructure, training and reskilling, knowledge, and social and institutional capital. 
Public money spent now should not support industries or infrastructure that are not 
consistent with the future net-zero economy, and all new investments should be resilient 
to a minimum 2°C rise in global temperature. Greater use of carbon taxes can support the 
public finances.  

• Increasingly, all policy and infrastructure decisions will need to be checked against their
consistency with the UK's Net Zero target and the need to adapt to the impacts of climate
change. Government planning documents should be reviewed (e.g. Green Book, National
Planning Policy Framework) to ensure consistency against this objective. Some
commentators also suggest a need for new institutions, such as a Net Zero delivery body,
and/or a National Investment Bank, to help the delivery of these objectives – the Committee
will consider these in our Sixth Carbon Budget advice.195

• The new Cabinet Committee on Climate Change shows clear intent to deliver Net Zero by
working across departmental silos, but, having first met five months after it was set up, will
need to meet more regularly and demonstrate it is driving sustained progress.

195 See, for example, UCL (2020) A net-zero emissions economic recovery from COVID-19, and Oxford Smith School of 
Enterprise and the Environment (2020) A net-zero emissions economic recovery from COVID-19. 
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As much as possible, barriers to delivering Net Zero should be systematically reviewed and 
removed. Since many of the solutions cut across systems, fully integrated policy, regulatory 
design and implementation is crucial. That may require new frameworks, for example to 
ensure that departments, across Government, sufficiently prioritise net-zero GHG emissions. 
Systems thinking will be required to deliver change in a complex and changing landscape.  

• The National Infrastructure Strategy, which is due to set a vision for infrastructure
development over the next 30 years consistent with Net Zero, was delayed from Budget
2020. It should prioritise early funding for areas needing public finance that will support the
recovery and prepare for net-zero and the impacts of climate change. Important priorities
include energy efficiency in buildings, electric vehicle charging infrastructure, heat networks,
hydrogen production and carbon storage infrastructure, 5G and fibre broadband, and risk
management for flooding and coastal erosion.

• The Government should ensure that the next decade is a decade of delivery for climate
ambition and building resilience. The forthcoming Spending Review(s) provide an
opportunity to reassess prioritisation of climate objectives within departments, and ensure
departments and local Governments are sufficiently resourced to deliver the change that's
required. Tables 1-14 following the Executive Summary provide an illustration of what will be
required of departments.

• Government can lead by example, by reducing emissions and ensuring climate resilience
across its estate, using zero-carbon vehicles, ensuring Departments report on progress in
reducing their own emissions, and assessing climate risks, in line with best practice in the
business community.

• Plans for a UK Emissions Trading System are developing – the Government has committed
to this being more ambitious than the EU scheme from the start and to revising it to align to
the Net Zero pathway after the Committee advice on that pathway in December.

• Climate adaptation is also a priority. Across multiple areas, and in particular on buildings
and land use, there are benefits to thinking holistically about how policy can reduce
emissions, whilst ensuring it improves resilience to the UK's changing climate. Like Net Zero,
climate adaptation will also need to be integrated into core Government policy (Section 6.2)

The Government's 2017 Clean Growth Strategy was designed around the UK's previous climate 
targets. Some of the proposed policies have already been made more ambitious, such as the 
ambition to phase out fossil fuelled cars and vans, and stop new homes connecting to the gas 
grid. A new strategy is required to demonstrate how the Government's plans overall are being 
brought in line with the new Net Zero target.  

• The Government's 2017 Clean Growth Strategy set out policies, proposals and pathways
for emissions reductions towards the fifth Carbon Budget (2028-2032) and the previous 80%
GHG reduction target for 2050.

• Since then, evidence has improved in multiple areas (e.g. offshore wind costs, hydrogen,
low-carbon heat), and despite the ongoing pandemic, important Government
announcements in these areas (and including heat, transport and land use) are still expected,
albeit delayed.

• A renewed vision from Government, via a new 'Net Zero Strategy', can take into account
recent progress and the new context dictated by the pandemic.
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This should include emissions reduction pathways and strategies for areas which will require 
co-ordinated Government effort (e.g. hydrogen, public engagement), and note the increase 
in effort required to deliver an additional 20% reduction in emissions by the middle of the 
century.  

• It is a legal requirement to legislate for the Sixth Carbon Budget by June 2021, following 
our advice in December 2020, and produce a strategy on how to meet the budget as soon as 
is practicable. Both the setting of the budget and the publication of the strategy should be 
well ahead of COP26 and can be used as a platform to enable the UK to take a leadership role 
in encouraging higher ambition globally. The Government should also consider publishing a 
higher-level strategy ahead of our Sixth Carbon Budget advice. A clear statement of intent 
would have significant value in the midst of the policy challenges and uncertainty of the 
post-lockdown period. 

The Treasury has commenced a review of how the transition to Net Zero will be fairly funded, 
as recommended by the Committee. The change in fiscal circumstances as a result of the COVID-
19 crisis places fresh importance on the need for a systematic look at how to fund Net Zero 
including the distribution of the costs of reducing emissions, the role of public spending in 
leveraging private spending, and taxation.  

• The strategic levers at HMT's disposal, including public spending and taxation, will be 
fundamental in driving the transition to net-zero emissions. Though the fiscal position is 
significantly strained, often Government can act to bring investments forward without direct 
public funding or by co-financing to accelerate private investment. The recently announced 
£40m public-private Clean Growth Fund is a good example of this.196 The need for economic 
stimulus and the current low interest rate environment can provide an opportunity to 
accelerate, at low cost, some of the investments envisaged in our scenarios, outlined in 
chapter 5.  

• The review provides an opportunity to embed fairness as a core principle of policy design. 
The crisis has exacerbated existing inequalities and created new risks to employment in 
many sectors and regions, placing even greater priority on the fair distribution of policy costs 
and benefits. The response to the pandemic has disproportionately affected the same lower-
income groups and younger people who face the largest long-term impacts of climate 
change. The benefits of acting on climate change must be shared widely, and the costs must 
not burden those who are least able to pay or whose livelihoods are most at risk as the 
economy changes.  

• The review, and the response to the pandemic provide an opportunity to strengthen 
incentives to reduce emissions when considering fiscal changes. Many sectors do not 
currently bear the full costs of emitting greenhouse gases. Carbon pricing can be used, 
alongside other policies, to incentivise emissions reductions across the economy. Similarly, 
changes in tax policy can aid the transition to net-zero emissions. Revenue could be raised by 
setting or raising carbon prices (or other taxes, such as VAT) for these sectors. Low global oil 
prices and improved energy efficiency provide an opportunity to offset changes in relative 
prices without raising consumer bills. 

 

                                                           
196 BEIS (2020) Government launches new £40 million Clean Growth Fund to supercharge green start-ups. 
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b) COP26 as a platform for climate leadership 

Hosting an ambitious COP can help cement a low-carbon and climate-resilient response to the 
COVID-19 pandemic. As governments respond to the pandemic, ensuring that any new global 
infrastructure that is constructed is low-carbon and climate resilient will be critical to the 
chances of achieving the Paris Agreement's long-term temperature goal. As COP26 host and 
incoming G7 president, the UK will have an important role in shaping efforts to align responses 
with global climate objectives. Key elements of this leadership will include: 

• Demonstrating that climate change remains a key domestic priority through the 
submission of a UK Nationally Determined Contribution (NDC) for emissions reduction in 
2030 set well in advance of COP26, and based on the pathway required to reach net-zero 
GHG emissions by 2050 that the Committee will advise on in December 2020. The UK can 
also play an important role in setting the standard by incorporating a set of ambitious 
commitments on adaptation and resilience in its NDC. 

• Supporting a cooperative and open approach to tackling and adapting to climate 
change. The Government should take a lead on all aspects of the Paris Agreement, including 
finance, technology transfer and capacity building. Access to both capital and emerging low-
carbon technologies will be essential to the major transition in the global energy system 
needed to keep to the Paris Agreement long-term temperature goal. COP26 can play an 
important role in making sure that Governments do not turn away from cooperative 
approaches to this global problem and should prioritise accelerating the international flows 
of clean technology, knowledge and climate finance that will be required.  

• Making the case for a green recovery from COVID-19 and that global emissions can be 
reduced strongly alongside economic growth. 

‒ The UK has agreed though the UN to lead a global work stream on ensuring an inclusive 
and sustainable recovery. This vital role is a tribute to the UK's reputation and will require 
the UK to be an exemplar in its domestic recovery programme. 

‒ The developments of technologies such as renewable power means that low-carbon 
technology is increasingly becoming the most economically efficient option. As COP host 
the UK should make the case that international ambition for emissions reductions by 
2030 can be stepped up and should be engaging through the formal negotiations and 
through bilateral channels to help countries do so.  

• Leadership on hydrogen and CCUS, by following on from the 2018 global Carbon Capture 
and usage and storage (CCUS) summit with concrete and funded plans for deploying CCUS 
in the mid-2020s, and developing a strategy for low-carbon hydrogen production and use 
consistent with the need for hydrogen to meet Net Zero and the vision other countries have 
shown.  

• Considering the opportunities to use trade policy to encourage increased ambition in 
other countries. UK trade policy and future trade deals must also protect risks of carbon 
leakage from trade in agricultural and industrial products and avoid undermining the 
required changes in UK land management. 

Climate change will only be tackled successfully with a strong and coordinated global response. 
Helping to steer that response is strongly in the UK's self-interest, both as the only way to avoid 
the worst impacts of climate change and as the first opportunity to define the UK's place in the 
world after leaving the European Union.  
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As was experienced with the Paris Agreement, the potential success of COP will be built on the 
many months of diplomatic efforts ahead of the summit, which are already underway and must 
continue with vigour right up to November 2021.  

The core goal of COP26 is to raise the ambition of countries' targets. As COP President, there will 
be huge expectations on the UK to do so. It has never been more important for the UK to 
demonstrate strong climate leadership, both for the world's future and for the UK's standing 
within it. 

c) Net Zero applies to Governments at all levels 

The Governments of Scotland, Wales and Northern Ireland must make full use of the policy 
levers available to them and work with the UK Government closely to ensure delivery in those 
areas that are not devolved. This means making particular use of devolved policy levers on the 
demand side even where supply-side policies are reserved to the UK government (e.g. 
encouraging walking and cycling), providing 'soft' support (e.g. advice on buildings retrofits) to 
support UK Government policies, and use of planning and procurement powers to drive 
decarbonisation.  

Delivering net-zero emissions by 2050 in the UK will require a strong policy framework at all 
levels of government. The rapid transition is made more complex by the fact that some of the 
relevant policy levers are devolved to varying degrees to the Scottish, Welsh and Northern Irish 
governments, while others are held by the UK Government (i.e. they are reserved). While all 
sectors will require a significant degree of interdependent policy from both the UK and devolved 
governments, the nature of the devolution agreement means that the balance of policy action 
between governments varies across different areas of the economy. This balance can be broadly 
classified in three ways (Table 6.1): 

• Areas where powers are largely devolved and devolved governments can make progress, 
supported by UK Government; 

• Areas where some key powers are reserved, but devolved governments can still make 
significant progress using devolved policy levers; 

• Areas where decarbonisation is most contingent on UK Government policy, but devolved 
government policy is needed.  

The UK Net Zero target will only be achieved if the governments of Scotland, Wales and 
Northern Ireland, and the parts of the UK Government which relate only to England, contribute 
to reducing emissions. For example, Scotland's contribution to the UK target is particularly 
important due to its enhanced ability to use land to sequester carbon. The UK cannot achieve 
Net Zero in 2050 without strong policy from its devolved partners across key areas including 
planning, agriculture, land use, housing regulations, and local government. 

Similarly, climate targets in Scotland and Wales, and any future target legislated in Northern 
Ireland, are likely only to be feasible with action from the UK Government, particularly across 
reserved areas such as fiscal policy, vehicle standards, energy production, and heavy industry.  

Achieving our climate goals will require much closer co-ordination between Westminster, 
Holyrood, the Senedd and Stormont to ensure that policy frameworks support each other. The 
Republic of Ireland will also play an important role in delivering a decarbonised electricity 
network across the all-island system. 
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Table 6.1. Balance of devolved and reserved powers 

Areas where policy levers are 
largely devolved. Devolved 
governments can demonstrate 
leadership, contingent on 
appropriate support and 
funding. 

Areas where certain key 
powers are reserved. Success 
is most dependent on 
coordination. Devolved 
governments can still make 
substantial progress using 
devolved policy levers. 

Areas where progress is most 
dependent on UK Government 
and/or international policy. 
Devolved policies will still be 
required to supplement and 
facilitate decarbonisation in 
these sectors. 

• Planning and consenting

• Local government

• Public engagement

• Education and training

• Agriculture, forestry and
fisheries

• Waste

• Power (Northern Ireland,
excluding nuclear)

• Buildings

• Surface transport

• Infrastructure (including EV
charging infrastructure,
CCS, hydrogen and
engineered removals)

• Economic and fiscal**

• Power (Scotland and Wales)

• Industry

• F-gases*

• Aviation

• Shipping

Notes: *Powers are devolved, but a UK-wide regulatory system is planned from 2021. **In some cases certain 
economic and fiscal powers are reserved.  

Where powers are reserved to the UK level, the devolved administrations have an important role 
in ensuring that the emissions reductions take place. In particular, the devolved administrations 
should focus on the following areas:  

• Planning. Planning frameworks are another useful lever over infrastructure that needs to be
well aligned to objectives for emissions reduction in devolved administrations (e.g. through
encouraging walking, cycling and use of public transport, ensuring readiness for or
installation of electric vehicle charging points in new developments, and a favourable
planning regime for low-cost onshore wind).

• Procurement. The public sector in devolved administrations can use procurement rules
positively to help drive emissions reductions in a number of areas (e.g. uptake of ultra-low
emission vehicles, energy efficiency and low-carbon heat in buildings, low-carbon products).

• Convening role. It is important the devolved administrations maximise their potential to
bring stakeholders together, and facilitate dialogue and strengthen relationships, to enable
the development of mutually-beneficial projects that contribute to decarbonisation.

• Working with the UK Government to ensure that UK-wide policies work for devolved
administrations.

• Access to UK-wide funding. The devolved administrations should seek to ensure that
households and businesses have good access to UK-wide funding opportunities where
possible and appropriate.

• Communication and public engagement of climate risks, and the options and choices
available to reduce emissions across the UK.
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2. Adaptation needs to be integrated into all Government policy 

a) A UK Net Zero goal does not preclude the need to adapt to the changing climate 

The changing climate poses risks to meeting most of the Government’s economic, social and 
environmental goals. The UK’s National Risk Register for the next five years places flooding, 
severe weather (including storms, heatwaves, cold snaps, wildfire) and human and animal 
diseases among its top risks to the country.197 All of these risks are increasing due to the 
changing climate. 

Alongside the global average temperature increase of over 1°C, UK average temperature has 
increased around 1.2°C, compared to the pre-industrial period.198 

Temperatures will rise further, even with strong action to reduce emissions in the UK and 
worldwide in line with the requirements of the Paris Agreement. This is due to the fact that it will 
take time for the world to reduce emissions down to net-zero and the world will continue to 
warm during that time. 

If the world succeeds in meeting the goals of the Paris Agreement, the latest UK climate 
projections suggest the country will experience an additional warming of around 0.6°C between 
now and 2050.199 This is the minimum change we must adapt to.  

Along with this rise in temperature, by the middle of the century we can also expect around 
another 3 to 37cm of sea level rise for different parts of the UK, a 10% increase in heavy rainfall, 
and a 50% chance of each summer being hotter than that experienced in 2018.  

In the absence of the required very rapid global decarbonisation, UK annual mean temperatures 
would likely increase by a further 2 to 3°C from today (up to 4°C above pre-industrial levels) by 
the end of the century. Sea level rise, rainfall patterns and severe weather would also see 
similarly more extreme changes. This brings with it very severe threats to the country, including 
from climate change impacts overseas. 

b) The changing climate brings significant risks to the UK 

The short-term and long-term range of potential impacts are assessed as part of the 
Government’s five-yearly UK Climate Change Risk Assessment (CCRA). The Committee is 
currently collating evidence for the third UK CCRA, which will be published next year. 

Key risks to the UK include both direct risks from the physical effects of climate change and 
systemic risks for our environment and the economy. As well as rising temperatures, rainfall 
patterns are projected to become more extreme in the UK, both through heavier and more 
prolonged rainfall in some seasons or years, and much less rainfall in others, leading to a higher 
risk of both flooding and drought. Sea levels around the UK will also continue to rise over 
centuries.  

                                                           
197 Cabinet Office (2017) National Risk Register of Civil Emergencies, 2017 Edition. Severe threats to the world’s climate 
also account for all of the top long-term risks in the World Economic Forum’s 2020 Global Risks report, even above 
the risks from a global pandemic.  
198 This is an observed change reported in the UKCP18 Science Overview Report. Present levels is defined as 2008 – 
2017. See page 11. UK human-induced warming relative to pre-industrial is estimated using the method of Hawkins 
et al (2020) Observed Emergence of the Climate Change Signal: From the Familiar to the Unknown 
199 Calculated from the UK Climate Projections and reported in the CCC's blog on inevitable change. See CCC (2020) 
How much more climate change is inevitable for the UK? 
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These changes will lead to a variety of risks (Table 6.2): 

• Impacts on people's health and well-being:   

‒ Flooding. Wetter winters, sea level rise and more intense rainfall are projected to lead to 
increasing flood risk to people across the UK. Flooding can lead to injury and loss of life; 
has significant effects on mental health; and damages homes and other assets.  

‒ Overheating. Higher temperatures, particularly in the summer months could lead to a 
three-fold increase in the number of heat-related deaths by 2050 as well as exacerbating 
cardiac and respiratory illnesses. 

• Impacts on nature. Higher temperatures will have a range of impacts on wildlife; species’ 
movements will be complex and may lead to new species emerging as well as local 
extinctions. Plant growth could increase with higher temperatures and CO₂, but will be 
heavily constrained by water availability. Peatland degradation is projected to increase 
significantly in hotter, drier conditions, particularly if the landscape is already degraded 
which makes the case even more strongly for widespread peatland restoration to also 
contribute to Net Zero. The risk of wildfires becoming established and spreading is likely to 
go up. 

• Pests and diseases. New and emerging diseases have the potential to cause severe and 
increasing impacts on people and nature as the climate changes in the UK and overseas. 
COVID-19 has shown how large an impact diseases can have globally. Climate change is 
likely to increase the risk from vector-borne diseases in particular those carried by insects. 
Pests and invasive non-native species may also increase in number and range in a warmer, 
wetter atmosphere. There are risks from an increase in the prevalence of diseases that are 
already present in the UK such as Lyme Disease, and from new pathogens arriving from 
overseas, though there are very large uncertainties.  

• Economic shocks. Climate change poses risks to economic growth in the UK. Financial 
institutions have both assets and investments that will be vulnerable to direct impacts from 
extreme weather. Sectors such as manufacturing are at risk from reduced water availability, 
flooding and drought.  Imports from overseas will be subject to supply chain impacts, and 
overheating is likely to lead to reductions in productivity in the workplace and potentially in 
schools. 

• Interruptions to our food supply and increased food costs. Both climate change in the UK 
and overseas will impact on the UK's ability to maintain a secure food supply. While the risk 
of food shortages in basic staples is considered to be low from climate change alone, there is 
a high risk of food price shocks arising from extreme weather, which would have a 
disproportionate effect on lower income households. Climate change may also pose risks to 
food safety due to faster rates of spoiling and pathogens such as salmonella. 

• Global disruption affecting UK interests. Other impacts from climate change overseas will 
be imported to the UK through the price and safety of commodities, changes in the patterns 
of trade, disruption to global supply chains, and risks to overseas investments. The UK is 
likely to be called upon to provide more resources for humanitarian assistance, and efforts to 
build state stability and long-term resilience could be undermined.  

Without additional action to prepare for these risks over and above what is happening today, 
the UK faces significantly worsening impacts from climate change over coming decades (Table 
6.2). 
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Table 6.2. Range of climate risks for the UK 

2°C Warming by 2100 4°C warming by 2100 

Variable Present 
Day 

2050s 2080s 2050s 2080s 

Annual mean temperature (°C) 8.8°C +0.3 to
+2.2

+0.3 to
+2.6

+0.6 to
+2.9

+1.9 to +6.3

Heatwaves (probability of 
temperatures as hot as 2018) 10-25% 50% 50% 50% 90% 

Flooding (no. people living in 
significant risk areas, England only) 

1.4 
million 2.1 million 2.6 million 2.8 million 3.7 million 

Water availability (supply demand 
deficit in litres per day, England only) 0 

1.1 billion 
litre deficit 

1.8 billion 
litre deficit 

3 billion 
litre deficit 

5.7 billion 
litre deficit 

Heat mortality (number of excess 
deaths from overheating) 2,000 5,000 No data 5,000 10,700 

Impacts on agriculture from drought 
(percentage change in Agricultural 
Land Classification grade 4 (poor 
quality) National Soil Inventory sites, 
England and Wales only)  2.2% 25% 36% 43% 66% 

Source: UK Climate Change Risk Assessment (2017). 

c) UK plans have failed to prepare for even the minimum climate risks faced

Under the Climate Change Act, the Committee reports every two years on progress in adapting 
to climate change impacts in England. Our last progress report on adaptation was published in 
July 2019, and the next will be in July 2021.  

Our 2019 report assessed adaptation progress in England around two questions: 

• Are plans being put in place that consider a minimum 2°C rise in global temperature by
2100?

• Are actions taking place that are demonstrably reducing vulnerability and exposure to
climate risks?

Thirty-three ‘adaptation priorities’ summarising adaptation needed in the natural environment, 
infrastructure, health and built environment, or business were scored between 1 and 9, with 
higher scores showing better progress. Figure 6.1 summarises these scores.  

Overall the assessment demonstrated that the UK Government has placed insufficient priority on 
the need to prepare for the changing climate: 
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• 12 priorities (over a third) have no long-term plans in place that consider climate change.

• Only the water, energy, rail and major road sectors include plans that consider a minimum
2°C rise on global temperature, with consideration of up to 4°C above pre-industrial levels.

• No sector showed good progress in demonstrating reductions in vulnerability and exposure
to climate risks through adaptation actions.

In the last year the Government have taken some steps to improve the UK's preparedness for 
climate change (Figure 6.1), in particular by allocating £5.2 billion over five years from 2021 for 
flood defences and including climate adaptation as a key goal for the Environment and 
Agriculture Bills.  

Further steps have also been taken to address current and future water availability, including the 
EA's National Framework and Ofwat's decision to allow English companies and competitively 
appointed providers to invest £2.6 billion in protecting customers and the environment from the 
risks of extreme weather conditions (such as drought and floods) and critical asset failures. 

There continues to be encouraging progress in the finance sector. The Bank of England 
announced that it would use its 2021 biennial scenario to explore the financial risks posed by 
climate change. The Financial Reporting Council and Financial Conduct Authority also 
announced reviews to improve the quality of climate-related disclosures and reporting. 

However, much more remains to be done. 

Figure 6.1. CCC Adaptation Progress Scores 2019 

Source: CCC (2019) Progress in preparing for climate change. 
Notes: Chart shows scores given to 33 different adaptation priorities across four sectors (natural environment, 
infrastructure, people and built environment, business) based on the quality of plans and demonstration of risk 
reduction. High scores for planning were given if plans considered a range of climate change scenarios, had 
specific, measurable and time-bound goals, effective monitoring and evaluation mechanisms; links from the plan 
to relevant actions and were up to date. High scores for risk reduction were given if good evidence was provided 
showing the impacts of actions on risk, including that vulnerability and exposure were reducing at an 
appropriate rate and/or were in line to meet goals. More details on the scoring criteria are given in CCC (2019). 

0 0 0
0

2

4

6

8

10

12

14

16

Low
quality
plans

Medium
quality
plans

High
quality
plans

Low
quality
plans

Medium
quality
plans

High
quality
plans

No plans Low or medium progress on
managing risk

High progress on
managing risk

N
um

be
r o

f a
da

pt
at

io
n 

pr
io

ri
ti

es

Business

People and built
environment

Infrastructure

Natural environment

972  



174 Reducing UK emissions: Progress Report to Parliament   |   Committee on Climate Change 

d) Effective policy should reduce risks and support those that are worst affected

Our recommendations to improve the UK's preparedness for climate change are included in 
Tables 1-14 after the Executive Summary. They cover actions by Government to reduce risks and 
to provide support where risks remain. All recommendations seek to achieve the following: 

• Transparency. A full assessment of climate risk and appropriate adaptation measures are
required if wider goals are to be delivered. An effective climate response begins with a
thorough understanding of the risks faced and the UK's exposure to those risks. The
Adaptation Programmes for England, Northern Ireland, Scotland and Wales need to address
all of the risks identified in the CCRA. But the need for adaptation goes beyond actions by
Government, and should for example include mandatory implementation of the
recommendations from the Taskforce on Climate-related Financial Disclosure (TCFD).
Government has a key role more generally in developing the research base and issuing clear
guidance.

• Enabling policies. Many of the actions to prepare for the changing climate will be taken by
households and businesses. Government policy should enable these, for example by
ensuring that all households are aware of their level of risk from flooding, water scarcity and
overheating. Support services for adaptation have been eroded over the past ten years and
the Government ceased funding for the Climate Ready support service in 2016.

• Incentives and investments to strengthen resilience. Many adaptation measures have
some up front cost and significant net benefits that accrue over the longer-term. Incentives,
particularly for households, need to drive early uptake to avoid lock-in and significant
damage costs down the line. Incentives are notably missing for property-level flood
protection, passive cooling, sustainable urban drainage, and urban greening.

• Ensuring that all policies, regulations and standards include climate resilience.
Adaptation is needed to deliver on a large range of other government goals. It needs to be
integrated into policies to ensure they can be met in the face of climate change, and not
added on as an after-thought or simply mentioned in passing. With this approach, the
Government is unlikely to meet the majority of its 25-Year Plan targets for instance.

As set out in chapter 5, adaptation actions can also support the UK's economic recovery from 
COVID-19 and must be integrated in the recovery package if the recovery is to be resilient. 

The UK's plans for reaching net-zero emissions must also be resilient to the changing climate. 
There are particular overlaps in buildings (e.g. where the overheating risk must be managed 
alongside improvements to energy efficiency and a shift to low-carbon heating systems) and 
land use (e.g. where new forests and bioenergy crops must be suited to the future climate). The 
large infrastructure programme required to reach net-zero emissions must be designed to 
prosper under the coming changes. 

We will explore these overlaps further in our December advice on the Sixth Carbon Budget. 
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3. Departments must work together to deliver ambitious policy
Policy decisions made by Government departments last multiple years, if not decades. Net Zero 
means that climate objectives can no longer be led by the department for Business Energy and 
Industrial Strategy (BEIS) and the Department for Environment, Farming and Rural Affairs (Defra) 
alone, but will require all departments to review how their policies interact with the UK's Net 
Zero target. This will require a co-ordinated effort led from the centre of Government and 
leadership across Government. Policy teams across departments must also be sufficiently 
resourced to develop and implement the changes required. 

As noted already in this report (chapters 2 and 3), progress in reducing emissions from power 
and waste has been strong, with policy led BEIS and Defra respectively, in co-ordination with Her 
Majesty’s Treasury (HMT). Other departments, such as the Department for Transport (DfT), have 
announced ambitious emissions reduction policies such as an earlier phase-out date for the sale 
of fossil fuelled vehicles, though more action will be needed to ensure this is delivered. 

However, significant policy gaps remain. BEIS, the Ministry of Housing, Communities and Local 
Government (MHCLG) and HMT will need to work together to implement ambitious plans to 
decarbonise the UK's building stock, supported by the Department for Education (DfE) on skills 
policy. Defra will need to ensure the Agriculture and Environment bills lead to implementation 
of low-carbon land use policies, and be backed by a mechanism, developed with HMT and BEIS, 
to fund tree planting at much larger scale. BEIS and Defra will need to work together on resource 
efficiency, whilst BEIS takes the lead on delivering low-carbon energy at scale, across multiple 
vectors, including for use in UK manufacturing.  

Across Government, emissions reduction must be embedded meaningfully in the objectives of 
the key Ministerial departments - and at each level of government in the UK - including local 
government, regulators and public bodies - so that policy decisions can have the greatest 
impact. It must also be integrated with businesses and society at large. 

While extensive, reflecting the size of the challenge, the recommendations in this chapter and in 
Tables 1-14 earlier in the report are not exhaustive. Nor are they intended to be overly 
prescriptive where different means could achieve the same ends.  

Priorities for the next year include: 

a) Transforming the UK's buildings, via the Buildings and Heat Strategy - recommendations
for BEIS and MHCLG.
b) Decarbonising transport: getting there sooner and other transport priorities -
recommendations for DfT.
c) Helping industry to cut carbon and promoting resource efficiency - recommendations for
BEIS and Defra.
d) Delivering low-carbon land use and reducing waste by strengthening the Agriculture
and Environment Bills - recommendations for Defra and devolved counterparts in Scotland, Wales
and Northern Ireland.
e) Priorities for the energy White Paper: accelerated electrification, CCS, hydrogen, bioenergy
and a more flexible energy system - recommendations for BEIS.
f) Delivering a low-carbon and resilient Government estate - recommendations for the
Cabinet Office, all departments and public landowners.
g) Getting the rules right: the role of the regulators and public bodies.
h) Government leads, others act: the role of people, business, local government, and the need
for a just transition.
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a) Transforming the UK's buildings via the Buildings and Heat Strategy –
recommendations for BEIS and MHCLG, supported by HMT and DfE

The Net Zero target makes it clear that the UK's buildings will need to move entirely over to low-
carbon heating systems by 2050. Given boiler lifetimes of around 15 years, that implies a need to 
scale up markets and supply chains for low-carbon heating to cover all new installations by the 
mid-2030s at the latest. The higher costs currently expected for low-carbon heating point to the 
need for energy efficiency to improve more quickly. At the same time, further innovation and 
investment is required to drive down installation costs whilst continuing to improve quality. As 
these changes are taking place, resilience measures also need to be included to make homes 
safe and comfortable in the changing climate, including passive cooling, water efficiency and 
flood protection. 

The Committee set out comprehensive thinking on this challenge in our reports on Next Steps on 
Heat Policy (2016) and Housing - Fit for the Future (2019). We will update this in a policy note 
following this progress report. 

The Government has committed to publishing a Buildings and Heat Strategy later this year. It 
must set a clear direction towards phasing out oil and gas boilers, make low-carbon heating and 
energy efficiency pay across the housing stock, provide a set of enabling measures to support 
delivery and take immediate steps to drive much faster take-up in the near term, likely founded 
around local action. 

• A clear direction. BEIS, in collaboration with HMT and MHCLG, should produce an ambitious
strategy which sets the direction for the next 30 years, reaching zero emissions from
buildings by 2050. A clear, loud and stable signal of the future market is vital to unlocking the
overall challenge.

‒ There should be clear trajectories of standards across the housing stock for efficiency and
carbon performance, culminating in a phase-out of the installation of new oil and gas 
boilers, by the late-2020s and mid-2030s at the latest, respectively. Some exemptions 
may be suitable, for example where an area has a clear and costed plan to switch over to 
low-carbon hydrogen. 

‒ Electrification, alongside district heating schemes where viable, should offer the primary 
route to zero-carbon heating systems, with a possible supplementary role for hydrogen 
in providing flexibility for different regional solutions and/or for managing peak demand. 
BEIS should signal how it, alongside Ofgem, intends to manage decisions over the future 
of the gas grid. 

‒ Hybrid heating systems (e.g. with a heat pump installed alongside a gas boiler) can play a 
useful role both on and off the gas grid, at least over the next decade and possibly 
beyond. 

‒ Standards should encourage holistic building designs and retrofit opportunities that 
incentivise low-carbon heat and energy efficiency, whilst ensuring buildings are resilient 
to the future impacts of climate change. 

• Making low-carbon heat cost-competitive. HMT must work with BEIS to ensure that
households and businesses installing energy efficiency and low-carbon heating are left
financially better off.
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‒ Residential electricity currently faces higher taxes and levies than gas and oil. Some 
rebalancing of these costs is required to support the shift to electrification and to ensure 
that hybrid systems are primarily used in heat pump mode.  

‒ The Government's proposed move to grant funding for low-carbon heat installations is 
welcome. However, funding and ambition is inadequate as it would only support 
deployment of 12,500 heat pumps per year – which is the current level under the 
Renewable Heat Incentive (RHI). Targeted deployment should be at least an order of 
magnitude higher: there are 1.5 million oil and LPG boilers that will be phased out from 
later this decade, and the market must scale up to be able to replace the majority of 
current gas boiler demand by the early 2030s (around 1.5 million installations a year). 
Hybrid heat pumps should be eligible under future schemes (unlike proposals in the 
recent BEIS consultation). Plans are needed to support larger heat pumps in non-
residential applications. 

‒ Differential rates of stamp duty and/or council tax could also be used to further 
incentivise take-up of efficiency measures, and potentially reduce the required grant 
funding of heat pumps. 

‒ The Government should accelerate plans for rapid scale up of the developing market for 
green mortgages and other financial products, given the higher upfront cost of energy 
efficiency and low-carbon heating systems. 

‒ The overall financial package should consider how to support vulnerable customers, 
including through higher subsidies for energy efficiency measures. Any change to taxes 
and levies should also consider the effect on other non-residential energy consumers. 

• Enabling measures. There are a set of barriers that must be tackled to reach higher quality
and quantity of installations.

‒ Retraining packages and certification schemes are required to increase the availability of
skilled installers and to give consumers confidence in low-carbon technologies.

‒ Performance measurement must develop to reflect real-world energy use and real-world
performance of buildings and heating systems. This can be achieved in homes by rolling 
out digital Green Building Passports across the stock. The passports should build on 
proposals from the Green Finance Taskforce,200 and extending to cover water efficiency, 
flood resilience and other resilience measures should be considered. In new buildings, 
accurate performance testing and reporting must be made widespread - going beyond 
airtightness testing - to hold developers to the standards they advertise. For non-
residential buildings, plans to introduce a scheme based on the Australian NABERS model 
should be accelerated. 

‒ The planning system must be fit for purpose. This means closing loopholes allowing 
homes to be built which do not meet the current minimum standards for new dwellings 
and tightening rules around permitted development rights relating to change of use. 

‒ The compliance and enforcement framework should be overhauled so that it is 
outcomes-based (focussing on performance of homes once built), places risk with those 
able to control it, and provides transparent information and a clear audit trail, with 
effective oversight and sanctions. 

200 Green Finance Taskforce (2018) Accelerating Green Finance. 

976  



178 Reducing UK emissions: Progress Report to Parliament   |   Committee on Climate Change 

‒ Innovation support should be provided, both to drive down the costs of key technologies 
like heat pumps and hydrogen and to develop the consumer offering (e.g. through 'heat 
as a service' business models and smart heating controls). 

‒ Consumer education will be important, to increase familiarity with and confidence in 
low-carbon heating systems and understanding of the need to switch. Support guiding 
people through the retrofit process is key - building on the example of the Scottish Home 
Renewables Advice service. This could be done through more rapid mainstreaming of the 
retrofit coordinator role under PAS2035.201 

• Driving near-term progress. Heat policy must deliver immediate actions to drive more
rapid near-term progress.

‒ The Future Homes Standard requires deployment of energy efficiency and low-carbon
heat in new build homes. Policy should also drive early progress in the social housing and 
private rented sector and homes off the gas grid. However, to drive the rates of uptake 
required, owner-occupiers and on-gas-grid homes must also be included, emphasising 
the importance of hybrid heat pumps, which have fewer consumer barriers and generally 
lower upfront costs than heat-pump-only solutions. 

‒ The new green levy for biomethane will ensure a stable market for biomethane through 
the next decade. It is essential that the proposed new market framework for heat 
networks achieves the same respective outcome. Government should harness the 
planning framework (e.g. through zoning and concession arrangements) to manage 
demand risk and unlock investment at scale.  

‒ Home retrofit plans (e.g. as part of 'Green Building Passports') should be rolled out as 
soon as possible across the full housing stock, setting out a clear path to reaching zero 
emissions. These should be integrated with widespread local energy planning, with local 
authorities and network operators to broaden awareness and support broader decision 
making, particularly around heat infrastructure.202 

‒ Trials, pilots and demonstrations must all progress in the near-term, at sufficient scale to 
inform future policy making and to build consumer confidence. 

As well as reducing emissions, the heat and buildings strategy must also tackle the challenges of 
fuel poverty and wider issues of housing condition, including overheating, poor indoor air 
quality and sustainable drainage. 

Policy must cover all buildings, not just homes. 

• For commercial buildings, there is a need to step up the pace on plans to introduce an in-use
performance programme based on the NABERS model,203 which together with the new
ambitious standards for the private-rented sector, can drive carbon efficiency improvements
through the stock.

201 'PAS 2035 - Specification for the energy retrofit of domestic buildings' was introduced as a result of the 2015 
'Each Home Counts' review, with the backing of industry and BEIS. 
202 Energy Systems Catapult (2020) Local Area Energy Planning: Supporting clean growth and low carbon transition; 
Energy Systems Catapult (2020) Net zero carbon buildings: Towards an enduring policy framework; Association for 
Decentralised Energy (2019) Zoning for Heat and Energy Efficiency – A framework for decarbonisation to net zero for 
domestic and non-domestic buildings. 
203 See: https://www.nabers.gov.au/  
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There is also scope to phase out fossil fuel boilers and reach zero emissions earlier in non-
residential buildings. Finally, plans for targeted support for SMEs need to be scaled up. 

• The public estate can play an important role in driving the wider market and showing 
leadership through the mandatory targets for a 50% reduction in emissions by 2032, with 
central Government leading the way through a new set of ambitious Greening the 
Government targets. This must be supported with adequate funding from Central 
Government and/or permission for public bodies to raise finance. Local authorities should be 
supported to monitor and report emissions from their own estate and local areas and report 
on climate resilience. 

This programme of renovation and improvement must take a broader view of buildings safety 
and performance, including water efficiency, adequate levels of ventilation and thermal comfort 
and improved resilience. 

b) Decarbonising transport: getting there sooner and other transport priorities – 
recommendations for DfT, supported by HMT and BEIS 

The COVID-19 pandemic is already changing how people travel, and provides an opportunity to 
encourage sustainable behaviours such as working-from-home and active travel (e.g. walking 
and cycling). Some cities are already redesigning streets to encourage walking and cycling 
instead of car use. Without Government support in these areas there is a risk of lower use of 
public transport and increased use of cars, in the short-term.  

The Government is currently consulting on bringing forward its 'Road to Zero' ambition to 
phase-out the sale of petrol and diesel cars. Our assessment is that the date should be brought 
forward to 2032 at the latest, as currently planned in Scotland. In the near-term, purchase 
subsidies should be maintained and planning for a transition to fiscally neutral incentives should 
begin now, for example through Vehicle Excise Duty (VED) that is more highly differentiated by 
CO₂. Electric vehicle charging infrastructure will also require targeted support to continue.  

Separately, a comprehensive framework for decarbonising HGVs, covering financial incentives, 
regulation and infrastructure is needed for the 2020s and should be planned for now.  

The Government should:  

• Strengthen schemes to support walking, cycling and public transport to reduce demand for 
higher carbon travel, and to lock in changing travel habits in response to the COVID-19 
pandemic. The public sector should lead the shift to other positive behaviours that reduce 
travel demand e.g. encouraging homeworking, facilitated through prioritising broadband 
investments over road network expansion. 

• Confirm the earlier phase-out of new petrol/diesel and plug-in hybrid car and van sales by 
2032 at the latest, in the next phase of the Transport Decarbonisation Plan later this year. A 
policy package is required to deliver on that goal: 

‒ Strong consumer incentives exist already to purchase zero emission vehicles and should 
continue: purchase subsidies, preferential company car tax, no fuel duty and lower 
vehicle excise duty (VED). VED rates could play a larger part in this package, with 
potential for purchase subsidies to scale down over time as battery costs fall. 

‒ A mandate requiring car manufacturers to sell a rising proportion of zero emission 
vehicles (i.e. a 'ZEV mandate' as used in California and China) would strengthen 
investment signals for manufacturers and ensure enough vehicles are supplied. 
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‒ Public investment in the charging network will remain important. Project Rapid has the 
right ambition for the strategic road network. More progress is needed to support home 
charging for those without off-street parking, for shared car parks and renters. 

‒ We support the recommendations of the Electric Vehicle Energy Taskforce to enable the 
efficient integration of electric vehicles in the wider energy system.204  

• Increase the ambition of UK efficiency standards for new car/van CO₂ for 2025 and 2030.  

• Set out plans for large scale trials of zero emission HGVs to establish which is the most cost 
effective and feasible technology for the UK. Evaluate existing and increase support for HGV 
logistics improvements schemes. Reflect the need for HGV recharging on the strategic road 
network in Project Rapid. As for cars and vans, a full package of policy will be required to 
drive progress. 

• The Government should deliver on its commitment of 100% of the central Government car 
fleet being ultra low emission by 2030, set out in the Road to Zero strategy, and extend it to 
cover all Government vehicles. 

These policies are needed to drive the UK market for zero emission vehicles. They will also 
strengthen the case for investments in the supply of these vehicles in the UK, and the batteries 
that they will require. Government policies directed at that supply and in supporting innovation 
to improve performance and reduce cost are also welcome. 

Though decarbonising aviation and shipping are longer-term priorities, action now is required. 
The Government should: 

• Continue to work via the International Civil Aviation Organisation (ICAO) and International 
Maritime Organisation (IMO) to reduce International Aviation and Shipping (IAS) emissions, 
setting ambitious long-term goals and developing robust mechanisms to achieve these.  

• Formally include IAS emissions within the UK's climate targets as set out in our September 
2019 letter.205 Our Sixth Carbon Budget advice will again consider and make 
recommendations as to the inclusion of IAS emissions within UK Carbon Budgets. 

• Building on the UK's Clean Maritime Plan, develop incentives for new low-carbon ammonia 
and hydrogen supply chains and accompanying port infrastructure, with the UK's first clean 
maritime cluster built by 2030. 

• Commit to an ambitious Net Zero goal for UK aviation in the forthcoming Aviation & Climate 
Change Consultation, with UK international aviation reaching net-zero by 2050, and 
domestic aviation potentially before 2050. Efficiency and low-carbon fuel measures should 
be supported, with demand-side policies also introduced to ensure emissions stay on track 
to net-zero given the availability of verifiable GHG removals. 

• Monitor non-CO2 impacts of aviation and shipping and consider how best to tackle them 
alongside UK climate targets. 

• Review the UK's airport capacity strategy in light of COVID-19 and the Net Zero transition. 
This should include a survey of UK households, businesses and public-sector organisations to 
gauge how leisure and business travel expectations have changed post-COVID, and the likely 
permanence of these changes. 

                                                           
204 The Low-Carbon Vehicle Partnership (2020) Electric Vehicle Energy Taskforce. 
205 Welsh and Scottish targets already include IAS emissions. CCC (2019) Letter from Lord Deben to Grant Shapps.  
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• Over time, residual emissions will need to be offset by using verifiable, scalable engineered
GHG removals (GGRs). DfT will need to work with BEIS in proposing a preferred mechanism
for supporting GGRs in the UK, including consultation on the market design and governance
principles, plus any interaction with international credits.

c) Helping industry to cut carbon and promoting resource efficiency –
recommendations for BEIS, Defra and Ofgem, supported by HMT

Our Net Zero report analysis demonstrated that UK industry can be decarbonised to near-zero 
emissions without offshoring. Government must now implement an approach to incentivise 
industries to reduce their emissions through energy and resource efficiency, fuel switching, CCS 
and reducing methane leakage and venting, in ways that do not adversely affect UK industry's 
competitiveness and that support the UK's economic recovery. 

• Support the recovery. Government should seek to support and create jobs through its 
industrial decarbonisation policies, especially in regions with high reliance on industrial jobs.
A number of funding schemes are already preparing to open (or have recently completed 
and may have potential for extension - see Figure 4.3) and can both support jobs and urgent 
priorities, including: demonstration of industrial fuel switching and CCS technologies, 
development of industrial decarbonisation projects and the creation of a skilled workforce 
and strong supply chain. Government should take this dual opportunity, by ensuring prompt 
award through these schemes and increased ambition.

• Avoid 'lock-in'. Wider recovery support must not ‘lock-in’ industrial sectors to higher 
emissions. Any bespoke oil and gas sector recovery support should be contingent on deep 
upstream emissions intensity reductions and clear plans for a just transition for workers and 
moves towards a net-zero business model.

• Set a clear strategy. Government has launched a number of new industrial decarbonisation 
policies in the past 18 months, but these do not all fit together, do not set a long term vision 
of enduring policies and there are gaps in the approach. Government should publish a 
comprehensive manufacturing and construction decarbonisation strategy in early 2021, 
following our Sixth Carbon Budget advice, to set out a clear vision of the long term policy 
mechanisms for industrial decarbonisation, and integrated with policy development in 
hydrogen and CCUS, where manufacturing is likely to be an early adopter.

• Fill policy gaps on fuel switching, fossil fuel production and non-road mobile 
machinery (NRMM).
‒ There are no plans for operational support for industrial electrification, or use of 

hydrogen and bioenergy (with CCS), but some mix of these will be required to 
decarbonise industry and early deployment is needed urgently. Government should 
consult on mechanism(s) to enable early deployment of these technologies. It should 
also decide on its preferred mechanism for supporting industrial CO₂ capture and set out 
plans for awarding support. 

‒ Government should also set out policies for significant reductions in the emissions 
intensity of fossil fuel production. Emissions from fossil fuel production have barely fallen 
since 2008, while emissions from flaring and venting are up over the same period. 
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‒ Government should set out a clear plan to develop near-zero emission NRMM for 
applications where these are not yet available, and seek to encourage the UK's potential 
first-mover advantage.206 It should also increase deployment for NRMM applications 
where options are already available.  

• Increase ambition of existing policies on resource and energy efficiency. 

‒ Government should agree an ambitious and tight set of Climate Change Agreements 
with industry to help deliver industrial energy efficiency improvements. It should also set 
out which policies will deliver the additional 12 TWh of industrial energy efficiency 
potential identified in the Government response to our 2019 Progress Report, specifically 
detailing how these will total 12 TWh.207 

‒ Defra and BEIS should work together to develop further policies to support the 
Government's Resource and Waste Strategy for England, with a particular focus on 
policies for encouraging efficiency within manufacturing and construction and reducing 
consumer demand for products. 

d) Delivering low-carbon land use and reducing waste by strengthening the 
Agriculture and Environment Bills - recommendations for Defra and devolved 
counterparts in Scotland, Wales and Northern Ireland, supported by BEIS and HMT 

The UK’s Net Zero target and climate resilience will not be met without changes in how we farm 
and use our land. Our scenarios for deep reductions in land-based emissions balance the need to 
reduce emissions with other essential functions of land, including maintaining food production 
(which will help prevent the off-shoring of emissions), climate change adaptation and 
biodiversity. They require rapid changes in farming practices, a shift to less carbon-intensive 
diets and sustainable improvements in crop yields, such that around one-fifth of agricultural 
land is released by 2050 for actions that reduce emissions and sequester carbon. The Agriculture 
and Environment Bills provide an early opportunity to shape changes in the UK's land, and the 
new Office for Environmental Protection can ensure low-carbon land use practices are adhered 
to.  

• Defra, BEIS and HMT should build on the Agriculture and Environment Bills to bring forward 
a new policy framework to incentivise emissions reductions across UK land, and wider 
environmental co-benefits:  

‒ Strengthen the regulatory baseline to ensure low-cost, low-regret options are taken up, 
including banning the burning of peat, peat extraction and the use of peat in compost. 

‒ Develop mechanisms for both private and public finance to support land based 
solutions. Develop a market mechanism (e.g. trading scheme or auctioned contracts) to 
incentivise afforestation and energy crop planting, and ensure that post-CAP public 
funds (e.g. ELMs) incentivise low-carbon farming practices,  agroforestry, peat restoration 
and non-carbon benefits of afforestation. This should also support the clear co-benefits 
for wider environmental goals, including climate change adaptation and encompassing 
flooding, biodiversity and air quality, amongst others.  

                                                           
206 Vivid Economics (2019) Energy Innovation Needs Assessment (Sub-theme report Road transport). 
207 BEIS (2019) Leading on clean growth: government response to the Committee on Climate Change 2019 progress 
report to Parliament - Reducing UK emissions. 
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‒ Introduce new schemes to address non-financial barriers to change such as retraining 
and awareness raising, tackling tax treatment of woodland creation and tenancy and 
landlord constraints. 

‒ Policies to encourage consumers to shift to lower emission diets and reduce food waste, 
starting with the public sector. 

• Reducing emissions and increasing carbon sequestration sit alongside many other public
interest objectives for UK land, including adaptation to climate change and biodiversity. The
25-year Environment Plan provides the over-arching framework for land policy that covers
these wider objectives. Policies to increase carbon sequestration should be implemented in a
way that also supports these wider objectives, for example by aligning the timing and
security of payments for different environmental goods.

Achieving significant emission reductions in the waste sector requires a step-change towards a 
circular economy, moving away from landfill and incineration (and the associated methane and 
fossil CO₂ emissions), and towards a reduction in waste arisings and collection of separated 
valuable resources for re-use and recycling. This applies at local, regional and national levels. 
Wales is setting a leading example in the UK, but there are also several decades of experience in 
a number of other countries (e.g. Germany, Austria, South Korea) to draw upon. 

• The transition to universal collection of separated food waste, garden wastes and other
recycling across England planned in the Environment Bill should be significantly accelerated
and rolled out over 2022-2024 (instead of over 2023-2035), so that all regions of the UK can
legislate this year to ban both municipal and non-municipal biodegradable wastes from
landfill by 2025. 208 Local authorities and private waste management firms need to urgently
invest in collection infrastructure and new recycling, composting and anaerobic digestion
facilities. There must be sufficient treatment capacity made available before the landfill ban
for biodegradable wastes comes into force, so that increases in incineration or exports are
avoided.

• Achieving a 70% recycling rate at the latest by 2030 in England (with this target to be
included in the Environment Bill) and in Northern Ireland, and by 2025 as already proposed
in Wales and Scotland, will be key to phasing out waste exports and limiting fossil emissions
from energy from waste plants. Defra should also plan how waste reduction and higher
recycling rates will impact the utilisation of (and need for further) energy from waste plants,
and via a set of guidance notes, help align local authority waste contracts and planning
policy to these findings.

• Fossil emissions from energy from waste plants are growing rapidly (currently at 6.8
MtCO₂e/yr), and will continue to do so in the near term. 209,210 Once built, the main emissions
mitigation option from these plants will likely be CCS, even at modest plant scales. 211

208 To date, only Scotland has legislated for a landfill ban on municipal biodegradable wastes by 2025 (delayed from 
2021). Northern Ireland banned landfilling of separated collected food waste in 2015, but is yet to ban other waste 
streams. No country in the UK has yet legislated for a landfill ban on non-municipal biodegradable wastes. 
209 Including Energy from Waste (EfW) incineration along with other waste to power/heat conversion technologies, 
such as gasification and pyrolysis plants classified as 'Advanced Conversion Technologies' (ACT) by BEIS. 
210 44 EfW & ACT plants have been built since 2010, taking total current operating capacity up to 1.32 GWe across 66 
plants. There are 0.56 GWe currently under construction (which could increase emissions by 3 MtCO₂e/yr), with a 
further 0.47-1.38 GWe (up to an additional 7.1 MtCO₂e/yr) granted planning permission (range due to some 
planning expiry dates not being specified). See BEIS (2020) Renewable Energy Planning Database. 
211 Energy Systems Catapult (2020) Energy-from-waste plans with carbon capture.  
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When regional CO₂ infrastructure becomes available, operational plants above a certain scale 
should be incentivised or required to retrofit CO₂ capture. New plants (and plant expansions) 
above a certain scale should only be constructed in areas confirmed to soon have CO₂ 
infrastructure available, and should be built 'CCS ready' or with CCS.212 These retrofit dates 
and capacity thresholds should to be set as part of the UK's new Bioenergy Strategy, and 
aligned with BEIS' CCS infrastructure plans. 

• Mandatory business food waste reporting would help achieve reductions in food waste, 
building on the current voluntary approach,213 alongside reductions in household food 
waste. The UK achieving its Courtauld 2025 targets and the UN's Sustainable Development 
Goal 12.3 (halving per capita food waste by 2030) could also free up more UK land. 

• Local councils should be carefully considering the fossil emissions from waste to energy 
plants, and how these plants will retrofit CCS in the future, plus the impact of waste 
reductions and improved recycling. 

e) Priorities for the energy White Paper: accelerated electrification, CCS, hydrogen, 
bioenergy and a more flexible energy system - recommendations for BEIS, 
supported by HMT and Ofgem 

The forthcoming energy White Paper is an opportunity for the Government to reflect on the 
success of electricity market reform over the past decade (see chapters 2 and 3), and apply the 
same ambition to delivery of low-carbon electricity, CCS, hydrogen and bioenergy during the 
2020s and 2030s. Thinking about these elements together can provide a whole systems view of 
system flexibility. 

• Renewables can now be deployed at scale in the UK with no or little expected average 
subsidy over their lifetime. However, the high development and capital costs of renewables 
and uncertainties around future revenues in a wholesale market with high penetration of low 
short-run cost generation mean that Government should take advantage of the cost 
reductions in renewable electricity over the past decade and should continue to use the 
Contracts-for-Difference (CfD) auction mechanism to deliver ambitious power sector 
decarbonisation during the 2020s, consistent with plans for electrification of transport and 
heat.  

‒ The objective should be to deploy enough low-carbon generation to reach an emissions 
intensity of 50 gCO₂/kWh by 2030, through annual CfD auctions, including for 40 GW of 
offshore wind. This will allow for increased electricity demands from low-carbon heat and 
transport that are expected in the 2020s to be met by low-carbon electricity.  

‒ Any proposed market reforms should demonstrate that they are better than available 
alternatives, ensure arrangements are tailored to both present and future system needs 
and allow projects to access returns that reflect their value to system operation and 
resilience, whilst acknowledging that some of the principles of EMR are likely to endure. 

  

                                                           
212 DECC (2009) Carbon Capture Readiness (CCR). 
213 WRAP (2020) Food Waste Reduction Roadmap. 
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‒ Under ongoing changes to the CfD scheme, Advanced Conversion Technologies (ACT),214 
dedicated Biomass with CHP and large-scale Anaerobic Digestion should be moved into 
Pot 1. These technologies are now commercially mature, and have potentially limited 
roles in contributing to achieving net-zero emissions by 2050 if they cannot be 
subsequently fitted with CCS. Moving them out of Pot 2 will ensure that technologies 
that are of more strategic value to achieving Net Zero (e.g. floating offshore wind) will 
have greater access to support. 

• Support for gasification technologies should be focused on those that provide a 
development route towards production of low-carbon fuels (e.g. hydrogen and 
advanced biofuels). The criteria for support for ACT are unlikely to drive these 
developments. As Energy from Waste incineration support under Pot 1 is only 
available for plants with CHP, ACT support in Pot 1 should also be restricted to 
only ACT plants with CHP. 

• Construction of new biomass combined heat and power plants that are not 
required to be 'CCS ready' (i.e. below the current threshold of 300 MWe) may lead 
to construction of capacity that is inconsistent with the best use of biomass in 
meeting the Net Zero target, which would require biomass energy generation 
with CCS (i.e. BECCS).215 

• For anaerobic digestion, priority should be given to injection of biomethane into 
the gas grid, in line with BEIS recent 'Future Support for Low Carbon Heat' 
proposals.216 

‒ Offshore wind power is the fastest growing source of electricity in the UK, with further 
potential for more than 75 GW of offshore wind farms to be operational by 2050. BEIS 
should develop a strategy to coordinate interconnectors and offshore networks for wind 
farms and their connections to the onshore network.  

• Carbon Capture and Storage is a necessity, not an option, for the UK's net-zero objectives. 
Plans should be delivered for CCS to be operational at multiple industrial clusters from the 
mid-2020s, with ambition for scaling up infrastructure beyond this.  

• Low-carbon hydrogen is critical to achieving Net Zero, and needs to be deployed at scale 
during the 2020s. Given the potential of the fuel across multiple sectors, a cross-cutting 
vision and strategy for a hydrogen economy will be required from Government, with 
production and use starting from the early 2020s. Risk sharing mechanisms for the first users 
and producers of low-carbon hydrogen are likely to be required, in order to develop a market 
for low-carbon hydrogen.  

• Publish a new cross-department Bioenergy Strategy, aligning policy with the best-uses of 
biomass and wastes to 2050 (maximising sequestration and displacement of emissions).  

                                                           
214 As defined by BEIS, 'Advanced Conversion Technologies' (ACT) are gasification and pyrolysis conversion plants 
that convert waste (or biomass) into a syngas and/or a liquid oil, before combustion to generate electricity (and 
heat). There are minimum thresholds for the syngas efficiency and syngas calorific value to be met in the CfD 
scheme, but these are not onerous, and are not sufficient to develop gasification/pyrolysis technology suitable for 
advanced biofuels or hydrogen production. The majority of ACT plants use refuse derived fuel to generate 
electricity, therefore fulfilling a similar role in the energy system as EfW incineration, and with similar fossil 
emissions. 
215 CCC (2018) Bioenergy in a low-carbon economy. 
216 BEIS (2020) Future support for low carbon heat. 

984  

https://www.gov.uk/government/consultations/future-support-for-low-carbon-heat


 
 

    
 
186 Reducing UK emissions: Progress Report to Parliament   |   Committee on Climate Change 

 

‒ Map the potential and economic feasibility of retrofitting CCS to all UK bioenergy and 
waste facilities producing power, heat, fuels, gases and/or chemicals.  

‒ Set capacity thresholds for new facilities (not just in power) to be built as 'CCS ready', and 
set dates beyond which all facilities must be built with CCS or must retrofit CCS, based on 
the regional roll-out of CCS. These measures will be required to avoid lock-in of 
infrastructure incompatible with Net Zero.  

‒ The new Strategy should also consider UK and international governance over biomass 
feedstocks, the current uncertainty and variability in lifecycle GHGs of emerging bio-
economy uses (such as bio-based plastics), as well as support schemes for biogenic CO₂ 
capture and sequestration, aviation biofuels and UK feedstock production. 

• Alongside this, Government and Ofgem should continue to improve system flexibility 
through the implementation of all actions in the Smart Systems and Flexibility Plan. Longer-
term, plans should ensure the flexibility available from the interactions between sectors (e.g. 
electric vehicles, electrified heat) and vectors (e.g. power, hydrogen, energy storage) is used.  

The decarbonisation of the power sector has been a strong UK success story. Policy will still have 
an important role in future to ensure the market delivers sufficient scale and flexibility to support 
the decarbonisation of the rest of the economy. 

f) Delivering a low-carbon and resilient Government estate - recommendations for 
the Cabinet Office, all departments and public landowners 

Government departments should follow best practice shown by leading businesses to monitor 
and verify their paths to a net-zero and climate resilient future. Reducing emissions across the 
Government estate is a good place to start.  

The Government estate is vast, comprising hundreds of thousands of assets, from ports to 
prisons, railways, schools and hospitals, managed by over one thousand property management 
organisations. In many areas, public landowners have the purchasing power and co-ordination 
to drive change in a sector. Government can lead by example via its own procurement 
strategies, developing low-carbon markets and standards that act to reduce emissions, as well as 
addressing overheating, green space and sustainable drainage. At a minimum Government 
should deliver the commitment in the Clean Growth Strategy to halve emissions across the 
public estate by 2032 at the latest. 

The 2018 Government Estate Strategy set out a vision for Government property out to 2022. This 
strategy should be reviewed and extended, taking into account the new net-zero objective, and 
the need to adapt to a changing climate. This should include the Palace of Westminster. 
Departments should adopt a new set of stretching Net Zero targets under the Greening the 
Government programme for 2025 and 2030, and look to the Ministry of Defence's work on 
making its estate resilient to future climate risks.217  

Government departments can also lead action in decarbonising their vehicle fleets (Section 
6.3.b).  

 

                                                           
217 MoD (2018) Global Strategic Trends. 
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g) Getting the rules right: the role of the regulators and public bodies 

Designing and implemented rules and regulation across the economy can ensure that the 
Government's climate objectives are prioritised equally alongside other objectives such as 
consumer protection, and economic efficiency. Economic regulators should have climate 
change as part of their core objectives. Specifically, regulators will also need to help drive the 
transition to Net Zero emissions and a climate resilient future in a number of areas.  

• These most obviously include Ofgem, especially on energy networks. Regulatory frameworks 
may need to evolve as new vectors emerge and with an increasing integration between 
systems (e.g. hydrogen, which will need to be produced using CCS or renewable electricity 
and could supply power generation, heating, transport and industry). Ofgem's recent 
decarbonisation action plan sets out Ofgem's initial thinking on the impact of Net Zero on its 
activities. Ofgem should also set out ambitious requirements for reductions in leakage of 
methane from the gas grid. 

• There could also be a role for financial and pension regulators, for example in requiring 
and monitoring disclosure of exposure to climate risks and compatibility of investments with 
a Net Zero target.  

• Ofwat should include decarbonisation as one of its core principles, in light of the water 
industry's goal of achieving Net Zero by 2030, and the need to accurately measure the 
industry's emissions in the UK GHG Inventory. Similarly, Ofwat and the water industry will 
have a critical role to play in enabling adaptation to the UK's changing climate, and should 
embed this as a core objective.  

• Some, such as the Oil and Gas Authority (OGA), are reviewing their strategies in light of Net 
Zero. The UK Regulators Network is also considering the implications of Net Zero for its 
regulator members; several water companies have strategies for net-zero emissions by 2030.  

• The National Audit Office (NAO) has a role to play in holding Government to account on 
meeting its climate objectives. Building on a volume of scrutiny of environmental policy over 
the past decade, the NAO is currently undertaking a review of the Government's response to 
Net Zero - now delayed until end-October.  

• The soon-to-be established Office for Environmental Protection will be important in 
enforcing environmental regulations once the UK has left the EU, including on climate 
change mitigation and adaptation. 

Where Government leads, public bodies should follow. The Government's strategy for the 301 
public bodies that exist across the UK is due to expire at the end of this year.218 This presents an 
opportunity to refresh the strategy to put plans in place to monitor and reduce the carbon 
footprint of public bodies - with energy use and transport being priority areas - whilst ensuring 
their plans are resilient to current and future climate change.  

In some areas public bodies are already leading by example, such as the work being done by the 
NHS on its Net Zero action plan. 

 

 

 

                                                           
218 Cabinet Office (2019) Public Bodies 2018-19. 
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h) Government leads, others act: the role of people, business, local government, 
and the need for a just transition 

Public awareness 

To date, much of the success in reducing UK emissions has been invisible to the public. 
Government policy has enabled emissions reductions to proceed in a way that has not required 
mass engagement, by reducing the 'supply' of emissions into the economy. For example, low-
carbon power now provides over 50% of the UK's electricity supply, with no change to the 
service that electricity provides. Reaching net-zero emissions will require more involvement 
from people in engaging with the emissions reductions required, and reducing or adapting 
demand for energy intensive services: 

• Over 60% of the abatement in our Net Zero scenarios to 2050 involves at least some degree 
of change from consumers (e.g. driving an electric car, or installing a heat pump instead of a 
gas boiler).  

• Within this, around 10% is driven by consumer choices - shifting more quickly towards 
healthier diets, reducing growth in aviation demand and choosing products that last longer 
and therefore improve resource efficiency.  

Though BEIS leads regular monitoring of public attitudes to energy and emissions, and the 
public are engaged in some policy development, there is currently no Government strategy to 
engage the public in the transition to a low-carbon and climate resilient economy. This will need 
to change. People should understand why and what changes are needed, see a benefit from 
making low-carbon choices and have access to the information and resources required to make 
the change happen. The engagement strategy should recognise the importance of co-benefits 
such as improved air quality, comfort and health and the need to adapt to the impacts of climate 
change, alongside reducing emissions.  

It will not be possible to get close to meeting a Net Zero target without engaging with people or 
by pursuing an approach that focuses only on supply-side changes:  

• At the moment, while the public are generally supportive of action to tackle climate change, 
and 75% of people are concerned about climate change, just 35% of people report having 
heard of ‘Net Zero’ as a concept, and only half of people are aware that their gas boiler 
causes emissions.219 People who wish to reduce their impact on emissions are not provided 
sufficient support to make decisions that achieve this. 

• People will need help to make low-carbon choices, both in terms of behaviours and in 
adopting low-carbon technologies. This will require making low-carbon choices more 
available and easier to use, provision of information, trials to see what works and policy that 
learns by doing. Some of the difficult decisions that will be required, (e.g. on the balance of 
electrification and hydrogen that replaces natural gas heating), will only be possible if people 
are engaged in a societal effort to reach net-zero emissions and understand the choices and 
constraints.  

 

 

                                                           
219 See BEIS (2020) Public Attitudes Tracker, and Energy Systems Catapult (2020) Net Zero: A Consumer Perspective. 
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The Citizens Assembly convened by Parliament is an exemplar of public engagement, and 
should be the beginning of a wider conversation on the Net Zero target. After initial delay due to 
COVID-19 it was completed virtually and is due to report later in the year. Its findings should 
inform policy development and wider efforts to engage the public in the Net Zero challenge. By 
acting on its findings the Government can recognise the importance of this process, and look to 
integrate it further into policy development. A similar exercise should also be conducted on 
public engagement with climate change adaptation.  

The need for a just transition 

Economies are always in transition. The UK energy sector has seen transitions prompted by the 
industrial revolution, by the decline of UK coal mining and rise of natural gas and oil extraction in 
the North Sea, by privatisation and most recently by the need to decarbonise.  

Broader transitions currently underway include the ongoing digital revolution and the 
accompanying wave of new disruptive technological developments (often referred to as the 
‘Fourth Industrial Revolution’) including artificial intelligence, automation and robotics. Similarly 
the COVID-19 pandemic is forcing a reshaping of society.  

As the UK moves from setting the Net Zero target to implementing a path that will achieve this 
goal, greater focus is needed on the wider socioeconomic impacts of decarbonisation. The 
transition to net-zero will necessitate a shift in employment, away from some inherently high-
emitting activities (e.g. fossil fuel supply) to highly-skilled jobs to deliver the emissions 
reductions required.  

The transition to a zero-carbon economy differs from other transitions as much of it will need to 
be policy-led, rather than a reaction to changing technologies and circumstances. The required 
speed of the transition is fast and the scale large, spanning across most aspects of the economy.  

Like past transitions, the transition to net-zero GHG emissions will result in the creation of new 
markets and industries and a shift away from old industries, with consequences for employment. 
It will also bring down costs of some goods and services, while increasing the cost of others.  

In many areas a transition to a net-zero and a climate resilient future presents a vision for a 
positive impact on society, by reducing emissions and improving resilience to the impacts of 
climate change, but also improving air quality, healthier diets and increased green space, for 
example. Additionally, chapter 5 notes how climate objectives can lead to wider economic 
benefits, by creating jobs. This shift should be managed so that burdens and benefits are fairly 
distributed amongst society, ensuring a just transition. 

A strategy will be needed to ensure a just transition across society, with vulnerable workers and 
consumers protected. The Treasury's Net Zero review will play an important role in informing 
this, and must include analysis at the regional level and for specific industrial sectors. We note 
the work already being undertaken in Scotland's Just Transition Commission, and the Welsh 
Well-being of Future Generations Act (2015) as potential examples of how this can be taken 
forward.  

The role of business 

Businesses are committing to Net Zero targets (Section 4.3.c), and can play a key role in 
delivering the UK's net-zero objectives. Over 120 leading businesses wrote to the Prime Minister 
in support of the UK's Net Zero target, and more have recently written in support of a green 
economic stimulus policy to respond to the COVID-19 pandemic.  
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For companies seeking to begin or accelerate their journey to Net Zero, a key step is to assess 
and disclose how they will be impacted and the actions they are taking in response to climate 
change risks and opportunities, including transition risks (mitigation) and physical risks 
(adaptation), through the Task Force on Climate-related Financial Disclosures (TCFD) as well as 
the Carbon Disclosure Project (CDP), as many businesses are doing.  

• Effective disclosures will include planning for both a '2°C or lower' scenario as stipulated by 
the TCFD, as well as scenarios involving a greater than 2°C global temperature rise by 2100 
(such as 4°C), to address both transition and physical risks. 

• Companies must also disclose the metrics and targets they use to manage relevant physical 
and transition risks and opportunities, including their GHG emissions in line with the GHG 
Protocol methodology. 

Increasingly, businesses will need to ensure they deliver on ambitious climate objectives.  

• Currently, this means switching fleets to electric vehicles, purchasing genuine low-carbon 
energy, and monitoring the emissions resulting from all of their activities. 

• In the future this will mean ensuring heating comes from low-carbon sources, heavy goods 
vehicles run on low-carbon hydrogen or electricity and any remaining emissions reduced to 
zero as much as possible.  

• The market for offsets is likely to be limited in the scale of sustainable offsets available. 
Where possible, zero emissions should be the goal, with emissions removal offsets used as a 
last resort.  

‒ Many businesses include plans for international offsetting of their emissions. The past 
decade has seen the expansion of the voluntary offset market amongst businesses and 
individuals (although it remains significantly smaller than the global compliance offset 
market - the Clean Development Mechanism (CDM)). The market allows actors to 
purchase offsets for their carbon-intensive activities by funding projects such as 
reforestation or renewable energy developments. Independent organisations have 
emerged who aim to verify the credentials of offset projects. This provides more 
credibility to a market which has historically been difficult to regulate, verify and assess. 

‒ As business commitments continue to scale up, companies are outlining targets 
compatible with a 1.5°C pathway, which will require deeper and more challenging 
reductions in emissions. In the coming years, it is likely ambitions will be ratcheted up 
further. To be in line with the Committee's recommendations for the UK's Net Zero target, 
businesses should eliminate or significantly reduce the use of offsets in meeting climate 
targets, limiting their use to emissions that are otherwise unavoidable.220  

Businesses, local government and other 'non-state actors' will also play an important role in 
COP26 and are crucial to maintaining momentum in jurisdictions where national governments 
are not currently prioritising climate action (e.g. the US). We will provide further analysis on the 
role of business in the UK's climate objectives in our work on the Sixth Carbon Budget later this 
year.  

 

 

                                                           
220 House of Commons Hansard (12 June 2019) Net Zero Emissions Target, Volume 661, Columns 673 and 682.  
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The role of cities and local authorities 

Cities and local authorities are well placed to understand the needs and opportunities in their 
local area, although there are questions over whether they have sufficient resources to 
contribute consistently and strongly to reducing emissions (Box 6.1).They have important roles 
and opportunities in the transition to net-zero: 

• They should have a key role in local area energy plans, alongside network operators, 
especially in relation to building community consensus on plans for decarbonising heating. 

• They have important roles on transport planning, including providing high-quality 
infrastructure for walking and cycling, provision of charging infrastructure for electric 
vehicles, and ensuring that new housing developments are designed for access to amenities 
and public transport.  

• They can improve health outcomes for people who live and work in the area by 
implementing clean-air zones that discourage use of polluting vehicles and other 
technologies.  

• They can also put in place plans to ensure their local area is resilient to the future impacts of 
climate change.  

Local and combined authorities are embracing these objectives, with over two thirds of them 
having declaring 'Climate Emergencies' over the past 18 months, and many are considering how 
to implement ambitious emissions reductions strategies (Box 6.1). Nonetheless significant gaps 
remain:  

• A lack of resources can mean climate change is one of many competing priorities, with 
monitoring of local emissions not taking place on a commonly recognised basis, and 
emissions reductions pathways not being co-ordinated across the country.  

• Climate adaptation is not given sufficient attention in local plans, despite significant local 
powers to improve adaptation.  

• The National Planning Policy Framework can also hinder delivery of climate objectives at a 
local level. Government should incentivise, support and enable local authorities to deliver 
emissions reductions and climate adaptation measures at a local level. This can only be 
achieved with nationally supportive, consistently aligned Net Zero policy from all 
Government departments.  
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Box 6.1. Local delivery of emissions reductions 

The Committee has previously highlighted the good work being done to reduce emissions at a local 
and regional scale and called for Government to strengthen incentives for action by resourcing and 
encouraging area wide low-carbon action plans. Local and Combined Authorities have embraced the 
public enthusiasm for climate action by developing ambitious decarbonisation objectives. However, 
given competing objectives for limited funds, local authorities are still facing an uphill struggle to place 
Net Zero at the centre of policy.  

• In 2019/2020 at least 280 Local Authorities and Combined Authorities declared Climate
Emergencies.

• In many cases these pledges build on strong progress over the past decade, as local authorities
delivered programmes to achieve emissions reductions that benefit residents and the local
economy. Some examples include:

‒ Greater Manchester’s Five Year Environment Plan to deliver rapid emissions cuts in energy, 
buildings, transport, sustainable consumption and the natural environment. 

‒ Bristol City Council's 'City-Leap': an investment proposal for a low-carbon, smart energy 
infrastructure programme, delivering building retrofit and heat decarbonisation. 

‒ Nottingham City Council’s workplace parking levy - funding extensions to the city’s tram 
and Linkbus networks. 

‒ Warrington Borough Council’s Green Energy Strategy - including a recent £60m investment 
in solar farms and battery storage. 

• Local authorities are not required to monitor or report their emissions, although many do so. An
array of information on possible emissions reductions is available from numerous sources,
although there is currently no standard approach for target setting or developing action plans at a
local level.

• Some national co-ordination and a framework for local delivery of the UK Net Zero target is
required that allows for flexibility in how emissions reductions are delivered at a local level, whilst
recognising that some decisions might benefit from co-ordinated scale (county and districts waste
reductions, local area energy plans spanning local authority boundaries, or a regional switchover to
hydrogen for heat, for example). This should enable local authorities to develop plans appropriate
to their local areas but should not hold back those that have already developed plans.

The Committee previously called for local authorities to draw up low-carbon plans which include a 
high level ambition for emissions reduction by focusing on drivers of emissions over which they have 
influence (e.g. number of homes insulated, car miles travelled). At the time, we recommended that it 
would not be appropriate for local authorities to set (or be set) binding carbon budgets given the 
multiple drivers of emissions, many of which are beyond their control. 

This year, as part of our advice on the Sixth Carbon Budget, we intend to produce an accompanying 
publication on local delivery for local authorities, city-regions and national policy-makers. This will 
include recommendations for local authorities with data and resources to aid decision-making, 
including early no-regrets actions for the 2020s and timelines for the 2030s.  

Source: CCC analysis. Climate Emergency (2020) List of Councils.  
Notes: New climate emergency information is being provided by organisations including The Local Government 
Association, Ashden & Friends of the Earth, APSE/APSE Energy, Core Cities, The Centre for Sustainable Energy, 
Green Alliance, UK 100, The UK Climate Emergency Network, The Tyndall Centre for Climate Change and 
SCATTER. 
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Foreword 

I am pleased to present the Climate Change Committee’s recommendations for 

the UK’s Sixth Carbon Budget which will run from 2033 to 2037. This report builds on 

the advice we gave last year, which led to Net Zero becoming law throughout the 

UK. 

 

Whereas then we painted a detailed picture of the UK in 2050, now, we describe 

the path to Net Zero. We explore the changes that the UK will see on that journey 

and detail the steps that must be taken to ensure we stick to our essential 

endeavour. 

 

This is the most comprehensive advice we have ever produced. It is a blueprint for 

a fully decarbonised UK. A rich depiction of the choices before us in reaching the 

goal of net-zero greenhouse gases by 2050 at the latest. 

 

Our recommended pathway requires a 78% reduction in UK territorial emissions 

between 1990 and 2035. In effect, it brings forward the UK’s previous 80% target by 

nearly 15 years. There is no clearer indication of the increased ambition implied by 

the Net Zero target than this. Our pathway meets the Paris Agreement stipulation 

of ‘highest possible ambition’. It is challenging but also hugely advantageous, 

creating new industrial opportunities and ensuring wider gains for the nation’s 

health and for nature.  

 

Some of our most important work is on the costs of the transition. Low carbon 

investment must scale up to £50 billion each year to deliver Net Zero, supporting 

the UK’s economic recovery over the next decade.  This investment generates 

substantial fuel savings, as cleaner, more-efficient technologies replace their fossil-

fuelled predecessors. In time, these savings cancel out the investment costs entirely 

– a vital new insight that means our central estimate for costs is now below 1% of 

GDP throughout the next 30 years. 

 

The pace of our recommended emissions path tells an important story about what 

must follow and what has gone before. We don’t reach Net Zero simply by wishing 

it. There must be a process and a sequence by which we reach the goal. Progress 

is more gradual in the early years as we make up for lost ground. Scaling up new 

policy development, ramping up new supply chains for low-carbon goods, 

addressing sectors that have progressed too slowly: transport, industry, buildings, 

agriculture. A critical moment arrives in the early 2030s, as sales of most high-

carbon goods are phased out altogether. UK emissions fall sharply over the 2030s, 

before levelling off in the 2040s, as we clear the final hurdles to Net Zero. 

 

The implication of this path is clear: the utmost focus is required from government 

over the next ten years. If policy is not scaled up across every sector; if business is 

not encouraged to invest; if the people of the UK are not engaged in this 

challenge - the UK will not deliver Net Zero by 2050. The 2020s must be the decisive 

decade of progress and action. 

 

Yet, that progress will be impossible if it is not just. Fairness in the transition to Net 

Zero is an essential constituent for its success. In aggregate, the costs are low - but 

that must not hide the need to distribute the costs and the benefits fairly. Our 

recommended path heralds a major transition in the economy and jobs. There will 

be new low-carbon employment opportunities, but there will also be high-carbon 

sectors that shrink.  
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These impacts can be highly concentrated in some regions of the UK. We must 

prepare now for those changes. It is the government’s role to ensure we have the 

training and the skills that those changes require.  National, regional, and local 

investment in low carbon industries is now an economic and social priority. 

Combatting climate change provides us with the means of levelling up as an 

essential part of our economic revival. 

In this endeavour, we will not be alone. The club of nations that has committed to 

Net Zero has grown significantly since our report last year. These new pledges, 

including those of China and the EU, South Korea and Japan, as well as the 

expected pledge from the US, offer mutual advancement. These are our markets 

of the future and, as low-carbon technologies and strategies develop around the 

world, we can be more assured of the global response to climate change and the 

widespread transitions that are underway in energy, transport, and industry. These 

will also mean that the reduction in our territorial emissions will be mirrored in the 

reduction of the carbon footprint of our imported goods and services. 

The signs point to a propitious moment for global climate ambition in Glasgow next 

year. But our international leadership, in the Presidency of COP26 and of the G7, 

must begin at home. Our influence in the wider world rests ultimately on strong 

domestic ambition.  

For this we look to the framework provided by the UK’s Climate Change Act, which 

has governed the work of the Committee in producing this report. The basis of the 

British approach to tackling climate change is contained in the mix of 

responsibilities that the Act lays out so clearly. An independent body, the Climate 

Change Committee, advises on targets and delivery and measures progress. The 

long-term emissions goal is determined by the UK’s international obligations, 

themselves reflecting the scientific imperatives. Interim targets, expressed in the 

carbon budgets, are set in line with that long-term goal, stimulating short-term 

action. But the responsibility of meeting these carbon budgets – of actually 

delivering on the advice and the commitments – rests with Government. This 

Report gives the Government and Parliament the route map to meeting those 

statutory obligations. 

This is the governance system that has served the UK well since 2008 and this Sixth 

Carbon Budget is its most complete expression. It is the product of an immense 

effort from my Committee and the talented team that supports it. I commend the 

advice strongly to Ministers and I urge the Government to legislate for the Sixth 

Carbon Budget as soon as possible. That would constitute the strongest statement 

of our ambition to tackle climate change. It is a decisive moment for global Britain. 

Lord Deben 

Chair of the Climate Change Committee 
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We recommend that the UK sets a Sixth Carbon Budget to require a reduction in 

UK greenhouse gas emissions of 78% by 2035 relative to 1990, a 63% reduction from 

2019. This will be a world-leading commitment, placing the UK decisively on the 

path to Net Zero by 2050 at the latest, with a trajectory that is consistent with the 

Paris Agreement. It should be accompanied by a similarly ambitious 2030 pledge, 

to reduce emissions by at least 68% from 1990, as part of the UK’s nationally 

determined contribution (NDC) to the UN process.* 

 

Our recommended budget would achieve well over half of the required emissions 

reduction to 2050 in the next 15 years (Figure 1). This early action is vital to support 

the required increase in global ambition, especially ahead of the UK hosting the 

next UN climate talks (i.e. COP26 in Glasgow). It can feasibly be achieved at low 

overall cost and would bring multiple benefits and opportunities for the UK. 

• A leading offer from the UK. While many countries have followed the UK in 

adopting Net Zero as a long-term emissions target, global ambition to 2030 

remains far short of what is required. As President of the next UN climate 

talks (and of the G7) in 2021, the UK is in a position to influence others, but 

to do so must itself adopt an ambitious 2030 goal. Reducing emissions early 

matters as it is global cumulative emissions that drive climate outcomes. 

• A feasible path for the UK. Meeting the budget requires average annual 

reductions in UK emissions of 21 MtCO2e, similar to those achieved since 

2012 (19 MtCO2e). The analysis in this report shows this is clearly feasible, 

provided effective policies are introduced across the economy without 

delay. We estimate net costs of meeting the budget to be low, equivalent 

to less than 1% of GDP. 

• Benefits for the UK. Legislating our recommended budget would send a 

clear signal that the UK is open for low-carbon investment. This will help to 

encourage private investment at low cost at a time when it is needed to 

support the UK’s economic recovery from the COVID-19 health crisis. It 

could also help the UK secure competitive positions in growing global 

markets for low-carbon goods and services. The required changes would 

also deliver significant positive impacts for people in the UK in terms of 

health, well-being and the environment. 

 

Meeting our recommended budget will require a major nationwide investment 

programme, led by Government, but largely funded and delivered by private 

companies and individuals. Low-carbon markets and supply chains must scale up 

so that almost all new purchases and investments are in zero-carbon solutions by 

2030 or soon after. Investments should be made resilient to the expected impacts 

of climate change. Reduced operating costs in later years will pay back on the 

initial investment.  

 

More than ever before, future emissions reductions will require people to be 

actively involved. This need not entail sacrifices. Many people can make low-

carbon choices, about how they travel, how they heat their homes, what they buy 

and what they eat. The experience of the UK Climate Assembly shows that if 

people understand what is needed and why, if they have options and can be 

involved in decision-making processes, they will support the transition to Net Zero. 

 

 

 

 
*   Our budget recommendation (-78%) includes emissions from international aviation and shipping, but UN convention 

is to report these separately, so they are not included in our recommended NDC (at least 68%). On an equivalent 

basis (i.e. including international aviation and shipping), the 2030 NDC would be a 64% reduction relative to 1990. 

The budget requires a major 
investment programme, worth 
around £50 billion each year 
from 2030 to 2050. 

A major strengthening of UK 
policies is required. 

The Sixth Carbon Budget 
should set the UK emissions limit 
for 2033-37 at 965 MtCO2e. 
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Fairness is also fundamental to public support and must be embedded throughout 

policy. Only a transition that is perceived as fair, and where people, places and 

communities are well-supported, will succeed. UK Government policy, including on 

skills and jobs, must join up with local, regional and devolved policy on the just 

transition. Vulnerable people must be protected from the costs of the transition.  

 

Recent UK emissions reductions have come from the transition away from coal-

fired power, which is almost complete. Future reductions must come from 

transport, industry, buildings and agriculture, as well as phasing out gas-fired 

power. There are positive lessons from power sector decarbonisation but each of 

these sectors raises different policy challenges. Policies must provide a clear 

direction to millions of people and businesses in the UK, shifting incentives to favour 

low-carbon options and tackling barriers to action.  

 

The Government has recognised the need for significant policy strengthening and 

is developing plans in all areas of UK emissions. Now plans must translate to action 

and Government must organise for the major delivery challenge of Net Zero. A 

slower path for emissions reduction, and a looser Sixth Carbon Budget, would put 

the 2050 Net Zero target at risk and reduce the scope for learning-by-doing.  

New economic opportunities would be missed and the UK’s role as President of the 

UN climate talks would be undermined.  

 

Figure 1 The recommended Sixth Carbon Budget 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis 

Notes: Emissions shown include emissions from international aviation and shipping (IAS) and on an AR5 basis, 

including peatlands. Adjustments for IAS emissions to carbon budgets 1-3 based on historical IAS emissions data; 

adjustments to carbon budgets 4-5 based on IAS emissions under the Balanced Net Zero Pathway. 

 

 

The budget would decisively 
commit the UK to the transition 
to Net Zero emissions in 2050. 

The Sixth Carbon Budget 
should cover all sources of UK 
emissions and be met through 
domestic action in the UK. 
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Box 1 and Box 2 set out the Committee’s recommendations. The rest of this 

summary is set out in five parts: 

1. Why the Sixth Carbon Budget is right for the climate 

2. Why the Sixth Carbon Budget is right for the UK 

3. How the Sixth Carbon Budget can be met 

4. Recommendations for action 

5. Next steps 

 

 

Box 1 
CCC recommendations on the UK’s Sixth Carbon Budget  

• Budget level. The Sixth Carbon Budget (i.e. the legal limit for UK net emissions of 

greenhouse gases over the years 2033-37) should be set at 965 MtCO2e, implying a 

78% reduction from 1990 to 2035. 

• Budget scope. The budget should cover all greenhouse gas emissions, including those 

from international aviation and shipping, and removals of CO2 from the atmosphere 
(e.g. through afforestation or engineered removals such as bioenergy with carbon 

capture and storage). The Committee does not consider the previous approach of 

allowing ‘headroom’ for international aviation and shipping emissions to be sufficient 

given the importance of these emissions and the risk of their different treatment in UK 

legislation being seen as unfair by other sectors. 

• Domestic action. Performance against the budget should be judged based on actual 
UK emissions (net of removals), without recourse to international carbon units (often 

referred to as ‘credits’). The Government could choose to use credits to go beyond 

the budget as a greater international contribution. Emissions trading can be a useful 

policy lever to reduce actual UK emissions (net of removals) as required to meet the 

recommended budget. 

• Net Zero Strategy. We recommend that the Government legislates our recommended 
Sixth Carbon Budget as soon as possible and sets out its Net Zero plans and policies in 

the first half of 2021 (many of which have been under development since 2019) to 

deliver in full against the budget. The expected impact of policies, including those in 

early planning, should be clearly quantified and in sum be enough to meet the 

budget and the 2030 NDC. 

• Existing carbon budgets. Emissions will have to fall more quickly than required by the 
existing carbon budgets (i.e. the fourth and fifth, covering 2023-27 and 2028-32). It is for 

the Government to decide whether the existing budgets should be amended to bring 

them in line with the Net Zero 2050 target, however, the Committee does not consider 

it necessary to reset these in law. Forthcoming revisions to the UK’s emissions inventory 
will make existing carbon budgets more challenging. Once the NDC and Sixth Carbon 

Budget are set on the path to Net Zero, those will provide a clear target for UK 

emissions reduction over the coming decade.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

The UK’s Net Zero Strategy 
must accelerate action to 
reduce emissions across the UK 
without delay. 

1010  



Executive summary 16 

Box 2  
CCC recommendations on the UK’s Nationally Determined Contribution for 2030  

The UK will host the next UN climate talks – the 26th Conference of the Parties (COP26) – in 

Glasgow in November 2021. The period leading up to these talks is vital for increasing 

global ambition. To support that process the UK must adopt a world leading NDC that 

reflects best practice under the Paris Agreement.  

 

• Ambition on reducing emissions. The UK should submit an NDC based on the path to 

the Sixth Carbon Budget, requiring at least a 68% reduction in territorial emissions from 
1990 to 2030 (excluding emissions from international aviation and shipping, IAS, in line 

with UN convention), to be delivered through domestic action, with additional actions 

to reduce the UK’s contribution to IAS emissions.  

– This is a clear progression from the UK’s existing commitments: its expected 

effort share of the EU’s NDC (-53%), the existing Fifth Carbon Budget (-57%), 

and the expected reduction in actual emissions under the Fifth Carbon 

Budget (-61%).* 

– It would be world leading compared to existing NDCs, and amongst the 

front-runners for proposals for increased ambition. For example, if the EU 

adopts its proposed 55% reduction for 2030, our proposed NDC would be 

towards the top of the range that we estimate for the UK’s possible effort 
share had it still been a Member State. 

– It would align with the published pathways from the Intergovernmental 
Panel on Climate Change (IPCC) for a 1.5°C goal. UK emissions would fall 

by 54% from 2010 to 2030, compared to the 45% that the IPCC identifies for 
the world as a whole.  

– It is equivalent to a 64% reduction including IAS emissions, the basis of our 
recommended Sixth Carbon Budget. 

• International aviation and shipping. While these emissions are treated separately by 

the UN, they must be addressed if the temperature goal of the Paris Agreement is to 

be met. The UK’s NDC should include clear commitments to act on emissions from 

international aviation and shipping, including both long-term and interim targets. 

• Adaptation. Even if the Paris goals are delivered in full and global temperature rise is 

limited to 1.5°C, there will be further impacts from climate change beyond those 
already occurring today. If the Paris goals are missed, the global and UK impacts will 

become much more severe. The UK needs to increase its ambition on climate change 

adaptation, as it is not prepared even for the 1.5-2°C world. The UK’s NDC should 

signal how national adaptation plans will be strengthened, as well as highlighting how 

the UK is supporting climate adaptation overseas. 

• International collaboration. The UK has been a strong contributor to international 
climate finance, recently doubling its commitment to £11.6 billion in aggregate over 

2021/22-2025/26. The UK’s NDC should highlight this commitment, along with other UK 

contributions to technology development and capacity building. 

 

1. Why the Sixth Carbon Budget is right for the climate 
 

Current NDCs submitted under the Paris Agreement are predicted to lead to 

global average temperatures rising around 3°C by 2100 compared to pre-industrial 

levels, with risks of even more severe climate outcomes. The 2015 Paris Agreement 

aims to limit warming to well below 2°C and to pursue efforts to limit it to 1.5°C. 

 

China, the EU, Japan and South Korea have all announced Net Zero emissions 

targets for 2050 or soon after (2060 in the case of China).  

 

 
*   The existing EU ambition is for a 40% reduction by 2030 relative to 1990; an increase to 55% is being considered. The 

fifth budget goal of -57% refers to the net carbon account, which adjusts for emissions trading in the EU Emissions 

Trading System. 

Global ambition is increasing, 
but remains insufficient, 
especially for 2030. 

The UK should include 
separate commitments on 
emissions from international 
aviation and shipping. 

An ambitious UK NDC for 2030 
is vital to help unlock greater 
global ambition. 

The NDC should also reflect 
the need for climate 
adaptation and international 
collaboration. 
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The US is expected to join that list in 2021. Together, Net Zero commitments by 

Parties to the Paris Agreement cover nearly 50% of global CO2 emissions and 50% 

of global GDP (around 60% and 75% with the US). Further commitments by 

businesses and cities/states demonstrate underlying support that will amplify and 

facilitate the national efforts.  

 

However, existing 2030 commitments globally do not yet match the long-term 

targets and still fall far short of what is needed to meet Paris Agreement targets. As 

host of COP26, the UK should send a clear signal that it is contributing fully to the 

Paris Agreement by setting a world-leading 2030 ambition and taking strong action 

now to move decisively onto the path to its long-term Net Zero ambition. 

 

How the Sixth Carbon Budget supports global climate action 
 

Our recommended Sixth Carbon Budget and UK NDC reflect the goals and 

requirements of the Paris Agreement, recognising the UK’s responsibility as a richer 

developed nation and its respective capabilities: 

• Our recommended pathway has been explicitly designed to reflect the 

UK’s ‘highest possible ambition’ within the UK’s particular capabilities, as 

required by the Paris Agreement. 

• It would reduce the UK’s annual per capita emissions by 2035 to under 3 

tCO2e per person, in line with global pathways consistent with meeting the 

Paris 1.5°C goal (Figure 2).  

• The actions required to meet the budget and NDC (including full 

decarbonisation of the power sector, full switchover to electric vehicle sales 

and installation of low-carbon heating, and roll-out of carbon capture and 

storage) would go beyond those required from the world on average 

(Table 1), in line with the UK’s responsibility as a richer nation with larger 

historical emissions. The timing of these actions would align to that required 

from other climate leaders. 

• Comparable action from other developed countries, with developing 

countries following slightly later (i.e. where they generally adopt low-carbon 

measures later, achieve lower percentage reductions to 2030 and reach 

Net Zero emissions after 2050) would limit warming well below 2°C. We set 

out such a ‘leadership-driven’ global pathway in this report. 

• We have highlighted where policies and actions have important crossovers 

with the need to adapt to climate change, which is also included as a key 

part of the long-term response to climate change in the Paris Agreement. 

 

To limit warming below 1.5°C, modelling generally suggests that all regions will 

need to follow paths close to those currently being considered in developed 

countries. Developed countries will need to play a significant role in supporting 

those efforts. If additional action to reduce emissions domestically beyond our 

recommended budget proves possible, then the UK should take that action in 

further support of the 1.5°C ambition. 

 

 

 

 

 

 

The Sixth Carbon Budget has 
been developed to support 
the required pathways for 
reducing global emissions. 
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Figure 2 Global emissions pathways (per person) 
consistent with the Paris Agreement 

 

Source: CCC analysis. Huppmann, D, et.al. (2018) A new scenario resource for integrated 1.50C research. Nature 

Climate Change, 8 (12), 1027; Olivier, J. & Peters, J. (2019) Trends in global CO2 and total greenhouse gas emissions. 

Notes: Aggregation of greenhouse gas emissions is done using the global warming potential metric at time horizon 

of 100 years. Values from the IPCC 5th Assessment report (with climate-carbon feedbacks) are used. Minimum and 

maximum ranges are used across the global emissions scenario categories used by the IPCC Special Report on 

Global Warming of 1.50C. These figures do not include the uncertain impact of COVID-19 on 2020 emissions. 
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Table 1 
Comparison of the UK decarbonisation actions with global average pathways  

 UK – Balanced Net 
Zero Pathway 

Global average - 
1.5°C pathways 

Global average - 
2°C pathways 

Coal % of electricity generation – 2030 0% (by 2024) 8%1 13%1 

Low-carbon % of generation – 20301 87% 72%1 67%1 

Electric Vehicles % of car fleet – 2030  43% 20 - 40%2 13%3 

Electric Vehicles % of car sales – 2030 97% 52%3 40%3 

Average heat pump installation rate – 2030 
(heat pumps/thousand people/yr) 

15.3 8.83 7.73 

Low-carbon hydrogen production – 2030 (kg / 
person /yr) 

10.7 - 0.93 

CCS per capita – 2030 (tCO2/person/yr) 0.32 0.251 0.11 

Engineered removals – 2030 (tCO2/person/yr) 0.07 0.041 0.011 

 

Source: CCC analysis; 1 Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 8 (12), 1027; 2 

Climate Action Tracker Initiative (2020) Paris Agreement Compatible Sectoral Benchmarks ; 3 IEA (2020) World Energy Outlook 2020. 

Notes: The UK Government has now committed to a full phase-out of petrol and diesel cars by 2030. Electric car fleet figures here include plug-in hybrids. 

For Europe as a whole, analysis from Climate Action Tracker suggests a benchmark for EV fleets reaching 40-55%. Median figures are used for the IPCC-

SR1.5 pathways, with a wide range around these medians across the scenario ensemble. CCS is often used extensively within IPCC-SR1.5 pathways, to 

greater extents than in other global pathways (e.g. those from the IEA). Global 1.5°C pathways have ~50% probability of limiting global warming to 1.5°C 

and ‘well below 2°C’ pathways have at least 66% probability of limiting to 2°C. 

 
 

The UK’s broader carbon footprint 
 

Territorial emissions (i.e. those arising from UK sources, plus its contribution to 

international aviation and shipping) remain the right basis for the UK’s carbon 

budgets and Net Zero target. However, the UK must also reduce its consumption 

emissions (i.e. the broader impact of UK consumption including emissions 

embedded in imported goods and services), which are around 50% higher than 

our territorial emissions. If UK territorial emissions are reduced to Net Zero and UK 

trading partners reduce their emissions in line with the Paris Agreement, then we 

estimate that UK consumption emissions would be around 90% below 1990 levels in 

2050. 

 

The Committee will continue to scrutinise progress on consumption emissions 

alongside territorial emissions and advise on policies that reduce both. We will 

monitor consumption emissions against a Paris-aligned trajectory in our future 

annual Progress Reports to Parliament. UK industries should face a level playing 

field under the UK’s ambitious targets. Reducing emissions in the UK must not be at 

the expense of exporting jobs and emissions overseas. 

• A level playing field should be easier to sustain now that around 50% of the 

UK’s imported emissions are from territories due to be covered by Net Zero 

targets. Together with the UK’s target, this means Net Zero targets for mid-

century cover around 75% of UK consumption emissions. 

• Policy has a key role to play, including Exchequer support for low-carbon 

solutions in trade-exposed industries at risk of lost competitiveness, 

production standards (i.e. regulating for both UK production and imports to 

meet tightening emissions standards) and border carbon tariffs1 (for which 

work should start now by developing better metrics of carbon-intensity and 

building an international consensus on their role). These should be 

considered in new trade agreements. 

  

Our recommended budget is designed to be met by reducing UK sources of 

emissions, not by displacing them to other markets. Some of the actions involved 

(e.g. resource efficiency and more generally reduced reliance on imported fossil 

fuels) will bring additional reductions in the UK’s imported emissions. 

The UK should reduce 
consumption emissions as well 
as territorial emissions. 
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2. Why the Sixth Carbon Budget is right for the UK 
 
The economic context for the Sixth Carbon Budget 
 

When the Committee recommended the UK’s Net Zero target for 2050, we 

demonstrated that any negative economic impact was likely to be small and the 

overall impact could turn out to be positive. Our analysis of the full pathway to Net 

Zero for this report reinforces that finding. An ambitious budget is preferable to an 

unambitious one, given the range of risks and costs from unchecked climate 

change, and in some cases could even cut costs (e.g. with an earlier switch to 

electric vehicles). 

 

The economic and social context for climate action has changed in important 

ways since the UK set its Net Zero 2050 target: 

• The COVID-19 pandemic and measures taken in response to it have sharply 

changed the economic backdrop in the UK and globally. In the UK, 750,000 

payroll jobs have been lost (with millions more supported by the Jobs 

Retention Scheme), GDP has fallen (e.g. by 9% from August 2019 to August 

2020) and business investment has dropped by around a quarter despite 

record low interest rates. These effects imply considerable spare capacity in 

the economy and therefore that increasing investment could support the 

UK’s recovery.  

• The new Net Zero commitments by countries and businesses clearly 

demonstrate momentum building towards more climate action. This should 

drive down low-carbon technology costs that themselves can enable 

further commitments to action. These commitments are a demonstration 

that future markets lie with low-carbon products. Business models that are 

not compatible with a Net Zero future are increasingly risky.  

• Costs of key low-carbon technologies have continued to fall. For example, 

the contracted price for electricity generated by offshore wind fell again in 

the latest auction round by around a third compared to the previous 

auction two years earlier. These cost reductions are driven by scale 

manufacturing, investor confidence and ‘learning-by-doing’ during 

deployment within an effective low-risk policy framework. These effects can 

be replicated in other areas of the economy, as markets scale up globally 

and the costs of low-carbon technologies continue to fall. 
 

This background favours a decisive transition for the UK, quickly switching resources 

away from high-carbon activity and into low-carbon investments with lower 

operating costs than high-carbon alternatives. This is reflected in our proposed 

pathway, which transitions as rapidly as possible within constraints of stock 

turnover, supply chain capacity and time required to design effective policy.  

 

Investment and cost estimates 
 

The Balanced Pathway to deliver our recommended Sixth Carbon Budget involves 

a large sustained increase in investment, adding around £50 billion annually by 

2030 (compared to current economy-wide investment of nearly £400 billion).  

The largest increases are for low-carbon power capacity, retrofit of buildings and 

the added costs of batteries and infrastructure for electric vehicles. 

 

This required increase in investment can, and should, be delivered largely by the 

private sector. It is well within the range of historical changes in UK total investment.  

 

Costs of low-carbon 
technologies continue to fall. 

Low-carbon investment can 
support the economic 
recovery. 
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The sectoral increases have broadly been seen before, for example, in the 

transport sector as car-buyers shifted towards larger cars, in the power sector as 

renewable investment increased in the last decade, and in the housing sector as 

spending on refurbishments increased. It can be financed at low cost if policies are 

constructed to give long-term clarity to consumers and confidence to investors. 

 

We are now able to demonstrate that savings in fuel costs (Figure 3) will offset the 

investment cost in later years. As a result, our estimate of the annualised resource 

cost (which measures the net additional cost each year to deliver the same 

services with lower emissions) has fallen to less than 1% of GDP through to 2050. This 

is a reduction since our 2019 estimate for the Net Zero 2050 target, reflecting our 

more detailed modelling and the falling costs of low-carbon technologies. 

 

This added resource cost will not necessarily reduce GDP by an equivalent 

amount, particularly given the spare capacity following the pandemic. Modelling 

commissioned for this report suggests that the level of UK GDP would be around 2% 

higher than it would have been by 2035 as resources are redirected from fossil fuel 

imports to UK investment. 
 

 

Figure 3 Capital investment costs and operating  

costs savings in the balanced pathway 

 

Source: CCC analysis. 

Notes: Costs of electricity are included in the energy supply sector, whereas costs of other low-carbon fuels such as 

hydrogen and bioenergy are included in sectors that use these fuels. ‘M&C’ is manufacturing and construction. 

‘Other’ category includes aviation, shipping, land-use, land-use change and forestry, agriculture, removals, waste 

and F-gases. CAPEX refers to additional annual capital investment. OPEX refers to savings due to operational cost 

reductions. 
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By 2050, savings in operating 
costs are likely to be larger 
than investment requirements. 
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Broader impacts 
 

While costs are small overall, they could be large for particular people, sectors or 

areas. The risk of localised impacts should be a key focus for the Government.  

 

Our proposed pathway will require new jobs to be filled, as the need for other jobs 

is reduced. With the right policies in place, our proposed pathway can be 

delivered without adding further costs to energy bills and with limited impacts on 

the public finances. Significant positive impacts on health and the environment are 

expected. 

• Jobs and the Just Transition. Our pathway involves considerable 

opportunities for job creation. For example, the programme to retrofit 

buildings alone would require over 200,000 extra full-time workers in that 

sector from 2030 through to 2050.2 An important challenge for Government 

is to identify where jobs may be lost (for example in oil and gas extraction 

and refining) and to support workers to transition to being a part of the new 

low-carbon workforce (e.g. in carbon capture and storage), whether within 

companies undergoing their own transitions or beyond.  

• Energy bills. A national investment programme is needed to decarbonise 

the UK’s homes fully, at an average investment of less than £10,000 per 

home, over the next 30 years.3  This can be achieved with practical policy 

design and some Exchequer funding. The plan can be implemented 

without large increases in consumers’ energy bills, especially as the savings 

from low-cost renewables begin to be reflected in consumer bills. Indeed, 

policy can be designed to ensure that vulnerable customers benefit from 

lower energy bills, given the lower operating costs resulting from 

improvements in energy efficiency of homes and heating systems. Motorists 

stand to see significant cuts in the costs of driving as they shift to electric 

vehicles.  

• Public finances. Given a small overall economic impact, and the 

expectation for the private sector to finance most of the transition, the 

overall impact on public finances should be limited. However, the 

Government will need to find a way to replace lost revenues from road fuel 

duty and vehicle excise duties, for example by shifting to a road charging 

regime. Carbon taxes are an important part of the policy toolkit and could 

raise revenues during the Net Zero transition. The priorities we identify in this 

report for Exchequer support imply around a doubling in annual public 

funding to £9-12 billion by 2030, depending on policy choices.  

• Health and environment. There is a host of health and environmental 

benefits attached to the Net Zero transition. More walking and cycling and 

less carbon-intensive diets can improve health, as can cleaner air and 

better insulated homes (e.g. the annual cost to the NHS of poor-quality 

housing in England alone has been estimated at over £1 billion).4 

Restoration of peatlands and planting of woodlands can improve access 

to green space and, done well, can provide new income streams for 

farmers, improve the natural environment, support biodiversity and improve 

adaptation to the impacts of climate change. 
 

The required investment programme can provide a significant economic boost in 

the coming years and support the UK’s economic recovery. These benefits may 

well persist into the longer-term and could grow if new zero-carbon technologies 

continue to develop rapidly and provide spil l-overs to other sectors.  

The path to Net Zero brings 
many opportunities for job 
creation. 

Impacts on energy bills and 
the public finances can be 
managed with good policy 
design. 

The path to Net Zero has 
considerable co-benefits for 
health and the environment. 
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At worst the size of the economy would be similar to that expected without climate 

action, but with valuable co-benefits. Negative impacts can be avoided with 

effective policy, which must be decisive and provide confidence to investors. 

 

Why the budget is right for Scotland, Wales & Northern Ireland 
 

Scotland, Wales and Northern Ireland together cover a fifth of UK emissions. They 

have an integral role to play in delivering the UK’s Sixth Carbon Budget on the path 

to Net Zero. For Scotland and Wales, this will be achieved under long-term targets 

passed in Holyrood and the Senedd Cymru. Northern Ireland is considering 

introducing its own climate legislation.  

 

The challenges and solutions to tackling greenhouse gas emissions are broadly 

similar across the UK. The respective contributions made by each part of the UK will 

depend, at least in part, on the relative importance within their economies of 

particular types of emitting activity (e.g. agriculture, industry) and opportunities for 

removing CO2 from the atmosphere through natural or engineered solutions. 

 

UK climate targets cannot be met without strong policy action across Scotland, 

Wales and Northern Ireland, tailored for national, regional and local needs:  

• While some important policy levers are held in Westminster, powers are fully 

or partially devolved in most key areas, including encouraging shifts to 

walking, cycling and public transport; providing electric vehicle charging 

points; improvements to the efficiency and comfort of the building stock 

and heating in homes off the gas grid; agriculture and land use; waste; 

carbon trading; and public provision of education and training. Northern 

Ireland also has wider devolved powers over energy networks. 

• The frameworks in Wales and Scotland are ahead of the rest of the UK in 

emphasising the importance of the potential health and environment 

benefits, and the need for a just transition. Wales’ Wellbeing of Future 

Generations Act and Scotland’s Just Transition Commission will be 

important in ensuring this. 

• Even where the main policy levers are held by the UK Government, 

Scotland, Wales and Northern Ireland can take action through 

complementary measures at the devolved level (e.g. provision of 

additional incentives, public engagement, and supporting policies such as 

planning and consenting). 

 

We will shortly publish two joint reports reflecting on progress towards meeting 

Wales’s existing climate targets and giving new recommendations on the level of 

Wales’s Third Carbon Budget (2026-2030) and other emissions reduction targets 

including the 2050 target. 

 

In parallel with this advice, the Committee has written to the Scottish Government 

and the Northern Ireland Executive to give further advice on meeting and setting 

climate targets.  

 
 
 
 
 
 
 
 

Meeting the Sixth Carbon 
Budget will help Scotland, 
Wales and Northern Ireland 
meet their own ambitions. 
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3. How the Sixth Carbon Budget can be met 
 

UK territorial emissions in 2019 were 522 MtCO2e, 41% below 1990 levels.* UK GDP 

grew by over 75% over the same period. Emissions primarily result from the burning 

of fossil fuels (mostly oil and gas) to run vehicles, heat buildings, produce electricity 

and in industry and agriculture. Further emissions arise from industrial and 

agricultural processes, changes in land use, waste disposal and leakage from 

various sources. 

 

Net Zero requires a transformation across these areas. No single solution or single 

sector can meet the budget alone; action is required across all areas and all 

sectors, without delay. The 2020s are the crucial decade: with effective action 

starting now, by 2030 the UK will be firmly on track to Net Zero.  

 

A large part of meeting Net Zero is a technological and investment challenge. But 

it also requires a fundamental response from people: as consumers, workers, 

homeowners, tenants and landlords, motorists, farmers, citizens and families. 

Government should lead that response and will have most success where its 

proposals are seen to be fair and where people have been involved in developing 

the proposed solutions. The UK Climate Assembly provided useful insights on the 

priorities of a representative cross-section of the UK population. These priorities are 

reflected in this report.  

 

Scenarios for the path to Net Zero 
 

At the core of our advice for this report are multiple scenarios exploring the actions 

required in each area and every year in order to reduce UK emissions to Net Zero 

by 2050 at the latest. The detailed scenarios explore uncertainties, particularly over 

how far people will change their behaviours, how quickly technology will develop 

and the balance between options where credible alternatives exist. 

 

All the scenarios are ambitious while bounded by realistic assumptions over the 

speed at which low-carbon technologies can be developed and rolled out, 

allowing time for supply chains, markets and infrastructure to scale up. They are 

self-consistent and recognise other priorities – for example, our energy analysis 

maintains security of supply, our housing analysis considers the need for flood 

protection and to avoid over-heating, our land analysis supports the natural 

environment.  

 

Based on the insights of these scenarios, we have developed a Balanced Pathway 

as the basis for our recommended Sixth Carbon Budget and the UK’s NDC. The 

Balanced Pathway makes moderate assumptions on behavioural change and 

innovation and takes actions in the coming decade to develop multiple options 

for later roll-out (e.g. use of hydrogen and/or electrification for heavy goods 

vehicles and buildings). While it is not a prescriptive path that must be followed 

exactly, it provides a good indication of what should be done over the coming 

years. 

 

 
 
* Throughout this report our figures for UK emissions include those from international aviation and shipping (45 MtCO2e 

in 2019). We also incorporate expected changes to the UK emissions accounts to reflect higher estimates for 

emissions from peatlands and higher global warming potentials (GWP) proposed by the IPCC (and agreed at the 

UNFCCC) for non-CO2 greenhouse gases. As a result, our estimate for UK emissions in 2019 is a further 42 MtCO2e 

higher than in the UK’s official inventory. Box 2.1 in Chapter 2 sets out more details on these issues. 

People have a vital role in 
delivering Net Zero and the 
Sixth Carbon Budget. 

The Committee has used 
scenarios to identify a 
Balanced Pathway to Net 
Zero, which forms the basis of 
the Sixth Carbon Budget. 
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Reducing emissions to 2035 

Meeting the Sixth Carbon Budget requires action across four key areas in line with 

those from our Balanced Pathway (Figure 4, Table 2): 

• Reducing demand for carbon-intensive activities.

– Reduced demand. Around 10% of the emissions saving in our 
Balanced Pathway in 2035 comes from changes that reduce demand 
for carbon-intensive activity. Particularly important in our scenarios are 
an accelerated shift in diets away from meat and dairy products, 
reductions in waste, slower growth in flights and reductions in travel 
demand. While changes are needed, these can happen over time 
and overall can be positive for health and well-being.

– Improved efficiency. A further 5% comes from improving efficiency, in 
use of energy and resources, especially by better insulation of 
buildings, improving vehicle efficiency and improving efficiency in 
industry.

• Take-up of low-carbon solutions. Over half the emissions saving is from 
people and businesses adopting low-carbon solutions as high-carbon 
options are phased out (Table 3). By the early 2030s all new cars and vans 
and all boiler replacements in homes and other buildings must be low-

carbon – we expect largely electric. By 2040 all new heavy goods vehicles 
should be low-carbon. Industry must either adopt technologies that use 
electricity or hydrogen instead of fossil fuels or install carbon capture and 
storage.

• Expansion of low-carbon energy supplies.

– Low-carbon electricity. Low-carbon electricity can now be produced 
more cheaply than high-carbon electricity in the UK and globally.

– In our Balanced Pathway the low-carbon share increases from 50%

now to 100% by 2035, cutting UK emissions by 18% compared to our 
baseline. New demands from transport, buildings and industry

(moderated by improving energy efficiency) mean electricity 
demand rises 50% to 2035, doubling or even trebling by 2050. The 
largest contribution is from offshore wind, reaching the Government’s 
goal of 40 GW in 2030, on a path to 65-125 GW by 2050.

– Low-carbon hydrogen scales up to 90 TWh by 2035 (i.e. nearly a third 
of the size of the current power sector), produced using electricity or 
from natural gas or biomass with carbon capture and storage. It is 
used in areas less suited to electrification, particularly shipping and 
parts of industry, and is vital in providing flexibility to deal with 
intermittency in the power system. It may also have a material longer-

term role in buildings and other transport, such as heavy goods 
vehicles.

• Land (and removals). A transformation is needed in the UK’s land while 
supporting UK farmers. By 2035 our scenarios involve planting of 440,000 
hectares of mixed woodland to remove CO2 from the atmosphere as they 
grow, with a further 260,000 hectares of agricultural land shifting to 
bioenergy production (including short rotation forestry). This would see UK 
woodland cover growing from 13% now to 15% by 2035. Peatlands must be 
restored widely and managed sustainably. Low-carbon farming practices 
must be adopted widely, while raising farm productivity. 

The largest contribution is from 
mass take-up of low-carbon 
solutions, powered by a major 
expansion of low-carbon 
electricity and hydrogen 
supplies. 

Changes in the UK’s land use 
are also needed. 

Lower-carbon choices and 
efficiency can make a 
material contribution to 
meeting the budget. 
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Alongside the nature-based removals, by 2035 the UK should be using 

bioenergy (largely grown in the UK) with CCS to deliver engineered 

removals of CO2 at scale. 

The Balanced Pathway (Figure 5) sees the most rapid emissions reductions over 

2025-2035. Before 2025, newer markets (e.g. for electric vehicles and low-carbon 

heating) are still scaling up from low levels, so potential for large-scale roll-out and 

therefore rapid emissions reductions is more limited.  Beyond 2035 some 

opportunities have been exhausted, so progress slows down (e.g. the power sector 

reaches zero emissions by 2035).  

Figure 4 Types of abatement in the Balanced 
Net Zero Pathway

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: ‘Other low-carbon technology’ includes use of bioenergy and waste treatment measures.  

‘Producing low- carbon electricity’ requires the use of CCS in electricity generation. 

Emissions fall fastest over 2025-
2035, when all options can be 
used at large scale. 
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Table 3 

Phase-out dates of high-carbon activities under the Balanced Pathway  

Technology/behaviour Phase out date (sales) Backstop date (operation) 
New fossil-fuelled cars  
and vans 

2032 (including plug-in hybrids) 2050 

Gas boilers 

 

2033 (in residential homes) 

2030-33 (in commercial properties) 

2050 

Oil boilers  2028 (in residential homes) 

2025-26 (in commercial properties) 

2050 

Gas power generation (unabated) 2030 

(no new build of unabated gas plants) 

2035 

HGVs 2040 Beyond 2050 

Biodegradable waste sent to 

landfill 

N/A 2025 ban on all municipal & 

non-municipal 

biodegradable waste going 

to landfill 

Unabated energy-from-waste 

plants 

From today, new plants and extensions should 

be built with CCS or CCS ready 

2050 

 

 

Figure 5 Sectoral emissions under the Balanced 
Net Zero Pathway 

 

Source: CCC analysis. 

Notes: LULUCF = Land use, land-use change and forestry 

 

 

 

Different sectors decarbonise 
at different rates, reflecting the 
relative opportunities. 
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4. Recommendations for action 
 

Delivering the actions required in the 2020s to meet the Sixth Carbon Budget 

requires policies to be strengthened now. Matching strong ambition with action is 

vital for the UK’s credibility, with business and with the international community. 

Action in early years underpins the transition by developing options and driving 

learning-by-doing in key technologies. It keeps open the possibility that if faster 

progress proves possible it can be taken, in further support of the global 1.5°C goal. 

 

A vital challenge is to ensure that the transition is fair, and perceived to be fair. 

That was a key theme from the recent UK Climate Assembly, and it is clear that 

engaging and involving the public in the transition and in policy design will be vital. 

The Treasury Net Zero Review must identify fair ways to share the costs and benefits 

of the transition and the Government must develop effective plans for a just 

transition while embedding the principle of fairness throughout policy. Plans should 

recognise interactions with other transformations, such as digitalisation. Place and 

skills will be key dimensions to consider, so it is vital that UK Government policy joins 

up well with local, regional and devolved policy on the just transition. 

 

We identify priorities for every sector of the economy, building on our detailed 

recommendations in our June Progress Report.  

• Surface transport (22% of 2019 emissions).5 A comprehensive policy 

package will be needed to deliver on the Government’s new commitment 

to phase out new sales of petrol and diesel cars and vans by 2030, 

including ensuring that plug-in hybrids play no more than a niche role by 

then. A further commitment should be made to phase out sales of diesel 

heavy goods vehicles no later than 2040, supported by large-scale trials in 

the near term. Recharging and refuelling infrastructure will need to develop 

to meet the range of emerging needs. Effective demand-side policy is also 

essential – we identify significant opportunities, and advantages, to 

reducing travel demand, but this will not happen without firm policies.  

• Industry (20%). For the manufacturing, construction and fuel supply 

industries, the Government must move from the current piecemeal 

approach to a comprehensive transition support framework. Taxpayer 

funding will be key in early years to ensure industries stay internationally 

competitive while reducing emissions. The development of longer-term 

policies, such as border carbon tariffs or carbon standards, should begin 

immediately, for example through development of improved measurement 

of carbon-intensity. Policy must tackle both the demand-side and supply-

side for low-carbon products and ensure relevant infrastructure is available. 

• Buildings (17%). Government must produce a robust and ambitious Heat 

and Buildings strategy which sets the direction for the next decade, with 

clear signals on the phase-out of fossil heating, rebalancing of policy costs 

between electricity and gas, commitments to funding and delivery plans 

which include regional and local actors. Our Balanced Pathway is 

underpinned by clear timetables for standards to make all buildings energy 

efficient and ultimately low-carbon. The other priorities are rapidly to scale 

up supply chains for heat pumps and heat networks and to develop the 

option of hydrogen for heat. Proper enforcement of standards, including 

avoiding overheating risks, and an effective approach to skills are essential.  

• Electricity generation (10%). Low-risk instruments like the auctions of 

renewable contracts should continue to support the scale-up of low-

carbon generating capacity. Policy should address barriers to the major 

scale-up required, for example by supporting the coordination of 

connections from offshore windfarms into the onshore network and greatly 

Only a just transition will be 
successful. 

Policy throughout the 
economy must be clear, 
effective and fair. 
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strengthening the UK’s power grid. Following on from the 2024 coal phase-

out, gas-fired power without CCS should be phased out by 2035. Work to 

improve markets for the provision of flexibility must accelerate to 

accommodate the increasing shares of variable power. 

• Low-carbon hydrogen. The Government’s Hydrogen Strategy is due to be 

published in spring 2021. It will need to set out a vision for hydrogen’s role in 

meeting Net Zero in the longer term, together with the actions, regulations 

and incentives across end-use applications and hydrogen supply to 

develop hydrogen’s role over the next decade.  

• Agriculture (10%) and land (net source of 2%). We set out detailed 

recommendations on policy for land and agriculture in January 2020. These 

must be implemented in a way that is fair to farmers. The priorities remain: a 

strengthened regulatory baseline to ensure low-regret measures are 

adopted; incentive schemes such as auctioned contracts to drive 

afforestation; and enabling measures to address issues such as skills, supply 

chains and barriers for tenant farmers. Policy design must account for the 

challenges of the changing climate and reflect wider environmental 

priorities, including for biodiversity, to harness potential synergies and avoid 

unnecessary trade-offs. Policies are also needed to cut food waste and 

encourage a reduction in consumption of meat and dairy. 

• Aviation (7%) and shipping (3%). The UK will need strategies to reduce its 

emissions from aviation and shipping to Net Zero. It should help drive 

international processes (through ICAO and the IMO)6 to strengthen 

ambition in line with Net Zero. Policy should also provide early-stage 

development support for engineered CO2 removals, sustainable fuels and 

more efficient, including electrified, craft. Steps should be taken to limit 

aviation growth in line with our scenarios. 

• Waste (6%) and F-gases (3%). Waste policy should include a ban on 

landfilling biodegradable waste by 2025, with recycling increasing to 70% 

by 2030. More policies are needed through the chain from manufacturing 

to the consumer to reduce the amount of waste. All energy-from-waste 

plants should fit CCS by 2050. F-gas regulations already require reduction of 

some F-gas sources; plans will need to extend to all sources. 

• CO2 removal. A full strategy is needed for CO2 removal, covering both 

nature-based and engineered options. It should cover initial development 

and demonstration, governance arrangements to ensure sustainability and 

that removals are permanent, and possible routes to market development 

to support the scale-up required from the late 2020s. 

 

Net Zero and the Sixth Carbon Budget present a major coordination and delivery 

challenge. The Government must organise itself and its agencies to meet that 

challenge. The two Cabinet Committees for Climate Action – the Strategy 

Committee chaired by the Prime Minister and the Implementation Committee 

chaired by the BEIS7 Secretary of State – are an important element of that, but 

stronger governance and coordination will be needed, with delivery processes 

reaching out across all levels and localities of Government, across borders, and 

across UK businesses and people.  

 

The Committee will continue to offer its support to developing  the Government’s 

policy programme, and those of Scotland, Wales and Northern Ireland, and will 

scrutinise proposals carefully and transparently. The Committee has set out 

detailed views on the policy priorities in a separate Policy report published 

alongside this report.8 

 

Government must organise 
at all levels to meet the major 
delivery challenge of Net 
Zero. 

Aviation and shipping should 
be included in the Sixth 
Carbon Budget and must be 
tackled alongside all other 
emissions. 
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5. Next steps 
 

In the days following this advice, the Government must communicate its NDC to 

the UN. That should be a world-leading commitment, in line with the Committee’s 

advice. Ambitious goals on reducing emissions should be accompanied by a 

promise also to increase action on adaptation, which is a key theme of the Paris 

Agreement and an increasingly urgent priority given the continued changes in the 

climate that can be expected even if the Paris Agreement goals are met. 

 

The Government must then set the Sixth Carbon Budget in law by the end of June 

2021. This must be followed, as soon as is practicable, by a set of policies and 

proposals that demonstrably would meet the budget. We recommend that both 

these steps are taken without delay, in the first half of 2021. 

 

Such prompt action would demonstrate the UK’s climate credentials as President 

of COP26 and would give confidence to businesses looking to invest and make 

their own Net Zero transitions. It is necessary given the scale and speed of change 

required.  

 

We expect to report on the Government’s strategies in our next annual Progress 

Report in June 2021. 

_______________________________________________________________________________ 

 

This report represents an extensive programme of analysis, consultation and 

consideration by the Committee and its staff, building on the extensive evidence 

published last year for our Net Zero advice. This includes: our public Call for 

Evidence; 10 new research projects; three expert advisory groups on health, 

finance and policy for Net Zero; policy roundtables on heating buildings, electricity 

market design and phase-out of unabated gas, digitalisation, greenhouse gas 

removals and low-carbon industry; detailed datasets and deep dives into the roles 

of local authorities and businesses.  

 

The outputs of our work are published on our website (www.theccc.org.uk) and 

explained in the five parts (10 chapters) of this report and its accompanying Policy 

report and  Methodology report.9 

• Part 1: The path to Net Zero sets out the scenarios that underpin our advice 

and that demonstrate how the Sixth Carbon Budget can be met: overall 

(Chapter 2), sector by sector (Chapter 3) and for Scotland, Wales and 

Northern Ireland (Chapter 4). 

• Part 2: Impacts of the Sixth Carbon Budget sets out (in Chapter 5) our 

estimates of the costs, investments and potential economic impact of the 

budget, and (in Chapter 6) the need for a just transition, including 

implications for jobs, competitiveness, energy bills and the public finances. 

• Part 3: International Circumstances and Climate Science sets out how our 

recommendations represent a fair and ambitious contribution to the Paris 

Agreement, including consideration of the UK’s broader contribution to 

tackling climate change beyond UK territorial emissions, including the UK’s 

overseas consumption emissions (Chapter 7). Chapter 8 sets out the 

relevant climate science that underpins our advice. 

• Part 4: Recommendations sets out why our recommended pathway 

reduces emissions more quickly before 2035 than after 2035 (Chapter 9) 

and our full recommendations relating to the Sixth Carbon Budget (Chapter 

10). 

  

The Government should 
legislate the Sixth Carbon 
Budget and set out quantified 
plans to meet it within 6 
months. 
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Figure 6 Sixth Carbon Budget: A snapshot 
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Figure 7 Sixth Carbon Budget: Report map 
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1 Border carbon tariffs impose a carbon tax at the border on imported products based on their 

embedded emissions, or carbon footprint. By matching the border carbon tariff to domestic 

carbon taxes imposed in the UK, a level playing field can be provided. 

2  CITB (2020) Building Skills for Net Zero (draft report). 

3 See Chapter 3 of this report. 

4  Nicol S. et al. (2015), The cost of poor housing to the NHS.  
5 Quoted emissions percentages refer to those used in this report, with adjustments from the UK’s 

official inventory to reflect upcoming changes for peatland emissions and Global Warming 

Potential (GWP) estimates. They are as a proportion of a total that includes international 

aviation and shipping. For some sectors (agriculture, land use, waste, F-gases, aviation and 

shipping) the latest available estimates are used, from 2018. Energy-from-waste emissions are 

reported within the waste sector. 
6 The International Civil Aviation Organisation and the International Maritime Organisation. 

7 BEIS = The Department for Business, Energy and Industrial Strategy. 

8  CCC (2020) Policies for Net Zero and the Sixth Carbon Budget. 

9 CCC (2020) The Sixth Carbon Budget – Methodology Report. 
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Introduction and key messages 
 
The Sixth Carbon Budget sets the limit on allowed UK territorial greenhouse gas 

emissions over the period 2033 to 2037. It is our duty under the Climate Change Act 

to advise on it by the end of 2020, following which it must be legislated by the 

middle of 2021. 

 

Our advice on the Sixth Carbon Budget builds on our Net Zero advice from May 

2019, but goes much further:  

• This is the first carbon budget to be set on the path to the UK’s Net Zero 

target for 2050, which was placed in law in summer 2019. Whereas the Net 

Zero advice focused on the end point, this advice looks at the whole 

pathway and effectively provides the trajectory for emissions over the 

coming three decades on the way to Net Zero. 

• We have gone beyond the ‘proof of concept’ Further Ambition scenario 

presented in our Net Zero advice, to look at different ways of achieving Net 

Zero. We present five Net Zero scenarios, which explore how developments 

in behavioural and societal change and in technology may affect the path 

over the next three decades. 

 

This advice comes at a critical juncture – the opportunity is there for the UK to 

provide international leadership in the run up to COP26, while also driving a resilient 

recovery through the low-carbon investments that will get us on track to Net Zero. 

 

We introduce our advice in five sections: 

1. The Net Zero challenge 

2. Context – uncertain and urgent times 

3. COP26 and international leadership 

4. Our approach – using scenarios to identify a balanced path to Net Zero 

5. Requirements of the Climate Change Act 

 

  

This advice effectively sets the 
path for emissions on the way 
to Net Zero. 

We have explored five 
different ways of getting to 
Net Zero. 
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1. The Net Zero challenge 

In May 2019, the Committee recommended that the UK increase ambition under 

the Climate Change Act to require greenhouse gas emissions to reach Net Zero by 

2050. The Net Zero target requires deep reductions in all sources of emissions, with 

any remaining sources offset by removals of CO2 from the atmosphere (e.g. by 

afforestation). Net emissions, after accounting for removals, must be reduced by at 

least 100%, to zero. 

 

The Government accepted this advice and legislated in June 2019 to make Net 

Zero 2050 a legal requirement. 

 

When advising on the target, the Committee was clear that increasing ambition 

under the legislated targets had to be accompanied by a step-change in climate 

policy to get on track towards meeting Net Zero. 

• Net Zero is a different challenge from the previous 2050 target for at least 

an 80% reduction in emissions – all UK emissions must be tackled, without 

reliance on offsets from elsewhere. It is not sufficient to simply reduce 

emissions – where zero-carbon options exist these must be deployed (for 

example, in homes and in manufacturing). 

• The public need to be involved – over half the emissions reductions we 

identified to reach Net Zero actively involve people, whether by choosing 

to purchase low-carbon technologies like electric cars, or by making 

different choices, for example on their travel and diets. 

• Delivering Net Zero will involve costs and benefits, employment and fiscal 

effects, and reinvention for many businesses. It must be a central influence 

over our recovery from the COVID-19 economic crisis. Investment for Net 

Zero is a solid basis for economic renewal.  

 

We have begun to see the consultations, policies and strategies that show that the 

Government is taking the Net Zero policy challenge seriously.  

 

This advice explores a range of ways to achieve Net Zero by 2050. In advising on 

the Sixth Carbon Budget, the Committee has focused in particular on what they 

mean for the shape of the emissions trajectory and how they perform against the 

criteria set out by the Climate Change Act (see section 5). 

 

We have developed scenarios that cut emissions rapidly as demanded by the 

climate science, but also ones that provide clarity for businesses to support 

investment, that contribute to future-proofed good-quality jobs while smoothing 

the transition for current high-carbon industries, that unlock health and well-being 

benefits, and that support a positive position for the UK in the world. 

 

Our recommended ‘Balanced Net Zero Pathway’ is the basis of our advice on the 
level of the Sixth Carbon Budget. It reduces emissions by 2035 to 78% below 1990 
levels, including the UK’s share of international aviation and international shipping 
(IAS) emissions (Figure 1.1). This equates to a 63% reduction on 2019 emissions, by 

when emissions had already fallen around 40% since 1990. 

 

This Balanced Net Zero Pathway is set out in Chapters 2 and 3. It was built on 

multiple lines of evidence, and takes into account what is feasible over time and 

what is necessary to get on track to Net Zero by 2050.  

We recommend a budget 
that means a 78% reduction 
across all emissions by 2035. 

This budget means a step-
change in climate policy, 
starting now. 
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We assess it to be a fair pathway that is compatible with global efforts to limit the 

rise in global average temperature to well below 2°C and to pursue efforts to limit 

warming to 1.5°C. It would reduce per-capita emissions in the UK by 2035 to the 

global average level from the median of the IPCC’s pathways for limiting warming 

to 1.5°C with a 50% probability.  

 

The first five carbon budgets are already legislated to 2032, the end of the Fifth 

Carbon Budget period. However, this advice looks at the full path for emissions to 

Net Zero by 2050 at the latest.  

 

Figure 1.1 The recommended Sixth Carbon  

Budget 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis 

Notes: Emissions shown include emissions from international aviation and shipping (IAS) and on an AR5 basis, 

including peatlands. Adjustments for IAS emissions to carbon budgets 1-3 based on historical IAS emissions data; 

adjustments to carbon budgets 4-5 based on IAS emissions under the Balanced Net Zero Pathway. 

 

All emissions data presented in this report account for forthcoming changes to the 

UK Greenhouse Gas Inventory for Global Warming Potentials (GWPs) and for 

peatlands. These changes have not been precisely determined yet, so we assume 

changes at the higher end of the currently estimated range. All values reported 

use GWPs from the Intergovernmental Panel on Climate Change (IPCC) Fifth 

Assessment Report (AR5) with carbon-cycle feedbacks and we assume 

accounting for all peatland emissions adds around 21 MtCO2e/year to the current 

UK inventory (Box 2.1). These changes will be implemented within the next five 

years. 

 

This advice resets the path for 
emissions out to 2050. 

The new path also means a 
stronger reduction in emissions 
by 2030 than previously 
required. 
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2. Context – uncertain and urgent times 

The Climate Change Act requires the Committee to advise by the end of 2020 on 

the level of the Sixth Carbon Budget. It is crucial to set that budget now to get the 

UK on track as soon as possible towards meeting its statutory Net Zero target by 

2050 and meeting our commitments under the Paris Agreement. That is particularly 

important this year, as the UK will host the next UN climate talks (the 26th 

Conference of the Parties: COP26) in Glasgow in November 2021. 

 

Our advice on the Sixth Carbon Budget and the path to Net Zero comes at a time 

of heightened uncertainty due to the impacts of COVID-19, but with widespread 

public support for climate action and a major opportunity for low-carbon 

investment to be at the heart of the recovery and support UK leadership 

internationally: 

• The COVID-19 context. The pandemic is a public health crisis with tragic 

consequences for many. It brings uncertainty for the future, but also shows 

how rapidly things can change when necessary and highlights the role of 

investment in driving economic recovery. The period ahead is therefore an 

opportunity to make rapid progress.  

– The steps that the UK takes to rebuild from the COVID-19 pandemic 

and its economic damage can also accelerate the transition to low-

carbon activities and improve our climate resilience. Climate 

investments can support the economic recovery and secure good 

jobs for the long term, while taking advantage of low interest rates. 

– The pandemic has also demonstrated how quickly social change can 

occur, and the role of Government in driving that change. As we set 

out in this advice, social and behavioural change can make a very 

important contribution to meeting Net Zero.  

– Setting a carbon budget during the COVID-19 pandemic brings with it 

the risk that the projections we have used for the level and nature of 

economic activity in the UK are significantly out of line with the reality 

that emerges as we recover from its impacts. Due to major uncertainty 

over how the recovery will play out, our analysis has assumed no 

lasting impact to the UK’s level of economic (and potentially emitting) 

activity – this means that if anything, we understate the rate at which 

emissions could fall over the next decade and a half. 

• The Brexit context. As we establish a new trading relationship with the EU 

and leave the EU Emissions Trading System (EU ETS) and other mechanisms, 

it makes sense to move to setting and judging our carbon budgets on the 

basis of actual UK emissions in all sectors. Clarity and confidence will be 

valued, and well-designed climate policy should provide investment 

opportunities across a range of sectors (Box 1.1). Nonetheless, coherence 

with the wider trading system of the EU ETS is important. 

The policy context. Following the legislation of the Net Zero target in 2019, 

the Government has rightly been accelerating the development of 

strategy and policy. We welcome the Prime Minister’s Ten Point Plan for a 

Green Industrial Revolution. It remains urgent to align the policy framework 

with the raised ambition under Net Zero, and for a Net Zero strategy to be 

published prior to COP26. Our recommended budget requires a policy 

framework that enables investment and delivery to be ramped up with 

immediate effect. 

The context for our advice is 
one of uncertainty and 
strengthening climate action. 
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• The climate context. During 2020, we have continued to see the impacts of 

climate change that are already here, both in the UK and globally. 

Atmospheric CO2 concentrations are at record levels, and compound risks 

are building. As the UK prepares to host COP26, ambition is growing 

internationally, with a wave of Net Zero targets now being set, and 

updated Nationally Determined Contributions (NDCs) for 2030 are 

expected as we approach COP26.  

• The social context. There is widespread public support for action to tackle 

climate change, although without enough clarity so far over the steps that 

are needed to do so. The Climate Assembly has given us a valuable insight 

into the public’s preferences over how we meet Net Zero.  

 

Box 1.1 
The impact of Brexit on the UK’s climate objectives 

The UK’s departure from the European Union will hav e implications for the UK’s 

environmental and decarbonisation policy. Key implications include:  

• Leaving the EU’s Emissions Trading System (EU ETS). Current Government proposals are 

to replicate this scheme, with a smaller UK ETS, with a view to linking to the EU ETS. A 

carbon tax has also been proposed. 

• Product standards set at an EU level have been an important driver of energy 

efficiency, and emissions reductions in lights, appliances and vehicles.  

• Leaving the Common Agricultural Policy (CAP), which provides direct income support 

for farmers, as well as payments for environmental services. The UK’s replacement 
scheme, Environmental Land Management (ELM), aims to transition to rewarding 

farmers more for public goods including mitigating and adapting to climate change.  

• The Office for Environmental Protection replaces the role of the European Commission 

in enforcing environmental regulations. Once established, in 2021, its role will also 

include climate change.   

As we noted in 2016, in areas where EU mechanisms are working effectively – such as 

product standards, which reduce emissions and save consumers money, or targets for 

waste reduction - the UK should aim to replicate them at UK level. Some areas, such as 
leaving the Common Agricultural Policy, present an opportunity to better target public 

funds towards environmental goals.  

 

Source: CCC (2016) Meeting Carbon Budgets – Implications of Brexit for UK climate policy 
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3. COP26 and international leadership 

In November 2021, less than a year after the publication of this report, the UK will 

host in Glasgow the next round of UN climate talks: the 26th Conference of the 

Parties (‘COP26’). COP26 represents an important milestone in the UN process, with 

parties to the Paris Agreement expected to update and increase their 

commitments on tackling climate change.  

 

The process of increasing commitments has already begun, with several major 

economies setting new goals to reach Net Zero emissions around mid-century. 

Commitments from China, the EU, Japan and South Korea cover nearly half of 

global emissions. The further commitment expected by the US would extend 

coverage to around 60%. 

 

However, to meet the goals of the Paris Agreement, emissions must not only reach 

Net Zero, they must do so rapidly, with deep reductions to 2030. That puts a 

particular focus on the next decade and the UK’s commitments as host of COP. 

 

The UK will have to submit its ambition to 2030 in its own nationally-determined 

contribution (NDC) to the UN process, due by the end of 2020. We make 

recommendations on the UK’s NDC in this report, based on the same Balanced 

Pathway used for our recommendations on the Sixth Carbon Budget. 

 

The UK’s choices over the NDC and the Sixth Carbon Budget will affect its 

credibility as a climate leader, and will set an important context for commitments 

by other countries. To support the large increase required in global ambition, 

particularly in the period to 2030, the UK’s new commitments must be suitably 

ambitious and aligned to the goals of the Paris Agreement. 

 

We reflect that need in this report, in part by ensuring that our scenarios reflect the 

UK’s highest possible ambition, as required by Article 4 of the Paris Agreement. We 

also consider, in Chapter 7, the various other elements of the Paris Agreement 

besides the UK’s direct reductions in emissions. For example, Chapter 7 covers the 

UK’s consumption emissions, the role of climate finance and trade agreements.  

 

Delivering a positive outcome from the COP26 climate talks is key to the world’s 

efforts to tackle climate change and to protecting the UK from the worst impacts 

of climate change. It will be underpinned by a clear and rapid acceptance of the 

advice in this report, and by decisively strengthening policy to deliver our 

recommended Sixth Carbon Budget and NDC on the path to Net Zero. 

 

We recommend the UK’s 
‘NDC’ is set on the same path 
as the Sixth Carbon Budget. 

Our recommendations are 
consistent with the 
requirements of the Paris 
Agreement. 
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4. Using scenarios to identify a balanced path to Net Zero 

We have developed scenarios for this report to explore a range of ways to 

achieve Net Zero by 2050 at the latest, and used those exploratory scenarios to 
identify a ‘Balanced Pathway’ towards Net Zero that keeps in play a range of 
ways of getting there based on central assumptions. 

 

Our scenarios demonstrate that there are multiple ways to meet the Net Zero 2050 

target and many routes to our recommended Sixth Carbon Budget. While our 

Balanced Pathway is the basis for our recommended budget it is not intended to 

be prescriptive. Rather it is illustrative of what a broadly sensible path based on 

moderate assumptions would look like. A little more or a little less may be achieved 

in any area, or alternative low-carbon options could be used, but the overall level 

of ambition and delivery must match. 

 
This section sets out that approach in three parts:  

a) The value of using scenarios to set a path to Net Zero 

b) Our ‘exploratory’ scenarios to reach Net Zero 

c) A Balanced Net Zero Pathway 

 
 

a) The value of using scenarios to set a path to Net Zero 
 

A key design feature of the Climate Change Act is that legislation of the budget 
level leaves free a choice about how this is to be delivered. It is the responsibility of 
Government then to determine how the budget will be met. 

 
In our 2019 advice on setting the Net Zero target, we presented a single (‘Further 
Ambition’) scenario for 2050 (Box 1.2) – this acted as a ‘proof of concept’, 

providing confidence that Net Zero can be achieved at reasonable cost without 
relying on major breakthroughs in technologies and behaviours.  
 

In this year’s advice, we have developed three exploratory scenarios that reach 

Net Zero emissions by 2050 in quite different ways, illustrating the range of 

pathways that are currently available. We also present a further, highly optimistic, 

scenario that enables Net Zero to be achieved prior to 2050. This allows exploration 

of a range of approaches over the next three decades. 

 

We use these scenarios to guide judgements on the achievable and sensible pace 

of decarbonisation in the face of uncertainty, and to understand how less success 

in one area can be compensated for elsewhere. The scenarios are also useful for 

monitoring progress subsequently (see section 5 of Chapter 10). 

 

Box 1.2 
The Committee’s 2019 Further Ambition scenario 

In determining our 2019 advice on whether the UK could reach Net Zero emissions by 

2050, we developed a Further Ambition scenario as a snapshot of sources and sinks of 

emissions in the UK by 2050 (Figure B1.2). This scenario was specific about how 96% of the 

emissions reductions could be achieved, compared to emissions in 1990, but noted that 

multiple options were available for achieving the last 4% of emissions reductions, including 

additional engineered removals, further innovation and further behaviour change. 

  

Our scenarios explore different 
ways of getting to Net Zero. 

We go beyond our 2019 
Further Ambition scenario, 
which underpinned the Net 
Zero advice. 
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For the purposes of costing the scenario we assumed the remaining 4% of emissions 

reductions were delivered via emissions removals at £300/tCO2, making them one of the 

most expensive emissions reduction options in our scenarios.  

 

This year’s analysis includes our recommended pathway to meet the Sixth Carbon 

Budget, the ‘Balanced Pathway’. Key differences between this and last year’s Further 

Ambition scenario include:  

• Behaviour change plays a larger role our new scenarios. For example, the Balanced 

Pathway includes a 35% reduction from today’s levels of meat consumption, up from 

20% in the Further Ambition scenario.   

• Lower residual emissions in several sectors, such as aviation, manufacturing and 

construction, buildings and electricity and hydrogen production, due to more 

ambitious assumptions on technology costs and innovation.  

• Lower use of fossil fuels, particularly for power and hydrogen production. This sees gas 

demand fall by around 75% (compared to just 30% in last year’s ana lysis). This is largely 
replaced by increased offshore wind which is used to produce electricity and 

electrolytic hydrogen. 

• Higher levels of peatland restoration and tree-planting increase land use sinks. 

Overall, this means that less engineered removals are required, reducing the overall cost 

of the scenarios (see Chapter 5). 

 

Figure B1.2 Emissions in 2050 in the Further 

Ambition scenario and Balanced Pathway 

 

Source: CCC analysis based on CCC (2019) Net Zero, and the Sixth Carbon Budget. 
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b) Our exploratory scenarios to reach Net Zero 
 

Our 2019 Further Ambition scenario made relatively conservative assumptions on 

the extent of cost reductions as a result of innovation, and on societal and 

behavioural change. Making conservative assumptions was appropriate in the 

context of setting the target, as it was important to ensure a legally binding target 

could be met. But in the context of achieving Net Zero, and setting a pathway to 

match, we must consider how success can be maximised on these fronts. 

 

Greater contributions from societal/behavioural change and from innovation 

would reduce the challenges in achieving Net Zero emissions by 2050, by reducing 

emitting activities (e.g. flying, livestock farming) and making emissions reduction 

cheaper and/or easier. The Government should therefore ensure that policy 

frameworks are designed in a way that encourages both behavioural change and 

innovation to contribute strongly to decarbonisation.  

 

However, even with well-designed policies, it remains uncertain how large a 

contribution each will make. Our scenarios therefore reflect potential ranges for 

their contributions, together with the sets of choices (e.g. on HGVs and low-carbon 

heat) that are necessary in this decade. 

• Societal and behavioural change across all scenarios illustrates how 

choices by people and businesses can affect emissions. In many cases 

these align with the findings of the recent Climate Assembly (Table 1.2).  

• Innovation. The costs and efficiencies of low-carbon technologies varies in 

our scenarios, according to the latest available evidence and projections 

for these technologies.  

• Choices are also prevalent in our scenarios, where the clearest low-carbon 

option is not currently evident. For example, in some scenarios hydrogen 

takes the place of electrification in HGVs and in some home heating. 

Similarly, our scenarios also try to reflect preferences, such as a preference 

for nature-based removals over engineered removals in the Widespread 

Engagement scenario, or the use of synthetic fuels in aviation instead of 

only offsetting aviation emissions via emission removals. 

 

As a general principle, consistent with the preferences expressed in the Climate 

Assembly,1 our pathways prioritise emissions reductions where known solutions exist 

and thereby minimise the use of greenhouse gas removals. This will tend to lead to 

lower overall cumulative UK emissions and limit risks of over-reliance on being able 

to deploy removals sustainably at scale. 

 

We initially constructed three ‘exploratory’ scenarios that reach Net Zero by 2050, 

one of which is similar to Further Ambition while the other two are more optimistic 

either on developments regarding behavioural change or improvements in 

technology costs and performance (Figure 1.2). Although to some extent these 

reflect choices on the way to Net Zero, they primarily reflect greater or lesser 

degrees of success on key policy priorities on the path to Net Zero – engagement 

of the public and businesses, and innovation:  

• In the Headwinds scenario, we have assumed that policies only manage to 

bring forward societal/behavioural change and innovation at the lesser 

end of the scale, similar to levels assumed in our 2019 Further Ambition 

scenario. People change their behaviour and new technologies develop, 

but we do not see widespread behavioural shifts or innovations that 

significantly reduce the cost of green technologies ahead of our current 

projections. This scenario is more reliant on the use of large hydrogen and 

carbon capture and storage (CCS) infrastructure to achieve Net Zero 

Exploring how to meet Net 
Zero means looking at bolder 
assumptions on behaviour and 
innovation. 

When setting the Net Zero 
target, we erred on the side of 
caution. 

Our scenarios also explore 
choices around how to reach 
Net Zero. 

Our pathways use known 
solutions where they exist and 
minimise use of greenhouse 
gas removals. 
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• In the Widespread Engagement scenario, we assume higher levels of 

societal and behavioural changes. People and businesses are willing to 

make more changes to their behaviour. This reduces demand for the most 

high-carbon activities and increases the uptake of some climate mitigation 

measures. Assumptions on cost reductions are similar to Headwinds. 

• In the Widespread Innovation scenario, we assume greater success in 

reducing costs of low-carbon technologies. This allows more widespread 

electrification, a more resource- and energy-efficient economy, and more 

cost-effective technologies to remove CO2 from the atmosphere. Assumed 

societal/behavioural changes are similar to Headwinds. 

 

We then constructed the ‘Balanced Net Zero Pathway’, as a further scenario that 

reaches Net Zero by 2050. It was designed to drive progress through the 2020s, 

while creating options in a way that seeks to keep the exploratory scenarios open 

(see subsection (c) below). We also constructed a further exploratory scenario 

(‘Tailwinds’) that assumes considerable success on both innovation and societal / 

behavioural change and goes beyond the Balanced Pathway to achieve Net 

Zero before 2050. 

 

Figure 1.2 Scenario framework for the analysis 

in this report 

 

 

While these scenarios are designed to have self-consistent narratives, there is some 

potential to ‘mix and match’ strategies or compensate for under-delivery in one 

area with greater delivery elsewhere based on another scenario. Our sectoral 

analysis takes a ‘bottom-up’ approach which allows a detailed assessment of the 

options that are most relevant to each source of emissions within each sector.  

 

The methodology used for each sectoral analysis is described in the 

accompanying Methodology Report.2  

 

Our scenarios allow for both the impacts of climate change (e.g. rising global 

temperatures reduce UK heating demand) and the need to adapt to those 

impacts (e.g. we include shading and ventilation measures alongside insulation). 

This is particularly important for the buildings and land use sectors.   

Our Balanced Pathway 
navigates through the range 
of possibilities we have 
identified. 

Our analysis contains many 
paths, with various different 
shapes. 
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In the process of developing five scenarios for the UK, we have produced a total of 

70 sectoral pathways* for the UK (Figure 1.3). We have taken steps to ensure that 

each of the sectoral scenarios represents a coherent picture at the economy-wide 

level (Box 1.3), including what happens to infrastructure and operation of the 

electricity system (Table 1.1). 

 

Figure 1.3 The five economy-wide scenarios are 

constructed from 70 individual scenarios for  
action across every sector of the economy 

 

Source: CCC analysis. 

Notes: Each individual line represents the path for new abatement in a sector between 2020 (effectively zero) and 

by 2050 where all sectors reach a level of abatement that is consistent with the UK getting to Net Zero. Not all 

sectors will get to zero emissions. Abatement in the fuel supply sector is greater in the 2030s than by 2050. 

 

Box 1.3 
Developing self-consistent scenarios for each sector of the economy 

In developing the scenarios, we have made efforts to ensure they are self-consistent: 

• The residual emissions in each sector have been aggregated to obtain the level of 

total UK emissions, ensuring that the decarbonisation of energy carriers that are used 

in multiple sectors (e.g. electricity, hydrogen, bioenergy) is accounted for once and 

once only. 

• Aggregated energy demand across all sectors is a key input to our analysis of the 
production, transportation and consumption of low-carbon electricity, hydrogen, fossil 

fuels, waste and bioenergy.  

 

 
*   These sectoral pathways are disaggregated further into 280 pathways for Scotland, Wales, Northern Ireland and the 

rest of the UK. 

We have tried to ensure that 
each of the scenarios 
represents a coherent view of 
a possible future. 
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• We have considered the overall use of biomass so that it does not exceed limits that 

we judge could be sustainably sourced and available to the UK in the next 30 years. 

• We have considered the shared use of infrastructure across sectors, including specific 

areas of the gas grid and the co-location of industrial carbon capture and storage 

with hydrogen production and bioenergy with carbon capture and storage (BECCS).  

• CO2 capture requirements are aggregated across all sectors to investigate the scale 

of storage required for the UK.  

• We have drawn on findings from our extensive use of energy system models to date 

and incorporated them into this analysis.  

• Each sectoral scenario uses a shared set of assumptions about the future, including 

economic and demographic factors such as the growth rate of the economy, 

population growth and energy prices. 

 

 

 
 
*   Shown for residential users. Larger users are assumed to receive a discount on the wholesale electricity price. 

Table 1.11:Table 1.11 
Table 1.1  
Summary of key differences in the economy-wide scenarios 

 Balanced Net 
Zero Pathway 

Headwinds Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds 
 

Diet change 

35% 
reduction in 
all meat and 
dairy by 2050 

20% 

reduction in 

all meat and 

dairy by 2050 

50% reduction 

in all meat and 

dairy by 2050 

50% reduction in 

all meat and dairy 

by 2050 

50% reduction in all 

meat and dairy by 2050 

Airport 
terminal 
passengers 

365m in 2050 365m in 2050 245m in 2050 438m in 2050 245m in 2050 

Tree-
planting 
rates 

50,000 
ha/year from 
2035 

30,000 

ha/year from 

2025 

70,000 ha/year 

from 2035 

50,000 ha/year 

from 2030 

70,000 ha/year from 

2035 

Wholesale 
electricity 
cost*  

2035: 
£60/MWh  
2050: 
£50/MWh  

2035: 

£65/MWh   

2050: 

£60/MWh  

2035: 65/MWh   

2050: 

£55/MWh  

2035: £55/MWh   

2050: £40/MWh  

2035: 60/MWh   

2050: £35/MWh  

Natural gas 
grid 

Hydrogen 
grid 
conversion 
trials in 2020s. 
 
Patchwork lar
ge-scale 
conversions 
start from 
2030 near 
industrial 
clusters.  
 
Some buildin
gs in those 
areas switch 
to hydrogen.  
 
Conversion 
continues to 
2050.  
 

Hydrogen  

grid 

conversion  

trials  

In 2020s.  

 

Large-scale 

conversions 

start from 

2030 around 

industrial 

clusters and 

radiate out at 

10 km/yr.  

 

20% of homes 

on gas grid 

with 

hydrogen by 

2035.  

Gas grid not 

converted to 

hydrogen.  

 

Full 

electrification 

in buildings. 

 

Industry 

hydrogen 

sourced via 

private 

pipelines.   

Hydrogen grid conversion trials in 2020s.  

 

Large-scale conversions start from 2030 around 

industrial clusters and radiate out at 10 km/yr.   

 

Most buildings within radius convert to 

hydrogen.  

 

After 2035 no further buildings convert – 

further radial expansion beyond 2035 only 

applies to parts of grid to supply some 

industrial users.  
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c) A Balanced Net Zero Pathway 
 
The multiple scenarios we present in this advice provide an illustration of the various 

ways that we can pursue emissions reductions on a path to Net Zero. However, the 

implied flexibility on how to deliver it does not mean the near-term path is unclear.  

Many steps can be taken with confidence in the next decade and should begin 

immediately. Our ‘Balanced Net Zero Pathway’ is informed by the range of 

solutions across the ‘exploratory’ scenarios, that would put the UK on track to Net 

Zero and would meet the recommended carbon budget. This pathway: 

• Represents a sensible strategy to underpin policy on over the coming years, 

based on known technologies and behaviours, with potential to be 

adapted as we learn more about the most effective ways to cut emissions 

(see the Policy Report). 

• Takes a whole-system approach to decarbonisation, reflecting the range of 

opportunities across behaviour, efficiency, land, low-carbon energy supply 

and end-use technologies, and how these potentially interact.  

• Develops key options for decarbonisation in the 2030s and 2040s, with 

action in the 2020s, accepting that some things will not work but that it is 

necessary to try things out to find the best options and develop effective 

policies. 

• Includes some measures that are not cost-effective when considering only 

emissions reductions, where they support other objectives (e.g. some 

higher-cost improvements to energy efficiency of homes, due to benefits to 

fuel poverty, health and employment). 

• Is designed to be delivered in a way that works for people – reflects their 

priorities and choices, and aligns very well to the preferences expressed by 

the Climate Assembly,3 which was called by six Select Committees of the 

House of Commons to understand public views on how the UK should 

tackle climate change (Table 1.2). 

• Works in the real world and at the local level, providing good quality jobs, 

and benefits to health and wellbeing. 

• Allows time for societal choices to contribute and the necessary scale-up of 

supply chains, skills, business models and infrastructure during the 2020s.  

• Puts the UK on track to Net Zero, and supports the required global path for 

decarbonisation (see Chapter 7) by reflecting the highest possible ambition 

on emissions reduction as a necessary contribution the Paris Agreement. 

 

The Balanced Net Zero Pathway is plausible based on our assessment. An 

alternative strategy that delivers the same emissions reductions in different ways, 

with less in one area compensated by more elsewhere, would also meet the 

recommended budget. Our wider set of scenarios illustrate different pathways that 

could help to achieve the budget and get on track to meeting Net Zero (see 

subsection b) above). However, there is a series of actions that need to be taken 

now, irrespective of the choices that we make later, and a continuing programme 

to be fulfilled if those later choices are to remain open. More generally, the need 

to act on climate change and to reach Net Zero emissions is now widely 

recognised in businesses.  

 

Many UK businesses have set their own Net Zero goals and stand ready to transition 

to the new technologies, behaviours and business models required.  

In that context, the most positive economic strategy is to proceed with ‘highest 

possible ambition’, as required by the Paris Agreement. 

In our assessment, the 
Balanced Pathway is right for 
the climate and for the UK. 

The Balanced Pathway is 
challenging but feasible. 

Business will be key in 
delivering the Sixth Carbon 
Budget. 

1044  



Chapter 1: Introduction and key messages 50 

A bold strategy to get the UK on the path to Net Zero is required, with immediate 

action based on available solutions and active development of new ones, while 

accepting that we can’t know how every aspect of the transition will play out. But 

that need not imply locking in every aspect of the transition – there is clear benefit 

to an adaptable strategy that can be adjusted as we learn more about the most 

effective ways to cut emissions. 

 

Table 1.11:Table 1.11 

Table 1.2 
How the CCC’s scenarios compare to the recommendations of the Climate Assembly  

Sector Climate Assembly recommendations Range in CCC scenarios 
Transport • A ban on the sale of new petrol, diesel and hybrid 

cars by 2030–2035. 

• A reduction in the amount we use cars by an 

average of 2–5% per decade. 

• 2030-2035 switchover date for EVs. 

• Up to 5-11% of car-km switch to 

alternative modes of transport. 

Buildings • At least 80% of assembly members ‘strongly agreed’ 

or ‘agreed’ that each of hydrogen (83%), heat 

pumps (80%), and heat networks (80%) should be 

part of how the UK gets to net zero. 

• Supportive of energy efficiency: slight preference for 
upgrading each home all in one go (56%), 

compared to upgrading each home gradually 

(44%). 

• Scenarios are led by electrification via 

heat pumps or hybrid heat pumps. 

Hydrogen features in Headwinds 

scenario. 

• All scenarios include district heating. 

• Energy efficiency in over half of 

homes by 2035. 

Electricity 
supply 

• Members were highly supportive of wind and solar 

(80-90% in favour). 

• Only 40% of assembly members agreed that 

bioenergy should be used to produce electricity 

(even if producing negative emissions).  

• Support was lower for nuclear (34%) and fossil fuels 

with carbon capture and storage (22%).  

• Wind and solar provide 75-90% of 

electricity. 

• Some bioenergy is used to produce 

electricity, transitioning to BECCS. 

• Nuclear and power generation with 

CCS provide 10-25% of electricity. 

Aviation • Assembly members would like to see a solution to air 

travel emissions that allows people to continue to fly. 

• But not without limits, promoting an acceptable 

balance between achieving the net zero target, 

impacts on lifestyles, reliance on new technologies, 

and investment in alternatives. 

• Flying ranges between a 15% fall and 

50% increase on pre-COVID-19 levels, 

matching popular Climate Assembly 

scenarios. 

• Low-carbon fuels in all scenarios, 

providing 20-95% of fuel by 2050. 

Agriculture 
& Land 
Use 

• A change in diet to reduce meat and dairy 

consumption by between 20% and 40%. 

• Highly supportive of nature-based removals, seen as 

‘natural’ and having significant co-benefits (99% in 

favour of afforestation, 80-85% peatland restoration 

and wood in construction, but lower (60%) for 

enhancing soil carbon).  

• 20-50% reduction in all meat and dairy 

consumption by 2050. 

• High ambition on tree-planting (30-70 

kha per year) and peatland 

restoration. Enhanced soil not 

included. 

• Some focus on more biodiversity in the 

people scenario. 

Emissions 
removals 

• Members were less supportive of DACCS and BECCS 

(40%) with significant concern over the permanence 

of CO2 storage and that they are treated as a 

‘magic solution’ which doesn’t get to the crux of the 

problem (reducing emissions).  

• BECCS included at scale (45-95 

MtCO2/year by 2050) in all scenarios. 

DACCS included at 0-15 MtCO2/year.  

 

 
Source: CCC analysis based on Climate Assembly UK (2020) The path to net zero. 

Notes: The Climate Assembly did not consider emissions reductions associated with manufacturing and construction, fossil fuel supply, shipping or F-

gases.   
 

This is the best strategy we 
have now – as we do more, 
we will learn more about what 
works. 
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5.  Our approach to advice on the Sixth Carbon Budget 

This report is based on an extensive programme of analysis, consultation and 

consideration by the Committee and its staff, building on the evidence published 

last year for our Net Zero advice. That programme has addressed the requirements 

set out for the Committee in the Climate Change Act.  

 

It aims to set a platform to support the UK Government in taking confident 

decisions on the budget and the actions required to deliver it. Doing so can fulfil 

the UK’s commitments on climate change, support investment and job creation by 

businesses in the UK, deliver on priorities of UK citizens and support the UK’s positive 

place in the world. 

 

The outputs of the work, including our public Call for Evidence, several new 

research projects, three expert advisory groups, detailed datasets and deep dives 

into the roles of local authorities and businesses, are published on our website 

(www.theccc.org.uk) and explained in the four parts of this report and its 

accompanying Methodology and Policy Reports. 

 

a) The requirements of the Climate Change Act 
 

The Climate Change Act requires the Committee to provide advice on the Sixth 

Carbon Budget by the end of 2020. The Government is then required to legislate 

the carbon budget by the end of June 2021, and to produce proposals and 

policies to meet it ‘as soon as is reasonably practicable’ thereafter. 

 

The carbon budget must be set with a view to meeting the 2050 target, which is 

now set in legislation as an emissions reduction of ‘at least 100%’ (i.e. Net Zero). 

 

In recommending carbon budgets, the Committee is required by the Act to take 

into account a range of considerations. These are designed to ensure that action 

to tackle climate change contributes fully to the global effort, while supporting 

other Government objectives. Below we outline these considerations, and where 

within the report they are addressed: 

• Scientific knowledge about climate change. We set out in Chapter 8 the 

updated state of knowledge on the science of climate change, which 

remains similar to that when providing the advice on Net Zero. 

Considerations relating to cumulative emissions inform our assessment for 

the appropriate shape of the emissions path on the way to Net Zero 

(Chapter 9). 

• Technology relevant to climate change. Our scenarios, set out in Part 1 of 

the report (i.e. Chapters 2 and 3), take into account the potential roles, 

costs and interactions between the various technologies that can help to 

reduce emissions. One of these, the Balanced Net Zero Pathway provides 

the basis for our recommended level for the carbon budget.  

• Economic circumstances, and in particular the likely impact of the decision 
on the economy and the competitiveness of particular sectors of the 
economy. Quantitative and qualitative assessments of the economic 

transition through the Sixth Carbon Budget on the path to Net Zero are set 

out in Part 2 of the report (i.e. Chapters 5 and 6). Competitiveness is 

addressed both within our scenario design and specifically in Chapter 6.  

We have considered all of the 
aspects required by the 
Climate Change Act. 

The Sixth Carbon Budget can 
be the platform for a step-
change in climate action. 

1046  

http://www.theccc.org.uk/


Chapter 1: Introduction and key messages 52 

• Fiscal circumstances, and in particular the likely impact of the decision on 
taxation, public spending and public borrowing. Part 2 addresses the costs 

and investment requirements of the transition, and what choices over how 

to fund decarbonisation might mean for the Government’s fiscal position. 

• Social circumstances, and in particular the likely impact of the decision on 
fuel poverty. We consider a range of social circumstances in Part 2 of the 

advice, including fuel poverty, impact on employment and health co-

benefits. Our scenarios (Part 1) include some measures that are not cost-

effective when only considering emissions reductions, where they support 

these wider objectives. 

• Energy policy, and in particular the likely impact of the decision on energy 
supplies and the carbon and energy intensity of the economy.  By design, 

our scenarios set out in Part 1 of the report maintain security of electricity 

supply at similar levels to those required today. Chapter 2 sets out the 

impact of the recommended budget for emissions and energy 

consumption, including the reduced dependence on imported oil and gas. 

• Differences in circumstances between England, Wales, Scotland and 
Northern Ireland under our scenarios are set out in Chapter 4, as well as 

what our UK-wide pathways mean for emissions in each part of the UK. 

• Circumstances at European and international level. We consider the role of 

the UK in the global effort to tackle climate change in Chapter 7, including 

the UK’s commitments under the Paris Agreement and the benefits of UK 

leadership in the run up to COP26 in Glasgow in November 2021.  

• The estimated amount of reportable emissions from international aviation 
and international shipping for the budgetary period or periods in question. 
Emissions from these sectors under our scenarios are set out in Chapter 3, 

while considerations on how these affect the recommendation on the Sixth 

Carbon Budget are set out in Chapter 10. 
 

As well as the recommended level of the Sixth Carbon Budget, the Act also 

requires this advice to cover: 

• Whether and how emissions from international aviation and international 

shipping can be formally included in the carbon budgets;  

• The role of international emissions credits (known as ‘carbon units’ under 

the Act);  

• The opportunities for emissions reduction in particular sectors; and  

• The balance of emissions in the sectors that have been covered to-date by 

the EU ETS as against those outside. 

 

All of these matters are addressed in our recommendations in Chapter 10. 
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Supporting evidence and publications 
 

In support of the advice in this report, we have also produced  

• A Methodology Report, setting out the evidence and methodology behind 

the scenarios presented in Part 1 of this report.4 

• A Policy Report, setting out the changes to policy that could drive the 

changes necessary particularly over the 2020s.5 

• A dataset for the Sixth Carbon Budget scenarios, which sets out more 

details and data on the pathways than can be included in this report.  

 

We are also publishing a set of other documents alongside these reports (Box 1.3). 

 

In December 2019, we published a call for evidence on the Sixth Carbon Budget, 

which ran until February 2020. We received 177 responses, and published each of 

these, together with a summary document, in July 2020. We have also undertaken 

a wide range of engagement as an input to our advice (Figure 1.4 and Box 1.4).6 

 

Box 1.3  
New evidence and new CCC research 

In our work for the Sixth Carbon Budget we engaged with a range of experts to ensure 

that our analysis reflects up-to-date evidence wherever possible, building on the 

evidence we produced alongside our Net Zero report in 2019. In addition to the Call for 

Evidence (Box 1.4) new evidence and research collected for this report includes:  

• Three Expert Advisory Group reports on: the health co-benefits of the actions in our 

Sixth Carbon Budget scenarios, financing the investment required in our scenarios and 

how cross-cutting policy interventions can accelerate a transition to Net Zero.  

• Research and engagement with the UK’s business community, culminating in a series 

of briefing notes on enabling business to take a full role in Net Zero. 

• An in-depth report on how local and regional Government can deliver the UK’s Net 

Zero ambition. 

• Consultancy reports on the UK’s international climate influence, heat in buildings, 

energy efficiency in buildings, deep decarbonisation in industry, industry policy, heavy 

goods vehicles, agricultural abatement, land use modelling, low-carbon hydrogen 

and macroeconomic modelling. 

• Expert roundtable discussions on electricity market design, phase-out of unabated 

gas-fired generation, industrial decarbonisation policy, digitalisation, emissions 
removals, arable yield improvements and policy for buildings decarbonisation, 

including a published summary of the removals discussion. 

New evidence is summarised in Boxes in this report and the accompanying Policy and 

Methodology reports, with significant further detail available in the published materials on 

the Committee’s Sixth Carbon Budget webpage. 

 

 

 

 

 

 

 

 

 

 

Other outputs more fully 
present the rich analysis that 
has gone into this advice. 

Our advice has drawn on 
extensive consultation and 
stakeholder input. 
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Figure 1.4 Engagement, evidence and scrutiny 
for the Sixth Carbon Budget advice 

 

 

 

Box 1.4  
Call for evidence and wider engagement 

The Committee launched a Call for Evidence to inform its advice on the Sixth Carbon 

Budget and Welsh interim targets which ran between 5 December 2019 and 5 February 

2020. The Call for Evidence included 37 questions on five topics: 

A. Climate science and international circumstances 

B. The path to the 2050 target 

C. Delivering carbon budgets 

D. Wales, Scotland and Northern Ireland 

E. Sector-specific questions 

The Call for Evidence received 177 responses from across business and industry, NGOs, 

academia and from individuals (Figure B1.4). The Committee published a summary of 

responses to the Call for Evidence in July 2020. The summary, including a list of 

respondents and links to responses in full, is available on the Committee’s website.  

 

Several common themes emerged from the Call for evidence. In particular:  

• The importance of equity-based approaches in determining the UK’s share of 
remaining global carbon budgets, though some respondents did not feel that 

remaining cumulative global budgets were relevant, but that the UK’s long-term Net 

Zero target and cost-effectiveness should instead be the main factors taken into 

account in determining UK carbon budgets. 
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• Strengthened international commitments should be reflected in a more stringent Sixth 

Carbon Budget and nationally defined contribution (NDC) for the period out to 2030. 
This could include revisiting the level of the Fourth and Fifth Carbon Budgets, for which 

there was strong support.  

• The role of individual behaviour change is important, but Government has a role in 

guiding people to make the right choices.   

• Many respondents highlighted the need to develop a robust approach to addressing 
consumption emissions (e.g. by adopting explicit consumption emissions targets, 

technology-adjusted consumption-based accounting, border carbon adjustments) to 

avoid emissions offshoring and better reflect the UK's impact on global emissions.  

• Many respondents noted a range of cross-cutting delivery challenges, such as public 

engagement, the need for local action and a need for a Just Transition, including 

suggestions on how these can be overcome. 

• This Call for Evidence included for the first time a large number of sector-specific 
questions (20 in total). The evidence submitted in response to questions in this section 

was considered by the CCC’s sector teams and reflected in our Sixth Carbon Budget 

scenarios, as well as our advice on policy and progress in each sector. 

The Call for Evidence was an important part of the Committee’s engagement 

programme, but not the only one. We also held a large number of roundtable discussions 

and bilateral meetings, including with groups that did not respond to the Call for 

Evidence. 

 

Figure B1.4 Responses to the Call for Evidence 
by type of respondent 

 

Source: CCC analysis. 

Notes: ‘Business and industry’ includes consultancies and industry / trade bodies. ‘Other’ includes public and 

parliamentary bodies. 
 

 

Source: CCC (2020) Sixth Carbon Budget and Welsh emissions targets – Call for Evidence Summary 
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1 Climate Assembly UK (2020) The path to Net Zero 

2 CCC (2020) The Sixth Carbon Budget – Methodology Report 
3 See 1 

4 CCC (2020) The Sixth Carbon Budget – Methodology Report  

5 CCC (2020) Policies for the Sixth Carbon Budget and Net Zero 

6 CCC (2020) Sixth Carbon Budget and Welsh Emissions Targets Call for Evidence Summary.  
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The UK path to Net Zero 

 

 

1. The Balanced Pathway to Net Zero for the UK 60 

2. Alternative pathways to Net Zero by 2050 77 

3. Can the UK achieve Net Zero significantly before 2050? 87 
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Introduction and key messages 
 

The value of carbon budgets is in guiding action to reduce emissions on the path 

to the UK’s long-term Net Zero target. 

 

This chapter sets out how our recommended Sixth Carbon Budget (requiring a 78% 

reduction from 1990 to 2035, a 63% reduction relative to 2019) can be met on the 

pathway to Net Zero, based on the detailed bottom-up scenarios that the 

Committee has developed. 

 

Our key messages are:  

• The UK’s emissions fell by around 40% (365 MtCO2e) in the last three 

decades. In the next three decades, emissions must fall by 100% (522 

MtCO2e) to achieve the Net Zero goal.  

• The Balanced Net Zero Pathway – the basis for our Sixth Carbon Budget 

recommendation – represents a decisive transition to Net Zero with over 

60% of the necessary reduction to Net Zero achieved in the coming 15 

years. 

• This will require systematic changes in consumer and business behaviours, 

our energy system, carbon capture and storage and how our land is used.  

• Success is contingent on taking actions in the 2020s across every sector of 

the economy. 

• There is flexibility to meet Net Zero in different ways depending on societal 

changes and technologies. Some sectors face key decision points in the 

2020s. 

• Our Tailwinds scenario gets to Net Zero in 2042 but it is a highly optimistic 

scenario, stretching feasibility in a wide range of areas and going beyond 

the current evidence in others. 

  

Chapter 3 provides more detail sector by sector while Chapter 4 sets out pathways 

for Scotland, Wales and Northern Ireland. Costs and impacts of the scenarios are 

set out in Chapters 5 and 6. Chapter 9 explains why this is the right pace of action 

to be on track to Net Zero and meet our commitments under the Paris Agreement. 

The accompanying Policy Report sets out the policy priorities to deliver the actions 

required to meet the recommended carbon budget. 

 

This Chapter is set out in three sections: 

1. The Balanced Pathway to Net Zero for the UK 

2. Alternative pathways to Net Zero by 2050 

3. Can the UK achieve Net Zero significantly before 2050? 
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1. The Balanced Pathway to Net Zero for the UK  

This section sets out the actions the Committee has assessed as being required in 

the 2020s to get on track to Net Zero and to meet our recommended Sixth Carbon 

Budget. It is set out in five parts:  

a) The scale of the Net Zero challenge 

b) Emissions in the Balanced Net Zero Pathway 

c) Actions in the 2020s and beyond 

d) Key phase out dates 

e) Energy, carbon capture and storage, and land use requirements 

 

 

a) The scale of the Net Zero challenge 
 

The majority of emissions in 2018 – the most recent year for which there is an 

accurate estimate of emissions for all sectors – were associated with the 

combustion of fossil fuels in the ‘energy system’: electricity production, transport, 

heat in buildings, and industry (Figure 2.1). 

 

UK greenhouse gas emissions in 2019 were 522 MtCO2e.* By 2050 the UK’s net 

emissions must fall by 100% from current levels to achieve Net Zero, with any 

residual emissions offset by actions that remove CO2 from the atmosphere. 

 

Emissions have fallen by 40% in the last three decades, with the most rapid progress 

over the most recent decade:  

• In the last three decades, UK GHG emissions have fallen at an average rate 

of 13 MtCO2e per year.  

• Outside of the electricity supply sector, emissions have fallen at an average 

rate of just 7 MtCO2e per year. 

• Progress has been quicker in recent years, primarily led by the UK’s transition 

from coal-fired power generation towards low-carbon generation. Since 

2012, UK emissions have fallen on average by 19 MtCO2e per year. In the 

last five years emissions have fallen by 16 MtCO2e on average. 

 

Emissions must fall more quickly to meet the Sixth Carbon Budget (by around 

21 MtCO2e per year). However, the power sector can no longer be relied upon to 

deliver the majority of these reductions; progress must extend to all sectors of the 

economy (Figure 2.2). 

 

 

 

 

 

 

 
*   Including emissions from international aviation and shipping and accounting for upcoming changes to the inventory 

regarding peatlands and global warming potentials of greenhouse gases (Box 2.1). 

UK emissions have fallen by 
two-fifths in the last thirty years. 
Emissions must fall by 100% in 
the next thirty years.  

Action must be taken in all 
sectors of the economy, not 
just the power sector. 
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Figure 2.1 UK emissions by sector in 2018 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Provisional emissions data for 2019 is not available for all sectors and for non-CO2 emissions. 
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The UK is already meeting some of our energy and economic needs with low-

carbon technologies, but these are not yet deployed at the scale that is consistent 

with Net Zero: 

• Emissions from electricity production have fallen by 74% since 1990 – and 

65% in the last decade – as coal-fired power stations have closed, 

electricity demand has fallen, and renewable generation capacity has 

increased. Half of UK electricity generation in 2019 was from low-carbon 

sources, including renewables and nuclear. 

• In other sectors, 99% of all miles driven on UK roads are in vehicles with 

petrol and diesel engines, all commercial flights are powered by fossil fuels, 

less than 5% of the energy used for heating homes and buildings is from 

low-carbon sources, and only around 25% of industrial energy demand is 

met by electricity or hydrogen. 

 

Outside of energy use sectors, current levels of tree planting and peatland 

restoration are well below the required rate for Net Zero, emissions from agriculture 

have not fallen in the last decade, and large volumes of biodegradable waste are 

still sent to landfill. 

 

Figure 2.2 To meet Net Zero, emissions must fall 
in all sectors and at a faster rate than the last 

thirty years 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Net Zero emissions in 2050 will require any residual emissions to be offset by the UK land use sink and 

greenhouse gas removals. 

 

 

 

Some low-carbon technology 
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b) Emissions in the Balanced Net Zero Pathway 
 
Our Balanced Pathway reaches Net Zero in 2050 for all greenhouse gases (Figure 

2.3), including the UK’s share of emissions from international aviation and shipping  

(IAS), and including the higher range of anticipated changes to the UK 

greenhouse gas inventory (Box 2.1). 

 

The Balanced Pathway represents a decisive transition to Net Zero, with over 60% 

of the necessary reduction to Net Zero achieved in the coming 15 years and the 

fastest rate of decarbonisation occurring in the early 2030s. 

 

The date for Net Zero would be earlier on other measurement bases that exclude 

IAS emissions and/or are for CO2 rather than the full range of greenhouse gases* 

and/or assume the lower range of changes to the inventory (Table 2.1).  

 

Figure 2.3 The Balanced Net Zero Pathway for 
the UK 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: The fall in 2020 is largely due to COVID-19 impacts on aviation and shipping. 

 

 

 

 
*   Although all of the greenhouse gases (GHGs) contribute to warming temperatures, peak temperature change is 

determined by when emissions of long-lived GHGs reach Net Zero (assuming that short-lived GHG emissions are not 

rising). Of the long-lived GHGs, CO2 contributes most to warming and therefore the date of Net Zero CO2 is closely 

linked with when the contribution to rising temperatures ends. 

The Balanced Net Zero 
Pathway has the steepest 
transition in the period 2025 
to 2035. 60% of the total 
emissions reductions required 
for Net Zero are in the next 
fifteen years. 
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Table 2.1 
When the Balanced Net Zero Pathway reaches Net Zero emissions on different bases 

 ‘High-high’ inventory changes ‘Low-low’ inventory changes 

Including IAS, all greenhouse gases 2050 2048 

Excluding IAS, all greenhouse gases 2047 2045 

Including IAS, CO2 only 2044 2043 

Excluding IAS, CO2 only 2041 2041 

Notes: High-high’ refers to AR5 GWPs with climate-carbon feedbacks and a higher estimate of emissions from peatlands. ‘Low -low’ refers to AR5 GWPs 

without climate-carbon feedbacks and a lower estimate of emissions from peatlands. 

 

Box 2.1 
Forthcoming changes to the UK greenhouse gas inventory  

Future changes to the emissions inventory include the addition of emissions from peatland 

and revision of the Global Warming Potentials (GWPs) used to aggregate greenhouse 

gas emissions: 

• Peatland (expected to be included in the UK inventory by 2022).1 The current inventory 

only captures around 1.3 MtCO2e of emissions from peatlands, but all sources of 

peatland emissions will be included in the inventory in the near future: 

– The ‘high’ range of emissions from peatland would add around 21 MtCO2e 

to the inventory in 2018, and would also increase the 1990 baseline by 21 
MtCO2e. This is the basis upon which targets in this report are 

recommended.  

– The ‘low’ range of emissions from peatland could add around 17 MtCO2e 

to the inventory, and would also increase the 1990 baseline by 17 MtCO 2e. 

• Global Warming Potentials (expected to be updated in the UK inventory by 2024). 
These are used to aggregate different greenhouse gases together into a common 

metric, showing their equivalence to carbon dioxide. At COP24 in December 2018 the 

international community decided to standardise reporting under the Paris Agreement 
transparency framework using the GWP100 metric.2 The values to be used are those 

from the IPCC Fifth Assessment Report (AR5). There are two methodologies, and it is 

not yet clear which will be used. Both are different from the values used in the current 

emissions inventory and will lead to an increase in the estimate of UK emissions:  

– The ‘high’ estimate of GWPs include climate-carbon feedbacks. Under this 

methodology, the size of the existing inventory would increase by around 
19 MtCO2e while the 1990 baseline would increase by nearly 47 MtCO2e. 

This is almost entirely due to a 36% increase in the estimated global warming 

impact of methane (CH4) emissions. This is the basis upon which targets in 

this report are recommended. 

– The ‘low’ GWPs do not include climate-carbon feedbacks, and would lead 

to a smaller increase in the size of the UK emissions inventory. The estimate 
of the existing inventory would increase by around 5 MtCO2e while the 1990 

baseline would increase by 10 MtCO2e. Under this methodology CH4 

methane emissions have a 12% higher warming impact than the current 

estimate, while the warming impact of N2O emissions is 11% lower. 

The two changes overlap because peatlands are a source of both CH 4 and N2O 

emissions. The range for the total combined impact of the peatland and GWP changes is 

around an additional 27-70 MtCO2e in 1990 and 23-42 MtCO2e in 2019 compared to the 

current inventory. 

 

The Balanced Pathway would 
get to Net Zero slightly earlier if 
a different accounting 
methodology were used.  
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Emissions under the Balanced Pathway fall at different rates in different sectors 

(Figures 2.4 and 2.5), depending on the maturity of decarbonisation options and 

the policy framework, as well as sector-specific dynamics: 

• Emissions under the Balanced Pathway fall most rapidly in the electricity 

supply sector. Mature decarbonisation options already exist for replacing 

fossil fired generation with renewables, combined with a well-developed 

policy approach that provides long-term certainty to the sector. 

• Other sectors, including buildings and transport, build up to peak rates of 

decarbonisation during the 2030s. Markets and supply chains for low-

carbon technologies such as heat pumps and electric vehicles develop in 

the 2020s, reaching the peak replacement rate of high-carbon capital 

stock turnover in the 2030s.  

• Emissions from manufacturing and construction and fuel supply also start to 

fall faster from the late 2020s as industry switches to low-carbon production, 

enabled by electrification and new hydrogen and carbon capture and 

storage technology. 

• Emissions from agriculture and aviation do not reach zero emissions and 

need to be offset by removals from the forestry carbon sink – which grows 

steadily over time with tree planting – and greenhouse gas removals which 

are deployed at scale starting in the 2020s. 

 

Figure 2.4 Sectoral emissions under the Balanced 

Net Zero Pathway 

 

Source: CCC analysis. 

Notes: LULUCF = Land-use, land-use change and forestry. 

 

The electricity supply sector 
can decarbonise first because 
of the progress already made 
in the last ten years. Most 
sectors see the fastest rate of 
change in the 2030s. 
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Figure 2.5 Change in sectoral emissions in the  
balanced Net Zero pathway compared to  

2019 levels 

 

Source: CCC analysis. 

Notes: Aviation and shipping pathways are lower in 2020 due to COVID-19. LULUCF = Land-use, land-use change 

and forestry. 

 

c) Actions in the 2020s and beyond 
 

There are thirty years until 2050, the latest date by which the UK must reach Net 

Zero emissions. Policy is required now to meet that deadline. Technologies in the 

energy system frequently last for 15-20 years, and planning and consenting 

developments can have lead-times of five to ten years. Similarly, in order to 

maximise the role that natural carbon storage can play in contributing to Net Zero, 

investment in afforestation and peatland restoration must begin immediately to 

ensure the benefits contribute towards the Net Zero target. 

 

A key Net Zero challenge for the next ten years is to scale up investment so that 

almost all new investments and long-lived purchases are zero-carbon by the early 

2030s at the latest. Policies (many of which are under active development) to 

deliver that scale-up must be fully implemented as soon as possible to work with 

asset replacement lifetimes, with a full and credible plan for these policies outlined 

well in advance of COP26 in November 2021.  

 

Our Sixth Carbon Budget recommendation reflects that need by assuming 

progress in reducing emissions and creating options for the subsequent period 

(Table 2.2).  

 

 

The pace of transition to Net 
Zero is not uniform across 
sectors. 

The key challenge in the next 
decade is to scale up 
investment, markets and 
supply chains to enable all 
new investments to be zero-
carbon by the early 2030s. 
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All our scenarios reflect strong contributions from a set of key technologies and 

behaviours across four key areas (Figure 2.6, Table 2.3): 

• Reducing demand for carbon-intensive activities. 

– Reduced demand. Around 10% of the emissions saving in our 

Balanced Pathway in 2035 comes from changes that reduce demand 

for carbon-intensive activity. Particularly important in our scenarios are 

an accelerated shift in diets away from meat and dairy products, 

reductions in waste, slower growth in flights and reductions in travel 

demand. While changes are needed, these can happen over time 

and overall can be positive for health and well-being. 

– Improved efficiency. A further 5% comes from improving efficiency, in 

use of energy and resources, especially by better insulation of 

buildings, improving vehicle efficiency and improving efficiency in 

industry. 

• Take-up of low-carbon solutions. Over half the emissions saving is from 

people and businesses adopting low-carbon solutions as high-carbon 

options are phased out (Table 3). By the early 2030s all new cars and vans 

and all boiler replacements in homes and other buildings must be low-

carbon – we expect largely electric. By 2040 all new heavy goods vehicles 

should be low-carbon. Industry must either adopt technologies that use 

electricity or hydrogen instead of fossil fuels, or install carbon capture and 

storage. 

• Expansion of low-carbon energy supplies. 

– Low-carbon electricity. Low-carbon electricity can now be produced 

more cheaply than high-carbon electricity in the UK and globally. In 

our Balanced Pathway the low-carbon share increases from 50% now 

to 100% by 2035, cutting UK emissions by 18% compared to our 

baseline. New demands from transport, buildings and industry 

(moderated by improving energy efficiency) mean electricity 

demand rises 50% to 2035, doubling or even trebling by 2050. The 

largest contribution is from offshore wind, reaching the Government’s 

goal of 40 GW in 2030, on a path to 65-125 GW by 2050. 

– Low-carbon hydrogen production scales up to 90 TWh by 2035 (i.e. 

nearly a third of the size of the current power sector), produced using 

electricity or from natural gas or biomass with carbon capture and 

storage. It is used in areas less suited to electrification, particularly 

shipping and parts of industry, and is vital in providing flexibility to deal 

with intermittency in the power system. It may also have a material 

longer-term role in buildings and other transport, such as heavy goods 

vehicles. 

• Land and removals. A transformation is needed in the UK’s land while 

supporting UK farmers. By 2035 our scenarios involve planting of 440,000 

hectares of mixed woodland to remove CO2 from the atmosphere as they 

grow, with a further 260,000 hectares of agricultural land shifting to 

bioenergy production (including short rotation forestry). This would see UK 

woodland cover growing from 13% now to 15% by 2035. Peatlands must be 

restored widely and managed sustainably. Low-carbon farming practices 

must be adopted widely, while raising farm productivity. Alongside the 

nature-based removals, by 2035 the UK should be using bioenergy (largely 

grown in the UK) with CCS to deliver engineered removals of CO2 at scale.  

 

 

The largest contribution is from 
mass take-up of low-carbon 
solutions, powered by a major 
expansion of low-carbon 
electricity and hydrogen 
supplies. 

Changes in the UK’s land use 
are also needed. 

Lower-carbon choices and 
efficiency can make a 
material contribution to 
meeting the budget. 
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Figure 2.6 Types of abatement in the Balanced 
Net Zero pathway 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: ‘Other low-carbon technology’ includes use of bioenergy and waste treatment measures. ‘Producing low-

carbon energy’ requires the use of carbon capture and storage (CCS) in electricity generation. 
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Box 2.2 
The role of individuals in achieving the Sixth Carbon Budget 

To date, much of the success in reducing UK emissions has been invisible to the public. 

Government policy has enabled emissions reductions to proceed in a way that has not 

required mass engagement, by reducing the 'supply' of emissions into the economy. For 

example, low-carbon power now provides over 50% of the UK's electricity supply, with no 

change to the service that electricity provides. Reaching Net Zero will require more 

involvement from people in engaging with the emissions reductions required, and 

reducing or adapting demand for energy-intensive services: 

 

• Over 40% of the abatement in our scenarios to 2035 involves at least some degree of 

change from consumers (e.g. driving an electric car, or installing a heat pump instead 

of a gas boiler) (Figure B2.2). 

• Over 15% of the abatement measures in our scenarios require consumer choices – 

both to reduce demand and improve efficiency. Shifting quickly towards healthier 
diets, reducing growth in aviation demand and choosing products that last longer 

and therefore improve resource efficiency are all key. In the Widespread Engagement 

scenario this is even higher, at 19%. 

There are many reasons to think that these changes, and potentially much larger 

changes, are feasible given suitable policy leadership. Alongside this advice, we have 

published a note by Committee member Professor Nick Chater on the behavioural 

principles underpinning this view.3  

 

It will not be possible to get close to meeting a Net Zero target without engaging with 

people or by pursuing an approach that focuses only on supply-side changes. The recent 

Climate Assembly - which saw a representative sample of the UK’s population deliberate 

over how to achieve Net Zero - noted the importance of involving people in decision-

making, not just persuading them to change, as part of a national conversation on the 

options available for achieving Net Zero and how these options should be pursued. 

 

Figure B2.2 Role of societal and behavioural  
changes in the Balanced Net Zero Pathway  

(2035) 

 

Source: CCC analysis. 
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d) Key phase-out dates 
 

The dynamics of each sector, and the principle of minimising early scrappage, 

point to common timings on the phase-out of high-carbon assets on the path to 

Net Zero, regardless of what low-carbon solution replaces them (Table 2.3): 

• Boiler lifetimes of 15 years imply a phase-out date for the installation of fossil 

fuel boilers in advance of 2035, in order for uptake of low-carbon heat to 

be sufficient to decarbonise buildings by 2050. Our Balanced Pathway sees 

sales of oil boilers phased out by 2028, and gas boilers by 2033 in residential 

homes, with the exception of hydrogen-ready gas boilers in areas where 

the gas grid is set to convert to low-carbon hydrogen.  

• Sales of new fossil fuel cars, vans and motorbikes are phased out by 2032 in 

our Balanced Pathway. 

• Building on the phase-out of coal-fired power generation by 2024, no new 

unabated gas plants should be built after 2030, and the burning of 

unabated natural gas for electricity generation should be phased out 

entirely by 2035. Any gas plant built before 2030 should be made ready for 

a switch to CCS or hydrogen (i.e. this should be both technically feasible 

and the plant should be located in a part of the country that will be served 

by the necessary infrastructure).  

• Emissions from the UK’s growing fleet of energy-from-waste plants will need 

to be captured in order for energy-from-waste to be sufficiently low-carbon 

by 2050. Waste should be minimised, and any new plants should be built 

with CCS or CCS ready.  

 

Table 2.3 

Phase-out dates of high-carbon activities under the Balanced Pathway  
Technology/behaviour Phase-out date (new sales) Backstop date (operation) 
New fossil-fuelled cars  
and vans 

2032 (including plug-in hybrids) 2050 

Gas boilers 

 

2033 (in residential homes) 

2030-33 (in commercial properties) 

2050 

Oil boilers  2028 (in residential homes) 

2025-26 (in commercial properties) 

2050 

Gas power generation (unabated) 2030 (no new build of unabated gas plants 

from this date) 

2035 

HGVs 2040 (<1% of sales by 2040) Beyond 2050 

Biodegradable waste sent to 

landfill 

N/A 2025 ban on all municipal & 

non-municipal 

biodegradable waste going 

to landfill 

Unabated energy-from-waste 

plants 

From today, new plants and extensions should 

be built with CCS or CCS ready 

2050 

 

 

 

 

 

 

 

 

 

 

 

The sale and construction of 
new high-carbon assets should 
be phased out by specific 
dates to ensure that they are 
removed from the economy 
before 2050. 
 

Where possible, new 
equipment should be 
designed to allow retrofit of 
low-carbon technologies like 
CCS or hydrogen. 
 

1066  



Chapter 2: The UK path to Net Zero 72 

e) Energy, carbon capture and storage and land use requirements 
 

In our Balanced Net Zero Pathway, the economy becomes much more energy 

efficient as a whole, with total energy demand falling by around 33% in end-use 

sectors between now and 2050.  

 

The energy system moves almost entirely from the existing, high-carbon fuel 

sources to low-carbon alternatives (Figure 2.7):  

• Fossil fuels largely phased out. Demand falls significantly to 2050 for oil (-

85%) and natural gas (-70%) as the energy system makes the transition to 

Net Zero. Petroleum use is mainly restricted to the aviation sector, while 

natural gas use is limited to combustion with CCS for power generation and 

industrial processes and phased out of use in buildings. Opportunities for 

high-efficiency electrification (e.g. moving to EVs and heat pumps that are 

three times the efficiency of conventional vehicles and boilers) mean that 

demand for oil and gas falls more rapidly than the increase in electricity 

demand. 

• Low-carbon electricity becomes the dominant energy vector for the UK, 

with output increasing to more than double current levels by 2050. This 

rapid expansion in low-carbon electricity is used to transform other sectors. 

• Hydrogen. From the 2030s onwards a hydrogen economy develops from 

virtually zero use in the energy system today, to a scale that is comparable 

to existing electricity use by 2050.  

• Bioenergy and waste use is expected to grow modestly by 30% to 2050 

(Figure 2.8). Resources are increasingly diverted to the most carbon-

efficient uses, including with carbon capture and storage (BECCS) which 

uses 85% of bioenergy supplies by 2050. There may be a fall in total 

bioenergy use to 2030 if unabated uses decline before BECCS applications 

ramp up. 

 

At the same time, carbon capture and storage (CCS) is used to avoid further 

emissions from industry, alongside a role in permanent removal of CO2 from the 

atmosphere and in electricity and hydrogen production (Figure 2.9): 

• CCS is applied to the manufacturing & construction sector at scale in the 

2030s, and continues to remove CO2 at similar levels out to 2050. 

• By 2050, around 60% of the carbon captured in the UK is in the greenhouse 

gas removals sector, primarily through the combustion of biomass for 

electricity generation, with a further 20% used for the production of 

hydrogen and 10% used with gas in the power sector.  

 

The UK’s land also has a crucial role to play with shifts in land use from today 

(Figure 2.10): 

• Around one-third of agricultural land is freed up through reduced output 

and more efficient farming practices. 

• In total, 25% of the UK land area is forested or used for agro-forestry and 

energy crop production by 2050 - compared to around 15% today. 

• Harmful peat extraction is ended, and by 2050 nearly 80% of the UK’s 

peatlands are restored to their natural state. 

 

 

The Balanced Pathway sees a 
significant fall in the 
consumption of fossil fuels, 
replaced by low-carbon 
electricity, hydrogen and 
bioenergy.  

Our Balanced Pathway has 
CCS deployed at scale, 
primarily in manufacturing & 
construction, hydrogen and 
electricity production, and 
greenhouse gas removals.  

Electricity consumption would 
more than double under the 
Balanced pathway. 
 
 
 
 
 
A new hydrogen economy 
develops to a scale 
comparable to today’s 
electricity system by 2050. 
 
 
Bioenergy transitions to 
applications with CCS. 
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Figure 2.7 Energy demand (TWh) by sector in 
The Balanced Net Zero Pathway 

 

Source: CCC analysis. 
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Figure 2.8 Bioenergy and waste use in 2018, 2035 
and 2050 in the Balanced Net Zero Pathway 

 

Source: CCC analysis. 

Notes: These values are TWh/yr HHV, given the starting ‘primary’ bioenergy & waste resources (prior to conversion 

into forms for delivery to end use sectors), i.e. solid biomass, liquid biofuels, biogas and solid wastes. These values 

include the fossil fraction of waste. Supply difference in 2035 will likely mean fewer biomass imports are used than 

are available. Minor differences in 2050 due to energy from waste approximations. 

  

Bioenergy transitions from 
unabated uses in electricity, 
industrial heat, buildings and 
road vehicles, to use with CCS 
in electricity, hydrogen and 
biojet applications. Energy-
from-waste plants add CCS. 
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Figure 2.9 Total amount of CO2 captured in the 
Balanced Net Zero Pathway 

 

Source: CCC analysis. 
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Figure 2.10 Land uses in 2019 and under the 
Balanced Net Zero Pathway in 2050 

 

Source: Centre for Ecology and Hydrology (2020) and CCC analysis. 

Notes: Forestry area includes small woodland areas (less than 0.5 ha or less than 20m in width) which are assumed 

to stay at current area. These areas are not accounted for in the Forestry Commission stats of forest coverage. 
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2. Alternative pathways to Net Zero by 2050 

This section addresses the implications of different pathways to Net Zero on the 

level of the Sixth Carbon Budget. This section presents results for all of our 

exploratory scenarios, but primarily focuses on the Headwinds, Widespread 

Engagement, Widespread Innovation scenarios. The Tailwinds scenario and the 

potential to achieve Net Zero before 2050 are discussed in Section 3. This section is 

set out in four parts: 

a) Different emissions pathways for reaching Net Zero 

b) Contributions of different decarbonisation options 

c) Critical decision points 

d) The impacts of uncertainties on meeting the budget 
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a) Different emissions pathways for reaching Net Zero 
 

Our exploratory scenarios have different balances of measures to reduce emissions 

(Figure 2.6). Each scenario has its own set of measures contributing to differing 

extents with differing timings, so the resultant emissions pathways deviate 

somewhat in the transition to Net Zero (Figure 2.11), although they are relatively 

close together in the 2020s and by 2035, the middle of the Sixth Carbon Budget 

period (Figure 2.12): 

• Total emissions across the Sixth Carbon Budget period (2033-2037) in the 

Headwinds, Widespread Engagement, and Widespread Innovation 

scenarios are all broadly comparable to the level of the Balanced 

Pathway, ranging from 12% higher to 9% lower than the Balanced Pathway. 

• The Tailwinds scenario diverges the most from the Balanced Pathway 

during the budget period, with emissions 36% lower than the Balanced 

Pathway over the course of the budget period. 

 

Figure 2.11 The Balanced Net Zero Pathway 
and exploratory scenarios for the UK 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: The fall in 2020 is largely due to COVID-19 impacts on aviation and shipping. 
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Figure 2.12 Sectoral emissions in 2035 

 

Source: CCC analysis. 

 

 

Each scenario shows similar dynamics to the Balanced Pathway in terms of 

sectoral rates of reduction, albeit in some cases on the pathway to different levels 

of sectoral emissions in 2050.  

 

The level of remaining emissions in 2050 is most sensitive to activity in the aviation 

and agriculture sectors, which must then be offset by removals in the land use, 

land-use change and forestry (LULUCF) and greenhouse gas removals sectors 

(Figure 2.13):  

• In the Headwinds scenario, in which residual emissions are highest due to 

lower overall levels of behaviour change and innovation, the Net Zero 

target is most dependent on engineered removals.  

• In the Widespread Engagement scenario and Widespread Innovation 

scenarios where residual emissions from aviation, agriculture and all other 

sectors are lower than in Headwinds, a lower level of removals and forestry 

sinks are needed to achieve the Net Zero goal. 

• The Tailwinds scenario reaches net-negative emissions of more than 

−100 MtCO2e by 2050, with a high level of removals and very low residual 

emissions across the economy. We have assessed the potential for the 

actions identified in the Tailwinds scenario to reach Net Zero by 2050 with 

minimal use of CCS (Box 2.4). 

 

The emissions trajectories show 
a similar path in the next 
decades before the scenarios 
diverge in the 2030s. 
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Figure 2.13 Emissions scenarios for 2050 are most 
sensitive to the balance of action across aviation, 

agriculture, LULUCF and greenhouse gas removals 

 

Source: CCC analysis. 

 

 

b) Contributions of different decarbonisation options 
 

The ‘Balanced Net Zero Pathway’ has a relatively balanced mix of contributions 

from demand-side action, electrification, hydrogen, and natural and engineered 

greenhouse gas removals (GGRs). 

 

The exploratory scenarios deliver Net Zero with different mixes of these measures. 

To some extent, this affects the timings of their emissions reductions:  

• Headwinds. The greater reliance of the Headwinds scenario on use of 

hydrogen and carbon capture and storage (including for hydrogen 

production) means that some of the emissions reductions in this scenario 

happen less quickly than the other exploratory scenarios. 

• Widespread Engagement involves greater societal shifts in behaviour, 

including a reduction in consumption of all meat and dairy of 50% by 2050 

compared to today’s levels, a reduction in flying of 10% compared to pre-

COVID levels, and up to one third of all car journeys being replaced by 

walking, cycling or public transport. Similarly, increased resource efficiency 

and energy efficiency measures in homes are also prevalent in this 

scenario.    

 

 

The scenarios for emissions in 
2050 are most sensitive to the 
balance of action across 
aviation, agriculture, land use 
and greenhouse gas removals. 
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• Widespread Innovation sees the costs of low-carbon technologies fall 

further than other scenarios, and technology efficiencies improve. New 

technologies also play a larger role, such as Direct Air Carbon Capture and 

Storage (DACCS), high temperature heat pumps, autonomous vehicles 

and lab-grown meat. 

 

The choices within these exploratory scenarios have significant impacts on the UK 

energy system, CCS requirements and land use (Figures 2.14, 2.15, 2.16). 

  

Figure 2.14 Total amount of CO2 captured in 

2050 in the scenarios 

 

Source: CCC analysis. 

Notes: ‘Greenhouse gas removals’ is aggregation of all UK negative emissions and is not entirely separate to the 

other sectors listed. It includes the combustion of biogenic waste and biomass with CCS in other sectors. 

 

 

 

 

 

 

 

 

 

  

The Headwinds scenario is 
most dependent on the use of 
CCS, whereas the Widespread 
Engagement scenario and 
Widespread Innovation 
scenarios both use less CCS 
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Figure 2.15 Energy demand (TWh) in 2050 by  
sector in the scenarios 

 

Source: CCC analysis. 
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Figure 2.16 UK land use in 2050 

 

Source: Centre for Ecology and Hydrology (2020) and CCC analysis. 

Notes: SRF = Short Rotation Forestry. Forestry area includes small woodland areas (less than 0.5 ha or less than 20 m 

in width) which are assumed to stay at current area. These areas are not accounted for in the Forestry Commission 

stats of forest coverage. 

 

c) Critical decision points 
 

While many choices can be made now over the broad shape of the transition, 

there remain some decision points for Government in the coming decade: 

• Electrification and hydrogen for buildings. Hydrogen has the potential to 

replace fossil fuels in areas where electrification may reach limits of 

feasibility and cost-effectiveness, including a partial role for heat in 

buildings. Gas distribution networks will not be able to continue to provide 

natural gas on a widespread basis by 2050 - they will either need to be 

decommissioned or, if feasible, repurposed to hydrogen. Decisions will be 

required from the mid-2020s on the balance between electrification and 

hydrogen in decarbonising heating, and the implications for gas networks. 

• HGVs should be decarbonised, although it is not yet clear whether through 

hydrogen or electrification or a combination of the two. Given lead-times 

for infrastructure and the time needed to turn over vehicle stocks, decisions 

will be needed from the Government in the second half of the 2020s on 

how HGVs will be decarbonised, with commercial-scale trial deployments 

of technologies (including electrification and hydrogen) needed prior to 

this. Technological progress is likely to be driven globally and coordination 

will be required with connected markets in Ireland and mainland Europe.  

 

Our scenarios explore a range 
of ambition on land use, but 
each scenario involves 
transformational land-use 
change. 

In the next decade, the  
Government will need to 
make choices on the future of 
heating and HGVs in the UK. 
Until those decisions are taken 
it is prudent for the UK to keep 
options open.  
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Until those decisions are made, the UK can keep as many options open as possible 

by supporting pilot programmes and accelerating deployment of ‘low-regret’ 

options (such as heat pumps in homes off the gas grid). 

 

d) The impacts of uncertainties on meeting the budget 
 

Beyond the factors considered within the scenarios, there is a range of 

conceivable uncertainties, where our assumptions generally err on the side of 

caution (i.e. if our assumptions are wrong it would tend to make the 

recommended budget easier to meet). Uncertainties include the performance of 

the economy and forthcoming changes to the methodology for estimating 

emissions within the inventory (Figure 2.17): 

• Level of GDP. Future performance of the economy – and hence the level of 

economic activity that could cause emissions – is always uncertain to some 

degree. At the moment, the uncertainty is much greater than usual, 

relating to how the economy will recover after the COVID-19 pandemic. 

Our analysis has assumed that there is no lasting impact on GDP, an 

assumption at the optimistic end of the July scenarios from the Office for 

Budget Responsibility (OBR). This compares to the OBR’s ‘Downside’ 

scenario for a lasting 6% hit to GDP (Box 2.3). While the pattern of emissions 

impacts under such a scenario is uncertain, a uniform 6% reduction in all 

emitting activity relative to the Balanced Net Zero Pathway would lead to 

emissions being 11 MtCO2e lower in 2035, or 57 MtCO2e across the five-year 

Sixth Carbon Budget period. 

• Sustained behaviour changes post-COVID. While 2020 has seen some large 

changes in patterns of behaviour due to the COVID-19 pandemic and 

associated restrictions, it is unclear the extent to which these changes will 

endure:  

– In the Widespread Engagement scenario, we have explored the 

impacts of some sustained societal and behavioural changes (e.g. a 

sustained reduction in business aviation demand, due to greater 

familiarity with videoconferencing). This does not represent the full 

range of possible societal changes that result from the pandemic.  

– Given the lack of clear evidence on how much behaviour may 

change and for how long, in the Balanced Pathway we have 

assumed that behaviour patterns return to how they were before the 

pandemic. Sustained changes of some of the kinds seen during 2020 

(e.g. increased working from home, more walking and cycling) would 

tend to reduce overall emissions and also have positive co-impacts for 

health.  

• Changes to the UK Greenhouse Gas Inventory.  

– There will be changes to how UK emissions are estimated, owing to 

increasing the scope of the emissions inventory to count all emissions 

from wetlands and also because of changes in estimates from the 

IPCC for the global warming potentials of methane and other non-

CO2 gases (see Box 2.1). These changes are expected to be made 

before 2025 and, in each case, there is a range of possible impacts 

depending on the precise methodology chosen. We have included 

those extra emissions at the upper end of current estimates. This means 

there is a possibility that estimated emissions may end up being 

around 15 MtCO2e lower than we have assumed in our analysis. 

Should this transpire, the Sixth Carbon Budget would have an effective 

75 MtCO2e of headroom across the five-year budget period. 

Where possible, our analysis 
makes conservative 
assumptions about uncertain 
factors including economic 
growth and changes to the UK 
greenhouse gas inventory. 

Changes to how UK emissions 
are estimated can make the 
budget easier or more difficult 
to meet. Where we know of 
changes in the near future, we 
have assumed the higher 
range of possible impacts. 

Our Balanced Pathway does 
not assume lasting behavioural 
changes from the pandemic. 

The lasting impacts of the 
pandemic are unclear, but 
may cause emissions to fall 
particularly if transport 
behaviours change. 
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– Bunker fuel sales are the currently agreed basis by which countries 

report international shipping emissions to the UN. Were an alternative 

methodology agreed, this would likely lead to an increase in the UK's 

international shipping emissions (for example, the activity basis used for 

the IMO's 4th GHG study could double UK international shipping 

emissions to around 16 MtCO2e). 

– Estimates of UK emissions will continue to change in the future as 

international understanding of the science improves and the IPCC 

issues new guidance on reporting. These changes could potentially 

shift the UK inventory in either direction. 

 

Figure 2.17 Risks to achieving and opportunities 

to outperform the Balanced Net Zero Pathway in 
2035 

 

Source: CCC analysis based on BEIS (2020) Energy and Emissions Projections 2019, OBR (2020) Economic and Fiscal 

Out look – March 2020.  

Notes: Emissions impact of COVID-19 based on a 6% reduction in emissions in 2035. Unknown future inventory 

changes include further changes to global warming potentials and other IPCC guidance that reflects future 

scientific understanding of climate science. We previously estimated the uncertainty in the UK inventory as +3%. 

M&C = manufacturing & construction. BECCS = bioenergy with carbon capture and storage. 

 

If the more back-ended Headwinds scenario is followed in some sectors, or there 

are relatively short delays in decarbonising some sectors, this can potentially be 

compensated for by faster reductions in other sectors (e.g. more behaviour 

change and/or innovation in the other exploratory scenarios).  

It would also be possible to import more sustainable bioenergy on a temporary 

basis (since our Balanced Pathway does not use all available sustainable supply in 

2035), to bring earlier deployment of BECCS, before transitioning to UK-grown 

feedstocks later on. 
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We have attempted to quantify the impacts of some known uncertainties, but 

there is clearly a range of unforeseen future outcomes that cannot currently be 

quantified, whether wider mega-trends (e.g. digitalisation, AI, robotics), large-scale 

disasters (e.g. another pandemic or climate-related catastrophes) or unforeseen 

breakthroughs in reducing emissions. 

 

Overall, these uncertainties point towards emissions being potentially lower than 

we have estimated for a given set of policy actions. While the set of actions within 

the Balanced Net Zero Pathway is very stretching, the level of the Sixth Carbon 

Budget that we are recommending could therefore potentially be met even with 

some limited delays in delivery. 

 

Box 2.3 
OBR medium-term scenarios published in July 2020 

In July 2020, the Office for Budget Responsibility (OBR) published three exploratory 

scenarios for the UK economy and public finances over the medium term.  

 

• The OBR Central scenario assumes some economic scarring resulting in a 3% reduction 

in GDP by 2025 compared to the pre-pandemic forecast. 

• The range of the lasting economic impact of the pandemic in the OBR scenarios is 

zero to 6% lower GDP in 2025.  

The assumption in our analysis is most comparable to the V-shaped recovery shown in the 

‘Upside’ scenario, under which GDP returns quickly to the level projected in March 2020. 

 

The ‘Downside’ scenario, under which GDP in 2025 is 6% below the level consistent with 

our analysis, would allow considerable headroom in the budget where economic activity 

is still coupled to greenhouse gas emissions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: OBR (2020) Fiscal sustainability report July 2020 

 

 

The conservative assumptions 
we have made about 
uncertain factors make it more 
likely that headroom develops 
within the budget rather than 
the budget becoming more 
difficult to achieve. 
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3. Can the UK achieve Net Zero significantly before 2050? 

As well as using our exploratory scenarios to explore a range of ways to achieve 

Net Zero by around 2050, we also combined the more optimistic assumptions on 

societal/behavioural change and on innovation to produce the ‘Tailwinds’ 

scenario, which aims to achieve Net Zero as early as possible.  

 

Tailwinds is a highly optimistic scenario, stretching feasibility in a wide range of 

areas and going beyond the current evidence in others. Even then, this scenario 

only reaches Net Zero in 2042, with a reduction of 87% by 2035 (Figure 2.18).  

 

We consider it unlikely that the Tailwinds scenario could be delivered across the 

board.  

 

It requires that policy works first time, with full effect and in all cases to drive cost 

reductions and changes to behaviour, and that a range of uncertain technologies 

turn out at the better end of the range of expectations. These include: 

• Diet change. A 50% reduction in meat and dairy consumption – which is at 

the highest range of our modelled scenarios – and a corresponding 

reduction in emissions from agriculture while releasing additional land for 

carbon sequestration.  

• Aviation demand and efficiency. A 15% reduction on 2018 passenger levels 

as well as rapid improvements in efficiency and widespread use of biofuel 

and carbon-neutral synthetic jet fuel by 2050.  

• Very low-cost renewable electricity. A further halving of the costs of 

offshore wind and other renewables to £23/MWh by 2050. 

• Major improvements to energy- and resource-efficiency across all sectors: 

– The fastest uptake of energy efficiency measures in buildings to the full 

economic potential, in combination with higher efficiency heat 

pumps. 

– All HGVs adopt efficiency measures (compared to an 80% uptake in 

the Balanced Pathway). 

• Rapid uptake of new technologies including a 2030 switchover date for 

electric vehicles; widespread acceptance of heat pumps in buildings, with 

innovative solutions for less-suited homes; production and public 

acceptance of lab-grown meat. 

• Energy networks and industrial clusters. Rapid roll-out of CCS and hydrogen 

infrastructure at industrial sites, as well as upgrade of electricity grids to 

cope with widespread electrification. 

• Land use. Very high rates of tree-planting (70,000 hectares per year) and 

other land-based measures by 2050. 

• Engineered removals. The Tailwinds scenario contains the highest level of 

engineered removals in any of our scenarios. Bioenergy with carbon 

capture and storage scales up more quickly, a large increase in sustainable 

biomass imports is assumed, and DACCS is available at commercial scale 

of 15 MtCO2/year by 2050. 

 

The Tailwinds scenario is highly 
optimistic and requires 
everything to go right first time. 
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While Tailwinds outperforms our Balanced Pathway in almost every sector 

(Figure 2.18), it still follows broadly similar dynamics – it is still necessary to scale up 

markets, supply chains and infrastructure and then replace the stock of high-

carbon assets as they come to the ends of their lives. 

 

This reflects genuine limits to what can feasibly be achieved sustainably, while 

minimising the risks associated with going too fast (see Chapter 9, section 4). 

 

The Tailwinds scenario represents the furthest that even a highly optimistic set of 

assumptions can go, without resorting to widespread early scrappage or imposing 

strict limits on individual behaviours. 

 

Figure 2.18 Comparison of sectoral emissions in 
2035 and 2050 for the Balanced Net Zero Pathway 

and Tailwinds scenario 

 

Source: CCC analysis. 

Notes: LULUCF = land use, land-use change and forestry 

 

While faster emissions reductions could conceivably be achieved by including 

such things, they would be inconsistent with the conclusions of the Climate 

Assembly (see Table 1.1 in Chapter 1) and would risk undermining public support 

for the transition to Net Zero.  

 

The technical feasibility of some of the technological and behavioural 

developments assumed in the Tailwinds scenario is uncertain, even with good 

policy in place. The scenario raises the question of whether Net Zero could be 

achieved before 2050, to which we do not yet have a clear answer.  

 

There are genuine limits to the 
pace of change that is 
possible. 

The Tailwinds scenario shows a 
possible scenario for getting to 
Net Zero before 2050, but this is 
highly uncertain. 
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Given these considerations, we continue to recommend Net Zero by 2050 at the 

latest as the appropriate goal for the UK. Should it become evident later in the 

2020s that we are in a position to be able to take a path closer to that outlined in 

Tailwinds, it may be appropriate to revisit the date of Net Zero. This would require 

most or all of the following: 

• Progress in deployment. It is critical that progress is made in the first half of 

the 2020s on reducing emissions across a wide range of areas, in line with – 

or ideally ahead of – our Balanced Net Zero Pathway. 

• Behaviours. Policies for the 2020s must be designed to encourage the sorts 

of societal and behaviour changes that would reduce emissions while also 

providing co-benefits in some cases (e.g. to health). These include reduced 

demand for flying and healthier diets that contain significantly less meat 

and dairy, as well as uptake of unfamiliar technologies such as heat pumps. 

Should it turn out that people are willing to embrace these changes, faster 

progress may be possible to reduce emissions.  

• Learning by doing. Should the major cost reductions seen in the last 

decade for solar, wind and batteries be repeated in those or other areas 

over the next decade (e.g. in electrolysis, greenhouse gas removals, plus 

further reductions in costs of zero-carbon electricity), emissions could fall 

more quickly. Such cost reductions will require learning-by-doing through 

deployment in the 2020s, supported where necessary by appropriate 

infrastructure (e.g. CO2 infrastructure for greenhouse gas removals). 

• Strategic decisions. The Government will need to make decisions on how 

we will decarbonise heating and the future of gas networks in the mid-

2020s, and on heavy goods vehicles (HGVs) shortly thereafter, even under 

the Balanced Pathway. There is no scope for this to slip, especially if 

accelerated progress is intended. 

• Breakthroughs. There is also potential scope for more speculative 

breakthroughs that are not even included in the Tailwinds scenarios (e.g. 

cheap and effective feed additives to reduce agricultural methane 

emissions). 

• New scientific evidence – for example on the relative warming potential of 

methane or the rate at which UK peatlands emit greenhouse gases – could 

affect the date at which Net Zero could be achieved. 

Until then the priority must be to put in place strong policies to drive changes 

across the board and react to new developments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Net Zero in 2050 remains the 
right target for the UK. 
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Box 2.4 
Is it possible to reach Net Zero by 2050 with zero CCS? 

All of the pathways explored in our Sixth Carbon Budget advice see the use of carbon 

capture and storage (CCS) as a critical and cost-effective means of meeting the UK’s 

2050 Net Zero target.  

 

This exploratory ‘what-if’ sensitivity analysis takes a snapshot of emissions in the Tailwinds 

scenario in 2050 only, and illustrates what could happen if the use of CCS  was minimised 

across the economy. This sensitivity was not costed or explored prior to 2050, and so is not 

a recommended pathway – particularly as exclusion of CCS is likely to significantly 

increase cumulative emissions over the period to 2050. 

 

 

Figure B2.4 The Tailwinds scenario in 2050 with 
minimal CCS 

 

Source: CCC analysis. 

Notes: Right-hand stack has no use of CCS or Direct Air Capture in any sectors, except for 10 MtCO2/yr of CCS 

across energy from waste plants and some parts of refining and manufacturing. Also uses 60 TWh/yr of biomass 

freed up for biofuels production, and 50 TWh/yr of hydrogen freed up to displace / avoid fossil gas use.  

The Tailwinds scenario, which reaches Net Zero by 2042 in our analysis, is the most 

ambitious scenario on all fronts. The sensitivity in Figure B.2.4 illustrates that it is possible to 

reach Net Zero by adjusting the Tailwinds scenario to limit CCS. However, the minimisation 

of CCS results in Net Zero being achieved around eight years later, in 2050, with no 

potential left to go faster in one sector if another sector under-delivers. This sensitivity has 

particularly acute impacts on the overall level of GHG removals that can be achieved, as 

well as impacts on energy supply, waste and energy-intensive industry: 

 
• CCS-based removals would no longer be possible. Only natural removals (i.e. tree & 

energy crop planting and peatland restoration) and wood in construction can offset 

remaining residual emissions in 2050.  
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• The best use of bioenergy would change. Given that bioenergy cannot be used with 

CCS, bioenergy will achieve lower GHG savings. However, 60 TWh/year of biomass 
would now be available that would otherwise have been used to fuel CO 2 capture 

equipment on CCS plant. This biomass could instead be converted into biofuels, 

eliminating residual petroleum emissions in aviation and other parts of the economy. 

• Gas-based power and hydrogen production, without CCS, would no longer be 
consistent with Net Zero. However, most of the hydrogen in the Tailwinds scenario is 

produced via renewable electricity, so this could be manageable under th is scenario. 
Additionally, excluding Direct Air Capture frees up 50 TWh/year of low -carbon 

hydrogen, displacing fossil gas use in power and avoiding the use of fossil gas in 

hydrogen production. 

• Parts of manufacturing and refining, and energy from waste plants, would still need to 
use CCS in order to decarbonise, as no other viable low-carbon alternatives are 

available. This would require 10 MtCO2/year to be captured and stored by 2050.  

Furthermore, the reliance only on natural removals to offset remaining positive emissions 

(e.g. in agriculture) means that staying at Net Zero after 2050 would require ever-

increasing natural carbon stocks (e.g. in forests and peatlands), requiring a slow ly but 

ever-increasing area of the UK to be devoted to sequestration. 

 

Overall, this supports our message that CCS is essential to achieving Net Zero, at lowest 

cost, in the UK. The importance of CCS globally further underscores the urgency of 

progressing CCS plans in the UK. 

 

CCS is essential to achieving 
Net Zero. A sensitivity analysis 
shows that getting to Net Zero 
with minimal use of CCS would 
be even more stretching than 
the highly uncertain Tailwinds 
scenario.  
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Sector pathways to Net Zero 

 

 

1. Surface transport 96 

2. Buildings 109 

3. Manufacturing and construction 125 

4. Electricity generation 134 

5. Fuel supply 148 

6. Agriculture and land use, land-use change and forestry 163 

7. Aviation 176 

8. Shipping 182 

9. Waste 187 

10. F-gases 194 

11. Greenhouse gas removals 197 
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Introduction and key messages 
 

Achieving the Net Zero target requires all sectors of the economy to contribute, 

including international aviation and shipping. This chapter presents the scenarios 

shown in Chapter 2 at a sectoral level and discusses the different options that are 

available within each sector on the transition to Net Zero.  

 

We also discuss the impacts of the choices made in each sector on investment 

requirements, cost savings and the wider co-impacts on society. The economy-

wide impacts, costs and benefits of each scenario are then assessed in more detail 

in Chapter 5 of this report.  

 

Policy recommendations, and additional detail behind the analysis for each sector 

is provided in the accompanying Policy and Methodology Reports.  

 

Key messages 

Our key messages in this Chapter are: 

• Delivering Net Zero GHGs by 2050 will require all sectors to contribute.  

• Each area of the economy must make substantial changes in the next 
decade to get on the path to Net Zero emissions for the whole of the UK. 
The transition must not be delayed. 

• All sectors have multiple options to achieve a level of emissions reduction 

that is consistent with Net Zero by 2050. 

• Most sectors can achieve near-zero greenhouse gas emissions by 2050 in 
different ways. For many sectors, the shape of the overall emissions 

trajectory that is required is similar even where very different options are 

deployed (for example the relative uptake of electrification compared to 

the use of low-carbon hydrogen in manufacturing). 

• The scenarios for the agriculture, land use, aviation and greenhouse gas 
removals sectors have the most variation in emissions by 2050. The choices 

made in these sectors have greatest impact on the UK’s residual 

greenhouse gas emissions in 2050 and the scale and type of negative 

emissions that are required to offset them. 

• Different sector pathways bring different costs, benefits and impacts. The 

choices made in each sector have wide-ranging impacts, including costs, 

cost savings and co-impacts on society. Policymakers should look to 

maximise the positive co-impacts of decarbonising each sector.  
 

The analysis underpinning our key messages is set out for each of the following 

sectors in this chapter: 

 

1. Surface transport 

2. Buildings 

3. Manufacturing & construction 

4. Electricity generation 

5. Fuel supply 

6. Agriculture and land use, land-use change and forestry (LULUCF) 

7. Aviation 

8. Shipping 

9. Waste  

10. F-gases  

11. Greenhouse gas removals 
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1. Surface transport 

Introduction and key messages 
 
Surface transport GHG emissions were 113 MtCO2e in 2019, comprising 22% of total 

UK GHG emissions. This could fall to 32 MtCO2e by 2035 in our Balanced Net Zero 

Pathway. Delivering this transition will require take-up of low-carbon technologies, 

low-carbon fuels and efficiency improvements for petrol and diesel vehicles and 

behaviour change to reduce travel demand and shift journeys onto lower-carbon 

modes of transport. 

 

Achieving this reduction will require significant investment in technology and 

infrastructure but these will be more than offset by savings in operational 

expenditure, delivering an estimated net benefit to consumers of £8 billion per year 

in 2035. 

 

Our assessment is based on detailed modelling, literature review and stakeholder 

engagement. We commissioned Element Energy to assess trajectories for uptake of 

zero-carbon options for HGVs.  

 

The rest of this section is set out in three parts:  

a) The Balanced Net Zero Pathway for surface transport 

b) Alternative routes to delivering abatement in the mid-2030s  

c) Impacts of the scenarios: costs, benefits and co-impacts on society 

 

 

a) The Balanced Net Zero Pathway for surface transport 
 

In our Balanced Pathway, options to reduce emissions, including take-up of zero-

emission technologies and reduction in travel demand, combine to reduce 

surface transport emissions by around 70% to 32 MtCO2e by 2035 and to 

approximately 1 MtCO2e by 2050 (Figure 3.1.a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surface transport is currently 
the UK’s highest emitting 
sector. 
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Figure 3.1.a Sources of abatement in the  
Balanced Net Zero Pathway for the surface  

Transport sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

 

 

The Balanced Pathway covers low-cost, low-regret options as well as more 

challenging and/or more expensive measures needed to meet Net Zero (Table 

3.1.a). The key elements of this are: 

• Reduction in car travel. Our demand scenarios are based on modelling by 

the UK Centre for Research into Energy Demand Solutions (CREDS), along 

with other literature and evidence across UK cities and in other countries. 

Compared to baseline growth, we assume that approximately 9% of car 

miles can be reduced (e.g. through increased home-working) or shifted to 

lower-carbon modes (such as walking, cycling and public transport) by 

2035, increasing to 17% by 2050. The opportunities presented to lock-in 

positive behaviours seen during the COVID-19 pandemic and societal and 

technological changes to reduce demand (e.g. shared mobility and focus 

on broadband rather than road-building) are key enablers. 

• Cars and vans. A high take-up of electric vehicles (EVs), resulting in the end 

of sales of new conventional cars, vans and plug-in hybrids (PHEVs) by 2032 

at the latest. From 2030, regulatory approval to drive fossil fuel cars, vans 

and motorbikes should be limited to 2050 so that remaining fossil fuel 

vehicles are removed from the fleet at that point. High take-up of EVs will 

require significant roll-out of charge points: 

 

Factors such as increased 
home-working and greater use 
of active modes of transport 
could reduce UK demand for 
car travel. 

Sales of new petrol and diesel 
cars and vans, including plug-
in hybrids, should end by 2032 
at the latest. 

1092  



Chapter 3: Sector pathways to Net Zero 98 

– The number of battery-electric vehicles (BEVs) will need to scale up 

rapidly in the 2020s from 5% of new sales today, reaching 100% by 2032 

at the latest. By 2035, we estimate that there could be around 28 

million EVs on the road*, comprising 25 million BEVs and 3 million PHEVs. 

– Analysis shows that BEVs have considerably lower lifecycle emissions 

than petrol and diesel cars, but that PHEVs are only marginally better 

(see the Methodology Report). 

– Charge points for electric vehicles will also need to be scaled up 

rapidly in the 2020s to support the phase-out of new petrol and diesel 

cars and vans by the early 2030s. These will comprise a mix of private 

chargers at homes and workplaces and public on-street charge points 

for those without off-street parking, around towns and cities for top-up 

charging and on the strategic road network for longer-distance inter-

urban charging. The most cost-effective mix is expected to focus 

primarily on 22kW, 50kW, 150kW and 350kW chargers (Figure 3.1.b). 

 

Figure 3.1.b Total electric cars on the road and 

supporting charging infrastructure in the  
Balanced Net Zero Pathway 

 

Source: CCC analysis. 2020 figures based on DfT, OLEV, SMMT and Zap-Map statistics. 

Notes: Includes all small, medium and large cars and all publicly accessible charge points in the Balanced Net Zero 

Pathway. 

 

 

 
*   This is based on car ownership forecasts from the Department of Transport’s National Transport Model, which 

anticipate growth in line with population and GDP. If rates of car ownership fall, then the total number of electric 

cars could be lower. 

By 2035, there could be 25 
million fully electric cars on UK 
roads. 

Significant public charging 
infrastructure needs to be 
rolled out during the 2020s and 
2030s, including on-street 
charging for those without 
private car-parking and inter-
urban infrastructure for 
charging during long journeys. 
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• Heavy goods vehicles. There is currently considerable uncertainty over the 

most cost-effective and feasible decarbonisation option for heavy goods 

vehicles (HGVs), and Government will need to fund large-scale trials of 

different technologies to gain a better understanding of options and for the 

market to develop. We commissioned Element Energy to assess trajectories 

and costs for the roll-out of zero-emission HGVs to 2050.1 Based on this 

evidence, our Balanced Pathway assumes that the roll-out of zero-emission 

HGVs accelerates to reach nearly 100% of sales by 2040. Decisions on the 

UK approach to HGVs must also integrate with the decarbonisation 

strategies in mainland Europe. The scenario will require: 

– Zero-emission vehicles (ZEVs) to make up 96% of new sales of HGVs, 

buses and coaches by 2035 and almost 100% by 2040. 

– There to be around 170,000 zero-emission HGVs and coaches 

(approximately 33% of the fleet) in operation by 2035, rising to 67% of 

the fleet by 2040. 

– Public infrastructure to support this, which is likely to require over 300 

ultra-rapid public charge points and 100 hydrogen refuelling stations 

by 2035, increasing to around 650 and 250 respectively by 2040. These 

are in addition to depot charge points and refuelling facilities. 

 

Emissions reductions in the Balanced Pathway are also delivered through improved 

efficiency of conventional vehicles, logistics improvements and decarbonisation of 

the rail network: 

• Efficiency improvements. New petrol and diesel cars, vans and HGVs 

continue to be fitted with cost-effective technologies and design 

improvements to improve fuel efficiency, leading to reductions in CO2 

intensity of 12% (cars and vans) and 21% (HGVs) for new models by 2030. 

Biofuels are used in surface transport, with E10 petrol introduced from 2021. 

Biofuels are phased out from cars and vans by 2040 and in HGVs by 2050 as 

they are best used in other sectors. 

• Shifts in van usage. Van travel is the fastest growing sector, with total van 

miles increasing by 70% since 2000.2 Around a quarter of this can be 

explained by the growth in internet sales and the associated parcel 

delivery sector. We assume that 3% of van miles can be reduced by 2035 

through measures such as last-mile deliveries by portering/e-cargo bikes, 

micro-consolidation centres in urban areas, reduction in delivery failures, 

use of experienced driver and routing technologies and encouragement of 

‘green’ delivery choices. 

• HGV logistics. There is potential for HGV logistics measures to reduce miles 

driven by lorries, through measures such as expanded use of consolidation 

centres, extended delivery windows, higher loading and reduced empty-

running. Our Balanced Pathway, drawn from a study by the Centre for 

Sustainable Road Freight3, assumes a reduction in total HGV miles of 

around 10% by 2035 through these measures. 

• Buses. Take-up of low-carbon buses and infrastructure is already occurring 

across the UK. The Confederation of Passenger Transport (the trade body 

for bus and coach operators) has set a target for all new buses to be ultra-

low or zero-emission by 2025. Our Balanced Pathway assumes that all sales 

of new buses are zero-carbon (largely hydrogen or BEV) by 2035. 

 

Decarbonisation options for 
heavy-goods vehicles include 
battery-electric trucks, 
hydrogen fuel-cell trucks, and 
overhead catenary systems.  

Greater use of consolidation, 
changes to supply chains and 
innovations such as e-cargo 
bikes could lower the adverse 
impacts of road freight. 
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• Rail. Government has set an ambition to phase out diesel trains by 2040, 

while the Rail Industry Decarbonisation Taskforce (supported by the Rail 

Safety and Standards Board) published pathways to decarbonise rail in 

2019. Our Balanced Pathway assumes the Government ambition is 

achieved for passenger rail, with almost half of the network electrified 

where this is cost-effective and a mix of hydrogen, battery-electric and 

electric hybrid trains replacing existing diesel trains where it is not. Several 

key freight corridors are also electrified. These measures combine to reduce 

emissions from rail by around 55% by 2035. 

 

Table 3.1.a 
Summary of key assumptions used for the Balanced Net Zero Pathway in 2035 

 Balanced Net Zero Pathway – assumptions in 2035 

Behaviour change 
and demand 
reduction 

• Total car miles fall by 9% by 2035 relative to the baseline. This is driven by modal shift from 

cars to walking, cycling (including e-bikes) or public transport, an increase in average 

car occupancy and a reduction in travel from factors such as increased working from 

home. 

• For vans, demand is reduced by 3% through measures such as increased use of urban 

consolidation centres and e-cargo bikes. 

• Factors such as improved logistics lead to 10% lower total HGV miles, relative to baseline 

forecasts. 

Efficiency • The average real-world CO2 intensity of new conventional cars and vans needs to 

improve by around 12% relative to today’s levels, before these are phased out in the 

early 2030s. 

• Efficiency of new HGVs increases by up to 21% through measures such as improved 

aerodynamics and lighter-weight construction. Most existing HGVs realise efficiency 

savings of 13-22% due to measures including retrofitting aerodynamic improvements 

and eco-driving training. 

• 47% of the UK’s railways are electrified by 2035, and diesel engines are 18% more 

efficient than today. 

Low-carbon 
technology 

• Sales of new petrol and diesel cars and vans (including PHEVs) are phased out by 2032 

at the latest. BEVs make up 64% of all cars and 68% of all vans on the road. 

• Zero-emission HGVs comprise 96% of all sales and 99% of bus and coach sales are zero-

emission. Diesel vehicles still comprise 67% of the HGV fleet. 

• All diesel trains have been removed from operations on category A passenger routes. 

These are mostly replaced by electric trains, with increasing numbers of battery-electric 

trains. Electric and diesel-electric trains make up 44% of the freight fleet. 

 

 

b) Alternative routes to delivering abatement in the mid-2030s  
 

There are alternative technical or behavioural approaches that could deliver 

emissions reductions. These are represented in our exploratory scenarios, which 

consider how emissions can be reduced across a variety of consumer and 

technology contexts (Figure 3.1.c and Table 3.1.b). 
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Figure 3.1.c Emissions pathways for the surface 
transport sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Baseline emissions begin slightly higher than the latest outturn data – this is because our scenario modelling is 

calibrated against DfT’s National Transport Model, which uses a base year of 2017. 

 
These scenarios demonstrate that options remain to go further in some areas as 

technology choices and the extent of possible behaviour change become 
clearer. 

• Greater reductions in travel demand through a higher shift to lower-carbon 

travel modes, ride-sharing solutions or societal shifts would mean that fewer 

electric cars and vans would be needed, with corresponding savings on EV 

capital costs and in charging investment and running costs. 

– Our most ambitious scenario for car demand results in a reduction in 

miles driven of 34% by 2050 relative to baseline demand. This is 

achieved through greater ambition on modal shift to active travel and 

public transport, a higher level of car-sharing and higher behavioural 

change through measures such as working from home and a 

reduction in business trips through greater use of technology. 

– Across our scenarios, the assumed demand reductions are partially 

offset by rebound effects due to the fuel cost savings from EVs, which 

are much cheaper to run than fossil fuel vehicles. 

 

 

Higher levels of demand 
reduction could be achieved 
through significant investment 
in active travel, enabling 
widespread behavioural 
change. 
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• There are also risks that travel demand could be higher than in our 

Balanced Pathway. We have modelled this in the Widespread Innovation 

scenario, where the introduction of connected and autonomous vehicles 

(CAVs) is assumed to lead to higher travel demand through improved 

mobility options and better utilisation of road space. In this scenario, overall 

car demand is 5% higher than in the baseline by 2050. 

• An earlier switchover date for ending petrol and diesel cars sales could be 

possible and deliver cost reduction and emissions benefits. 

– Our analysis suggests that new electric cars and vans are likely to be 

cost-saving from a social perspective during the 2020s, with upfront 

cost-parity reached by 2030. On this basis, the cumulative costs of 

passenger cars and vans are likely to be lower if the end of sales is 

brought forward to 2030 compared with a later date (Figure 3.1.d). 

– A 2032 phase-out is expected to deliver almost 90 MtCO2e lower 

cumulative emissions and £6 billion additional cost-savings across the 

period from 2020-2050, compared to continuing to allow conventional 

vehicles to be sold until 2035. Moving the phase-out date forward to 

2030 could deliver even larger cost savings and a small amount of 

further abatement. 

 

Figure 3.1.d Impacts of alternative phase-out  
dates for new petrol and diesel cars and vans 

 

Source: CCC analysis. 

Notes: Comparison between the annual cost to society (cost of vehicles, infrastructure, fuel and maintenance) of 

the EV transition under three phase-out dates for new petrol and diesel car and van sales (including PHEVs): i) 2030; 

ii) 2032 (as in our Balanced Net Zero Pathway); and iii) 2035. 

 

Electric cars and vans are 
likely to be cost-saving for 
society by the end of the 
decade. 

Phasing out the sale of new 
conventional cars and vans 
earlier in the 2030s is expected 
to reduce emissions and 
deliver increased cost savings. 
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• Our scenarios consider the impact of various phase-out dates for new 

petrol and diesel vehicles: 2032 in the Balanced Pathway; 2035 in 

Headwinds; and 2030 in all other scenarios (Figure 3.1.e). Analysis and 

evidence suggest that raw materials and supply chains can scale up to 

support a phase-out of all new petrol and diesel cars and vans by 2032 (see 

Methodology Report), and there is a clear economic and climate case to 

deliver it by then at the latest. 

• Our scenarios all assume that PHEVs are phased out at the same time as 

conventional fossil fuel vehicles. If this does not occur and PHEVs are 

instead allowed to be sold for longer, there is a risk that this could lead to 

greater uptake of PHEVs and undermine the switchover to fully zero-

emission options. Real-world emissions from PHEVs are often only marginally 

lower than emissions from conventional vehicles.  

 

Figure 3.1.e Proportion of all new car sales that 
are battery-electric vehicles 

 

Source: CCC analysis. 

Notes: Includes all new sales of small, medium and large cars – note that EV uptake in the Tailwinds scenario is 

aligned to the Widespread Innovation scenario. 

 

• Our Balanced Pathway for HGVs assumes the most cost-effective 

technologies are taken up, resulting in a mix of hydrogen and battery-

electric vehicles using ultra-rapid chargers. Our exploratory scenarios 

consider HGV costs and take-up under alternative technological 

development assumptions (Figure 3.1.f). 

 

Battery-electric cars are 
expected to make up over 
90% of all new sales by 2030. 
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– In each exploratory scenario there is focus on one main zero-carbon 

technology: in Headwinds, hydrogen refuelling stations are the only 

publicly available refuelling option; Widespread Engagement focuses 

on battery-electric with ultra-rapid public chargers; and Widespread 

Innovation assumes an electric road system (ERS) with both BEV and 

hydrogen vehicles recharging at depots. 

– Each of battery-electric, hydrogen and ERS could play a role in 

decarbonising the HGV sector. Small rigid trucks are likely to 

predominantly adopt BEVs, while hydrogen or ERS could be valuable 

for heavier vehicles with longer range requirements. By 2050, BEVs with 

ultra-rapid public chargers are likely to become the cost-optimal 

choice. 

– Whichever technologies emerge, there needs to be significant HGV 

infrastructure investment in the 2020s and 2030s. This will give 

confidence to fleet operators that they will be able to refuel as part of 

their daily operations. The total investment requirement (including the 

cost of infrastructure and new vehicles, and comprising both public 

and private investment) is estimated to be £35-65 billion across the 

period 2020-2050, which is expected to be partly offset by operational 

savings of £30-55 billion. 

 

Figure 3.1.f Proportion of all new HGV sales in  

2035 by powertrain type 

 

Source: Element Energy analysis for the CCC (2020). 

Notes: Assumes that sufficient financial support is available to make zero-emission options cost-competitive versus 

diesel vehicles from 2035.  

 
 

At least one zero-emission 
option for HGVs is likely to be 
suitable for 90%+ of fleet 
operators by 2035. 

Battery-electric HGVs are likely 
to be cost-optimal eventually, 
but battery technology will 
need to continue to develop 
for this to be achieved. 

1099  



105 Sixth Carbon Budget – The path to Net Zero 

Table 3.1.b 
Summary of key differences between our scenarios for the surface transport sector 

 Balanced Net 
Zero Pathway 

Headwinds Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds 

Behaviour 
change and 
demand 
reduction* 

Moderate 
behavioural 
change, with 
gradual 
reduction up to 
17% of total car 
miles by 2050 

Limited levels of 

behavioural 

change, with 

car demand 

falling to 12% 

below baseline 

by 2050 

High demand 

reduction, 

modal shift and 

ride-sharing, 

leading to 34% 

lower car 

demand and 

11% higher rail 

demand by 2050 

Introduction of 

connected and 

autonomous 

vehicles leads to 

a net 5% 

increase in total 

car demand by 

2050 

High levels of 

societal change 

leading to a 34% 

reduction in car 

demand by 2050 

Efficiency 

 

(in addition 
to efficiency 
improvemen
ts for new 
ICEs, which 
are 
assumed in 
all 
scenarios) 

80% of HGVs 
adopt efficiency 
measures; up to 
200km/year of 
rail 
electrification 
and diesel 
efficiency 
improving by 
2050 to 
0.5kgCO2/kWh 
(from current 
levels of 
0.8kgCO2/kWh) 

Slower BEV 

uptake so higher 

biofuel use; 50% 

of HGVs adopt 

efficiency 

measures; up to 

200km/year of 

rail electrification 

and diesel 

efficiency 

improving by 

2050 to 

0.5kgCO2/kWh 

80% of HGVs 

adopt efficiency 

measures; up to 

250km/year of 

rail electrification 

and diesel 

efficiency 

improving by 

2050 to 

0.5kgCO2/kWh 

80% of HGVs 

adopt efficiency 

measures; up to 

200km/year of 

rail electrification 

and higher 

diesel efficiency 

improvements to 

0.45kgCO2/kWh 

by 2050 

All HGVs adopt 

efficiency 

measures; up to 

250km/year of 

rail electrification 

and higher 

diesel efficiency 

improvements to 

0.45kgCO2/kWh 

by 2050 

Low-carbon 
technology 

2032 phase-out 
date for fossil 
fuel cars and 
vans; no clear 
technology 
choice for HGVs, 
so most cost-
effective 
technology mix 
is deployed 

2035 phase-out 

of fossil fuel cars 

and vans; large-

scale use of 

hydrogen in 

HGVs 

2030 phase-out 

of fossil fuel cars 

and vans, with 

rapid EV uptake 

driven by 

engagement; 

deployment of a 

substantial ERS 

network for 

HGVs 

2030 phase-out 

of fossil fuel cars 

and vans, with 

rapid EV uptake 

driven by cost 

reductions; 

battery density 

and cost 

improve leading 

to high use of 

BEV HGVs with 

ultra-rapid 

charging 

2030 phase-out 

of fossil fuel cars 

and vans, with 

rapid EV uptake 

driven by cost 

reductions; max 

roll-out rates for 

technology and 

infrastructure 

allow 

deployment of 

mix of low-

carbon HGV 

options at pace 

 

 

c) Impacts of the scenarios: costs, benefits and co-impacts on 
society 
 

Delivering the Balanced Pathway results in a cost saving to the economy of £8 

billion in 2035 compared with a theoretical counterfactual without any action on 

emissions, as investment costs are offset by lower operational expenditure (Figure 

3.1.g). Most measures in the Balanced Pathway are cost-effective.  

• Average lifetime abatement costs for the key surface transport sectors are 

cost-effective at BEIS carbon values (Table 3.1.c). 

 

 

 

 
 
* These figures are before rebound effects, which will increase demand as EV uptake grows, due to lower fuel costs. 

The transition to zero-emission 
vehicles will lead to an overall 
annual saving of £8 billion in 
2035. 
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Table 3.1.c 
Abatement costs for key surface transport sectors in 2035 (£/tCO2e) 

 Average abatement cost 
across fleet 

Marginal abatement costs for a new measure 
Conventional vehicle 
efficiency 

New battery-electric 
vehicle 

Cars 2 -8 -13 

Vans -19 -14 -22 

HGVs 52 -38 212 

• Significant investment in vehicles and charging infrastructure starting from 

now and rising to £12 billion per year in 2035 will be required. Investment 

costs continue to rise to 2050 as zero-emission technology and infrastructure 

is rolled out. This includes both public investment (including on deployment 

of public charging infrastructure) and private expenditure (such as for 

purchase of vehicles). 

• As EVs are much more efficient than conventional vehicles, these will be 

offset by lower operational expenditure from around 2030, with annual 

operating cost savings of around £20 billion in 2035. 

 

Figure 3.1.g Additional capital expenditure and  

operational cost savings in the Balanced Net 
Zero Pathway  

 

Source: CCC analysis. 

Notes: Chart displays in-year societal capital and operational cost impacts relative to the baseline. Segments 

above the horizontal axis represent additional capital expenditure (infrastructure and the purchase of new 

vehicles), while segments below the horizontal axis represent operational cost savings (reduced consumption, 

efficiency improvements and fuel / maintenance cost savings). 

 

 

 

The annual capital cost of 
decarbonising transport will be 
£12 billion in 2035. This includes 
public investment in charging 
infrastructure and private 
spending on new vehicles. 

Drivers will benefit from 
operational savings totalling 
£20 billion per year in 2035. 
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By 2025 we estimate that a new battery-electric car will be cost-saving compared 

with a petrol or diesel car over the lifetime of the vehicle, even when including 

costs of developing charging infrastructure and upgrading power networks to deal 

with increased demand for electricity and taking account of the need to replace 

exchequer revenue from fuel duty (Figure 3.1.h). 

• A typical BEV car today is around 35% more expensive to purchase than a 

comparable conventional car. By 2030, we expect these upfront costs to 

reach parity, and by 2035 a typical BEV would offer a small upfront cost 

saving. 

• Over the lifetime of the vehicle, the total societal cost of fuel for a typical 

conventional car is around £2,900. By comparison, the cost of electricity is 

lower at around £2,200. If fuel duty is included, the cost saving to a private 

owner is around £6,700 (around £500 per annum) in cash terms. 

• BEVs have fewer moving parts, so also typically have lower maintenance 

costs than conventional vehicles. This can save the owner up to £170 per 

year. 

• The cost of installing a home charger is expected to fall by around 25% by 

2035. 

 

Figure 3.1.h Cost comparison for new BEV, PHEV  

and conventional vehicles in 2030  

 

Source: CCC analysis. 

Notes: Societal costs are discounted at the social discount rate of 3.5% and represent net costs to society over the 

lifetime of the vehicle (i.e. excluding taxes and duties). Private costs are discounted at a private discount rate of 

7.5% and include all taxes and duties.  

Battery costs are falling rapidly. 
By 2030, a battery-electric car 
is expected to be no more 
expensive to purchase than a 
conventional vehicle. 

The electricity required to 
power an electric vehicle is 
significantly cheaper than 
petrol or diesel. 

In 2030, the total cost of 
owning an electric car will be 
substantially lower than that 
for a petrol or diesel vehicle. 
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In addition to significant emissions reductions and operating cost savings, many of 

the measures we outline have wider benefits to society: 

• Reduced demand for car travel and improved delivery logistics will lead to 

lower levels of congestion and better air quality, particularly in urban areas. 

• Switching to active forms of travel, such as walking and cycling, should 

offer health and wellbeing benefits. 

• Widespread uptake of zero-emission vehicles will deliver improvements in 

air quality (particularly in NO2 and CO2) and noise reduction. 

 

  

Demand reduction, shifts to 
lower-carbon modes of 
transport and widespread EV 
uptake will bring significant co-
benefits alongside emissions 
reduction. 
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2. Buildings 

Introduction and key messages 
 

Direct buildings emissions were 87 MtCO2e in 2019. Progress in delivering emissions 

reductions has broadly flatlined since 2015, when comparing on a temperature 

adjusted basis.  

 

Our pathways to 2050 aim to reduce emissions in buildings to zero by 2050 at the 

latest, based on the findings of our Net Zero report. They also aim to ensure 

buildings of the future are comfortable, healthy spaces to be year-round, which 

are resilient to overheating and other climate risks. 

 

Our Balanced Net Zero Pathway reflects four priorities over the coming decade or 
so: 

• Deliver on the Government’s energy efficiency plans to upgrade all 

buildings to EPC C over the next 10-15 years. 

• Scale up the market for heat pumps as a critical technology for 

decarbonising space heating, while maintaining quality.  

• Expand the rollout of low-carbon heat networks in heat dense areas like 

cities, using anchor loads such as hospitals and schools. Prepare to shift 

away from using fossil fuel Combined Heat and Power (CHP) as a supply-

source towards low-carbon and waste heat by preference from the mid-

2020s. 

• Prepare for a potential role for hydrogen in heat through a set of trials 

building on the current innovation programme. 
 

This programme requires a major ramp-up from what is happening today in supply 
chains for insulation, heat pumps and heat networks. Our detailed analysis 
demonstrates that this is feasible: 

• We commissioned Element Energy to undertake bottom-up modelling of 

heat decarbonisation for existing homes. Alongside modelling undertaken 

in house, the assessment indicates that delivering net zero emissions in 

buildings is feasible. 

• This assessment is underpinned by the latest available evidence on the cost 

and performance of measures, and on deployment constraints, informed 

by a literature review and through evidence gathering from expert 

stakeholders.  

• The installation rates for insulation measures such as lofts and cavity walls 

are within the range previously achieved under the supplier obligations in 

the early 2010s. Solid wall installation rates are more ambitious but 

considered achievable with strong policy in our testing with stakeholders.  

 
The rest of this section is set out in three parts:  

a) The Balanced Net Zero Pathway for buildings 

b) Alternative routes to delivering abatement in the mid-2030s  

c) Impacts of the Scenarios – costs and benefits 

 

 

Our pathways reduce 
emissions in buildings to zero 
by 2050 at the latest, whilst 
adapting to a changing 
climate. 
 

They require a major ramp up 
in supply chains for insulation, 
heat pumps and heat 
networks, which our analysis 
shows is feasible. 
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a) The Balanced Net Zero Pathway for buildings 
 

Across all buildings, around 34% of abatement to 2030 comes from energy 

efficiency measures, with a growing share of abatement from low-carbon heating, 

which dominates the picture from 2028 on (Figure 3.2.a). Buildings shift on to low-

carbon heat networks, high efficiency and flexible electrification, along with some 

hydrogen near industrial clusters from 2030. 

 

Our Balanced Net Zero Pathway takes Government policy priorities as its starting 

point – in particular the plans to improve the energy efficiency of all buildings over 

the next 10-15 years, to phase-out the installation of new high-carbon fossil fuels in 

the 2020s, and to expand heat networks through to 2050. We have assessed what 

additional levers are required in order to remove all remaining fossil fuel emissions 

from buildings, while minimising costs and disruption: 

• Minimising costs and disruption means working as much as possible with 

existing technology lifetimes – particularly the heating technology stock.  

• At the same time, we want to move quickly enough to be able to reach 

Net Zero without scrapping existing heating systems.  

 

Figure 3.2.a Sources of abatement in the  

Balanced Net Zero Pathway for Buildings 

 

Source: BEIS (2020) Provisional UK greenhouse gas statistics 2019; Element Energy for the CCC (2020) Development 

of t rajectories for residential heat decarbonisation to inform the sixth carbon budget; CCC analysis. 

Notes: Residential low-carbon heat includes some efficiency associated with new homes. Non-residential energy 

efficiency also includes some behavioural measures. Non-residential other includes catering and other non-heat 

fossil fuel uses. 

 

 

 

 

Our pathways take 
Government policy as their 
starting point: including the 
major programme to improve 
the efficiency of buildings and 
phase out oil and coal 
heating. 
 

Buildings shift on to low-carbon 
heat networks, high efficiency 
and flexible electrification, 
along with some hydrogen 
near industrial clusters. 
 

We look at a set of additional 
policy levers: a phase out date 
for the installation of natural 
gas boilers in 2033, along with 
new standards on mortgage 
lenders and at point of sale to 
drive efficiency renovations in 
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Given boiler lifetimes of around 15 years, we have looked at phasing out the 

installation of fossil fuel boilers, in advance of 2035. We adopt a central date of 

2033 for gas boilers across buildings, with public buildings moving faster: 

• For homes, we pick a central phase out date of 2028 for high-carbon fossil 

fuel boilers not connected to the gas grid, and a phase out date of 2033 

for gas boilers.  

• The key date of 2033 balances the need to scale up heat pump supply 

chains sustainably, while allowing for a small amount of headroom over a 

typical 15-year boiler stock turnover before 2050. 

• In non-residential buildings we use 2025 for high-carbon fossil fuel boilers in 

public buildings and 2026 in commercial buildings, based on the feasibility 

and benefits of moving faster. We use phase out dates for gas boilers of 

2033 in commercial buildings and 2030 in public buildings in the Balanced 

pathway. The faster pace in public buildings allows the Government to 

meet its targeted 50% reduction in emissions by 2032.  

• These dates operate alongside the deployment of low-carbon heat 

networks and a regional rollout of hydrogen conversion of the gas grid, 

informed by our industry scenarios. This means that the phase-out does not 

apply in any areas designated for these alternatives. 

 

The other key dates are then based on the need to build critical supply chains and 

skills, and prepare the building stock for the transition to low-carbon heating, with 

most of the energy efficiency programme completed by the time fossil fuel boiler 

installations are phased out from 2033 (Table 3.2.a). 

 

 This energy efficiency programme is also underpinned by a timetable of standards 

–rented homes achieve EPC C by 2028 in line with new Government proposals, 

with social homes aligned to the same timetable.  

 

We test two new policy proposals for the two-thirds of homes which are owner-

occupied, and therefore not covered by existing proposals outside of Scotland. 

This includes a requirement on lenders to first report on and then improve the 

average efficiency of their mortgage portfolios, covering just under half of the 

owner-occupied stock. A further subset are captured by regulations at point of 

sale, drawing on proposals published by the Scottish Government. 
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Table 1.11:Table 1.11 

Table 3.2.a  
Implications in the Balanced Pathway for buildings 

Critical dates and  
 Balanced 

Net Zero 
Pathway 
date 

Scenario implications 

Efficiency 
All new buildings are zero-
carbon 2025 at 

the latest 

100% of buildings built with high-levels of energy efficiency and 

low-carbon heating (e.g. heat pumps or low-carbon heat 

networks). 

Rented homes achieve EPC C 

2028 

Rented homes to achieve EPC C by 2028, such that all 

practicable lofts and cavities are insulated alongside other 

low-regret measures, with solid wall insulation deployed where 

this supports low-carbon heat and wider benefits.  

Standards for lenders targeting 
EPC C across the housing 
portfolio 2025 - 

2033 

Homes with mortgages achieve EPC C by 2033, such that all 

practicable lofts and cavities are insulated alongside other 

low-regret measures, with solid wall insulation deployed where 

this supports low-carbon heat and wider benefits. This covers 

just under half of all owner-occupied homes. 

All homes for sale EPC C 2028 No dwellings can be sold unless they meet the minimum 

standard. At the current housing turnover of once every ten 

years for mortgagors and once every 24 years for outright 

owners, regulations at point of sale would be expected to 

result in a further 15% of owner occupied homes meeting the 

required standard by 2035 (with further upgrades driven by the 

standards on lenders, totalling at least 60% of owner-occupiers 

overall).  

All commercial efficiency 
renovations completed 

2030 All energy efficiency improvements are made by 2030 to meet 

the Government’s target of reducing business and industrial 

energy consumption by 20%. 

Heating 
All boilers are hydrogen-ready 2025 By 2025 at the latest, all new gas boilers are hydrogen-ready. 

Oil and coal phase out  
(outside of any zones 
designated for low-carbon 
district heat) 

2028 100% of heating system sales off the gas grid are low-carbon 

from 2028, with exemptions for any buildings in zones 

designated for low-carbon district heat. Earlier dates may be 

possible in public and commercial buildings. 

Natural gas phase out  
(outside of zones designated 
for low-carbon district heat or 
hydrogen-conversion) 

2033 100% of heating system sales are low-carbon from 2033, with 

exemptions for any buildings in zones designated for low -

carbon district heat or hydrogen-conversion. We assume an 

earlier date of 2030 in public buildings so as to achieve the 

Clean Growth Strategy target of 50% emission reduction by 

2032. 

CHP phase out for low-carbon 
district heat  

2025 Currently, around 93% of district heat networks use a fossil fuel-

based primary fuel source. We assume that all new district 

heat network connections from 2025 are low-carbon. All heat 

networks supplied by legacy CHP schemes convert to low -
carbon heat sources by 2040.  

 

Notes: The fossil phase-out dates drive uptake of building-scale low-carbon heating – predominantly heat pumps, with some flexible resistive 

electric heating such as storage heating and panels.  
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Energy efficiency in the Balanced Net Zero Pathway 
 

The household energy efficiency programme in our Balanced Net Zero Pathway 

corresponds to a similar level of ambition as the Government’s EPC C targets: 

• It entails £55 billion of investment in home energy efficiency to 2050.  

• BEIS’s published estimate of £35-65 billion to achieve the EPC C standard 

implies a broadly consistent level of ambition. 

• It remains important that EPCs are reformed to ensure they drive the energy 

efficiency measures needed, as detailed in our accompanying Policy 

report.  

 

In total, 15 million households receive one of the main insulation measures 

(loft/wall/floor) and a further 8 million benefit from draught-proofing. Most homes 

with hot water tanks benefit from hot water tank insulation. All fuel poor homes 

receive a high efficiency upgrade: 

• We deploy low-cost measures such as draft proofing and hot water tank 

insulation in all homes, as well as insulating all practicable cavities and lofts 

(including top-ups where existing insulation is below 200mm).  

• Our assessment is that this leads to the deployment of around 3 million 

cavity insulation measures and 11 million loft insulation measures to 2050.  

• We include solid wall insulation in just under half of all uninsulated solid-

walled homes (3.4 million in total) including all those in fuel poverty.  

 

Energy efficiency and behavioural measures in our Balanced Pathway deliver a 

12% reduction in heat demand to 2050 (compared to a 22% reduction in our 

Tailwinds scenario).* This is a conservative estimate which reflects how measures 

are currently performing when installed in existing homes (further detailed in the 

accompanying Method report). Higher savings are possible with greater 

improvements in tackling the performance gap, innovation and public 

engagement. 

 

There remains uncertainty over the balance of costs and benefits for wall insulation 

in solid walled homes in particular, as well as levels of public support. This includes 

uncertainty over the energy savings which can be achieved and the potential for 

innovative new approaches which minimise cost and disruption (detailed in the 

separate Methodology report). Further research is needed here to inform 

deployment. To the extent there is any under delivery of solid wall insulation relative 

to our scenarios, the abatement would need to be delivered in other ways e.g. 

through increased uptake or performance of other energy efficiency measures, or 

through a faster rate of heat pump deployment. 

 

 

 

 

 
 
*   This represents an aggregate reduction in heat demand across the stock, tak ing into account technical and 

economic potential, and is not reflective of the savings which might be delivered in an individual home which has 

minimal existing insulation. A typical household in our Balanced Pathway which installs cavity wall insulation, loft 

insulation, and floor insulation sees heat demand savings of 30%, while very deep retrofits might deliver savings in the 

region of 57% (Element Energy for the CCC (2020) Development of trajectories for residential heat decarbonisation 

to inform the sixth carbon budget). The lower stock-level heat demand savings relative to our Net Zero analysis 

reflect a number of factors, including updated savings assumptions based on data from the National Energy 

Efficiency Database, and the latest evidence on costs and technical and economic potential. These factors lead to 

lower deployment relative to Net Zero, but similar deployment to that modelled for the Fifth Carbon Budget. 

Our assumed household 
energy efficiency programme 
over the next 10-15 years is 
broadly in line with 
Government ambition. 

15 million homes get one of 
the main measures 
(wall/roof/floor insulation). 

We conservatively estimate 
heat efficiency savings of 12% 
based on evidence of how 
measures currently performed 
when installed. 
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The timetable associated with our Balanced Net Zero Pathway allows for rapid 

scale-up of supply chains for critical insulation measures (Figure 3.2.b):  

• Total loft insulations rise rapidly from just 27,000 lofts insulated in the past 

year to back to over 700,000 installations per year by 2025. This compares to 

1.6 million which were insulated in 2012 under the supplier obligations. 

• The rate of cavity wall insulation rises from 41,000 cavities to over 200,000 a 

year by 2025. 

• Solid wall insulation measures also increase to just over 250,000 a year by 

2025 from just 11,000 in the past year. This puts us on track for insulating 3.4 

million by 2050, or just under half of the total UK stock of solid wall buildings. 

 

Figure 3.2.b Uptake of heating efficiency  

measures in existing homes 

 

Source: Element Energy for the CCC (2020) Development of trajectories for residential heat decarbonisation to 

inform the sixth carbon budget. 

Notes: This does not include measures which save other electrical demand such as LEDs, wet and cold appliances. 

Behavioural measures include multi-zonal heating controls and pre-heating (i.e. turning heating on early, off-peak). 

 

Our non-residential building scenarios include a 27% reduction in energy 

consumption compared to our 2018 baseline. In our Balanced Pathway, 

commercial energy efficiency is fully deployed by 2030 in line with the Clean 

Growth Strategy target and public sector measures are fully deployed by 2032 to 

contribute to the Government’s emission reduction target.  

 

 

 

 

 

Public willingness to adopt 
solid wall insulation is highly 
uncertain, as are the costs and 
benefits. Our Balanced 
Pathway insulates 3.5 million 
solid walls (out of a total of 8 
million). 

Public and commercial 
buildings benefit from around 
25% energy efficiency savings. 
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Low-carbon heating in the Balanced Net Zero Pathway 
 

Our Balanced Net Zero Pathway implies that by 2030, low-carbon heat installations 

in homes could represent up to around 80% of sales.* Of these low-carbon heat 

installations, 75% are heat pumps (including hydrogen hybrids), 19% are low-

carbon heat networks, and 5% are other flexible electric heating with space heat 

storage or solar thermal. 

• By 2030, heat pump sales reach just over 1 million per year in new and 

existing homes of a total market of 1.8 million boiler installations currently. 

There are a total of 5.5 million heat pumps installed in homes by 2030, of 

which 2.2 million are in new homes (Figure 3.2.c).  

• Hydrogen trials are scaled up rapidly in the 2020s to enable rapid grid 

conversion from 2030 onwards (as detailed in the separate Policy report).  

• Low-carbon heat networks are built through 2020-2050, with scaling up 

through to 2028, from which point around 0.5% of total heating demand is 

converted per year. By 2050, around a fifth of heat is distributed through 

heat networks.  

 

Figure 3.2.c Uptake of heat pumps in  
residential buildings 

 

Source: Element Energy for the CCC (2020) Development of trajectories for residential heat decarbonisation to 

inform the sixth carbon budget. 

 

By 2030 37% of public and commercial heat demand is met by low-carbon 

sources. Of this low-carbon heat demand 65% is met by heat pumps, 32% district 

heating and 3% biomass. By 2050 all heat demand is met by low-carbon sources of 

which 52% is heat pumps, 42% is district heat, 5% is hydrogen boilers and around 1% 

 

 
*   Based on low-carbon heat installations in existing homes in 2030 of 1.2m, low-carbon heat installations in new homes 

of 0.3m, and current annual boiler sales of 1.8m per year. 

By 2030, most heating 
installations are low-carbon – 
predominantly heat pumps. 

Public buildings move at a 
faster pace, leading to higher 
levels of low-carbon heat in 
non-residential buildings by 
2030. A greater share of 
demand is met through heat 
networks than for homes. 
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is new direct electric heating. 

 

b) Alternative routes to delivering abatement in the mid-2030s 
 

All buildings scenarios achieve close to zero emissions by 2050. The Tailwinds and 

Widespread Engagement pathways are faster than the Balanced Pathway, 

reducing to close to zero by 2044 (Figure 3.2.d). * By 2035, the pathways achieve 

reductions of 45% - 65%, relative to current emissions. 

 

We explore different contexts by varying the key timings, costs and performance 

assumptions and by exploring the impact of innovation such as new business 

models (Table 3.2.b): 

• Widespread Engagement. Households and businesses are prepared to 

undertake renovations at scale through the 2020s, with high levels of pre-

heating and other behaviour change in homes.† They also support earlier 

regulatory approaches. 

• Innovation. Power sector innovation drives down electricity costs. 

Households adopt smart, flexible electric heating including hybrid heat 

pumps, as well as high-temperature heat pumps (which are able to 

operate at higher temperatures, reducing the need for radiator 

upgrades).4‡ New business models such heat-as-a-service and new 

financial models for deep retrofits become common, delivering high 

performance solutions. High levels of cost reduction through learning, and 

increases in performance over time. 

• Headwinds. People change behaviour and new technologies develop, but 

there are no widespread behavioural shifts or innovations that significantly 

reduce the cost of green technologies ahead of current projections. 

Alongside strong electrification, there is widespread use of hydrogen, led 

by the conversion of industrial clusters.  

• Tailwinds. Households and businesses support early regulatory approaches, 

and minimise their use of energy through behaviour change and the 

highest uptake of energy efficiency measures. At the same time, innovation 

drives down costs (with 40% reductions in heat pump costs to 2050) and 

drives up performance. 

 

Availability of hydrogen in Headwinds is increased at an ambitious rate in the 

2030s, implying that some possible hydrogen-dominated pathways could lead to 

lower emissions in the budget period. However, as a result this scenario has 

considerably higher overall hydrogen demand, creating a substantially bigger 

challenge to source sufficient volumes of low-carbon hydrogen. In turn, this is likely 

to lead to more use of fossil gas reforming with carbon capture and storage (CCS),  

increasing residual emissions from hydrogen production and increasing reliance on 

CCS and fossil gas imports (see section 5). While higher buildings demands could 

be conceived of, they are not included in our scenarios due to these supply 

challenges and residual emissions. 

 

 
*   Some additional rollout of low-carbon heat networks occurs to 2050. 

†   Where homes are sufficiently well insulated, it is possible to pre-heat ahead of peak times, enabling access to 

cheaper tariffs which reflect the reduced costs associated with running networks and producing power off-peak. 

Other behavioural measures are summarised in table 3.2.a. 

‡   While high temperature heat pumps are specifically designed for high temperature operation, the designs of 

‘conventional’ heat pumps are increasingly being improved to reach 60-65°C at reasonable efficiency. We assume 

that radiator upgrades could be avoided where flow temperatures of 65-70°C are reached. An efficiency penalty is 

associated with operation at these higher temperatures, although discussions with manufacturers suggest efficiency 

benefits relative to resistive heating are maintained even in very cold weather. 

We explore a range of 
scenarios which achieve 45-
65% reduction in emissions by 
2035, against current levels. 
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Figure 3.2.d Emissions pathways for the  
buildings sector 

 

Source: Element Energy for the CCC (2020) Development of trajectories for residential heat decarbonisation to 

inform the sixth carbon budget; CCC analysis. 
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Table 1.11:Table 1.11 
Table 3.2.b 
Summary of key differences in the buildings sector scenarios 

 Balanced Net 
Zero Pathway 

Widespread 
Engagement 

Widespread 
Innovation 

Headwinds Tailwinds 

Behaviour 
change and 
demand 
reduction 

Moderate levels 
of behaviour 
change 
(homes). 
 
25% of eligible 
households pre-
heat, 3% 
reduction in 
space heat 
demand from 
smarter heating 
management 
and use, low-
flow shower 
heads. 
 
 
 

High levels of 

behaviour 

change 

(homes). 

 

50% of eligible 

households pre-

heat, 6% 

reduction in 

space heat 
demand, 50°C 

hot water 

temperature 

with daily 
legionella cycle,* 

low flow shower 

heads 
 

High levels of 

behaviour 

change 

(homes).  

 

50% of eligible 

households pre-

heat, 6% 

reduction in 

space heat 

demand, heat-

as-a-service 

delivering higher 

performance, 

low flow shower 

heads 

Moderate levels 

of behaviour 

change (homes) 

 

25% of eligible 

households pre-

heat, 3% 

reduction in 

space heat 

demand, low 

flow shower 

heads 

High levels of 

behaviour 

change (homes) 

 

50% of eligible 

households pre-

heat, 6% 

reduction in 

space heat 

demand, heat-

as-a-service 

delivering higher 

performance, 

low flow shower 

heads 

Efficiency Moderate 
energy 
efficiency 
uptake in 
homes. Loft and 
wall insulation for 
all fuel poor. 
 
Fast commercial 
uptake; 
Moderate-
paced public 
uptake. 
 
 
 
 
 
 
 
 
 
 
 
 

Moderate-high 

energy 

efficiency 

uptake in homes. 

Loft and wall 

insulation for all 

fuel poor. 

 

Fast uptake of 

energy 

efficiency in 

other buildings. 

 

Lower energy 

efficiency 

uptake in homes. 

Loft and wall 

insulation for all 

fuel poor. 

Innovation drives 

down energy 

efficiency costs 

and delivers high 

performing deep 

retrofits. 

 

Moderate-

paced uptake in 

other buildings. 

 

 

Lower energy 

efficiency 

uptake in 

homes. Loft and 

wall insulation for 

all fuel poor. 

 

Slow commercial 

uptake; 

moderate-

paced public 

uptake. 

High energy 

efficiency 

uptake in homes 

(full economic 

potential). Loft 

and wall 

insulation for all 

fuel poor. 

 

Fast uptake of 

energy 

efficiency in 

other buildings. 

Low-carbon 
fuels/ 

technology 
 
 

Hybrid hydrogen 
scenario in 
homes, with 11% 
of homes using 
hydrogen for 
heat. Limited use 

Fully electrified 

scenario 

(including heat 

networks). No 

biofuels in 

homes. 

Hybrid hydrogen 

scenario in 

homes, with 10% 

of homes using 

hydrogen for 

heat. 

Widespread 

Widespread 

network 

conversion to 

hydrogen, with 

71% of homes 

using hydrogen 

for heat. Smaller 

Buildings fully 

electrified, 

except for areas 

around industrial 

clusters which 

use H2 boilers. 

11% of homes 

 

 
*   Legionella bacteria are widespread in natural water systems and can cause Legionnaires’ disease where conditions 

are conducive e.g. where water is maintained at a temperature high enough to encourage growth. Legionella 

bacteria can multiply where temperatures are between 20-45°C, but do not survive above 60°C. HSE is currently 

undertaking work with CIBSE looking at guidance for low-temperature systems to manage legionella risk. 
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of biofuels in 
homes.  
 
Heat networks 
fully electrified.* 
 
Non-residential 
buildings heat 
and catering 
demands mainly 
electrified with 
some hydrogen. 
 

uptake of high- 

temperature 

heat pumps and 

flexible 

technology. No 

biofuels in 

homes.  

 

Heat networks 

fully electrified. 

Lower levels of 

low-carbon heat 

networks in non-

residential 

buildings. 

 

Non-residential 

buildings heat 

and catering 

demands mainly 

electrified with 

some hydrogen. 

 

Higher efficiency 

of heat pumps 

and greater 

reduction in cost 

over time. 

 

role for heat 

pumps across all 

buildings; 13 

million in homes. 

 

In homes, 

hydrogen boilers 

in north and 

heat pump-

hydrogen 

hybrids in south. 

Limited use of 

biofuels. 

 

Heat networks 

supplied by 

hydrogen and 

large-scale heat 

pumps. 

 

Catering and 

cooking 

demands 

predominantly 

met with 

hydrogen. 

using hydrogen 

for heat. No 

biofuels in 

homes. 

 

Higher efficiency 

of heat pumps 

and greater 

reduction in cost 

over time. 

 

 

Table 1.11:Table 1.11 
Table 3.2.c 
Critical dates and scenario metrics in the Balanced Net Zero Pathway 

 

 Balanced Net Zero Pathway 
date 

Range 

All new homes are zero-carbon 2025 at the latest 2024-2025 

Rented homes achieve EPC C 2028 2027-2030 

Standards for lenders targeting EPC C across 
the housing portfolio 2025 - 2033 From 2025 to 2030/2035 

All homes for sale EPC C 2028 2025-2030 

Commercial energy efficiency complete 2030 2030-2035 

Public sector energy efficiency complete 2032 2030-2032 

Oil and coal phase out  
(outside of any zones designated for low-
carbon district heat) 

Residential: 2028 

Commercial oil: 2026 

Public oil and all coal: 2025 

Residential: 2026-2028 

Commercial: N/A 

Public: N/A 

Natural gas phase out  
(outside of zones designated for low-carbon 
district heat or hydrogen-conversion) 

Residential: 2033 

Commercial: 2033 

Public: 2030 

Residential: 2030-2035 

Commercial: 2030-2033 

Public: 2030-2033 

 

 

 

 

 

 

 

 
 
*   Dominated by water- and sewage-source heat pumps and waste heat from industrial sources. 
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c) Impacts of the scenarios: costs, benefits and co-impacts on 
society 
In our 2019 Net Zero report, we identified buildings as one of the most costly 

challenges across the economy, with in-year costs in 2050 of around £15 billion per 

year and uncertainty around the total costs throughout the period to 2050. Our 

updated Sixth Carbon Budget pathways estimate these full costs.  

The Balanced Pathway requires investment across all buildings (residential and 

non-residential) at an average rate of around ~£12 billion per year to 2050, offset 

by reductions in operating costs of ~£5 billion per year: 

• Total investment costs are £360 billion to 2050, of which around £250 billion is 

for the programme of upgrading homes (Figure 3.2.e) and £110 billion in 

public and commercial buildings. 

• Total investment in the programme of efficiency in existing homes in this 

scenario is around £45 billion to 2035 with a total spend of £55 billion by 

2050. This compares to BEIS’s published estimate of £35-65 billion to achieve 

the EPC C standard.5  

• Total investment costs are less than £10,000 per household on average in 

our Balanced Pathway. 63% of homes need spend no more than £1000 on 

retrofitting energy efficiency measures. 

• The deployment of all energy efficiency potential in public and 

commercial buildings entails £2 billion per year of commercial investment 

to 2030 and £0.5 billion per year of public sector investment to 2032. Annual 

operating cost savings of around £1.5 billion and £0.5 billion result for 

commercial and public buildings respectively. 

• Including low-carbon heat increases this to £2.8 billion per year investment 

in commercial buildings and £0.9 billion in public buildings through the 

2030s and 2040s. This is associated with total operating cost savings of £3 

billion per year across public and commercial buildings. 

 

Energy efficiency is projected to deliver ongoing operating cost savings (Figure 

3.2.e), resulting in lower overall bills for households in all scenarios apart from 

Headwinds (Chapter 6). Behaviour change in our Balanced Pathway is estimated 

to contribute around £0.4 billion of savings per year by 2050. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Balanced Pathway 
requires investment at an 
average rate of around ~£12 
billion per year to 2050, offset 
by reductions in fuel costs of 
~£5 billion per year. 
 
 

Total investment costs are less 
than £10,000 per household.  
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Figure 3.2.e Household investment and operating  
costs for existing homes, Balanced Net Zero  

Pathway 

 

Source: Element Energy for the CCC (2020) Development of trajectories for residential heat decarbonisation to 

inform the sixth carbon budget; CCC analysis. 
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Figure 3.2.f Operating costs in existing homes, 

Balanced Net Zero Pathway 

 

Source: Element Energy for the CCC (2020) Development of trajectories for residential heat decarbonisation to 

inform the sixth carbon budget; CCC analysis. 

Notes: Opex not calculated for transition to low-carbon cooking or for decarbonisation of household and garden 

machinery. 

 

 

Reduction of costs – through learning by doing and by incentivising flexibility – is 

essential (see accompanying Policy report). 

This is a major investment programme which, if managed well, can have strong 

economic benefits. In particular, the investment can act as a stimulus and create 

skilled employment throughout the UK, with the Construction Industry Training 

Board (CITB) estimating over 200,000 new jobs in this scenario (Figure 3.2.g). There is 

strong reason to believe these jobs would be additional to the current workforce. 

Energy efficiency retrofits are expected to provide new jobs and have already 

been recognised as an important part of the green recovery. Low-carbon heat 

installations, while replacing fossil fuel installations, are expected to drive additional 

jobs due to the additional labour required for more complex installations and 

household conversion.* 

 

 

 

 
*   Recently published evidence from BEIS suggests that the labour costs for installing an air source heat pump are 

roughly double those for a conventional gas boiler, with the costs being around three times higher for a ground 

source heat pump (Delta EE for BEIS (2020), Cost of installing heating measures in domestic properties). These 

increased costs are representative, in part, of the increase in  effort required. While there is potential for labour 

differentials to be more limited for hydrogen boilers and heat network connections to homes, the need for regional 

conversions could drive additional jobs relative to the installations which might otherwise be associated with natural 

replacement cycles. 

This major investment 
programme can act as an 
economic stimulus and create 
over 200,000 new jobs.  
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Upgrading the building stock will deliver a significant set of wider benefits in terms 

of improved comfort and health, particularly for the fuel poor. The current 

estimated cost to the NHS from poor quality housing is £1.4-2 billion per year, in 

England alone.6 Energy efficiency – done alongside ventilation and shading 

upgrades – can improve comfort levels year-round and guard against damp (Box 

3.2.a). The retrofit of homes to both address and adapt to climate change has 

potential to deliver regeneration benefits. More widely, the shift to electrification 

and heat networks can also deliver improved energy security and improved air 

quality. There is some evidence to suggest that there could also be air quality 

benefits from switching to hydrogen heating in terms of reduced NOx emissions, 

although further research is needed.7  

 

Figure 3.2.g Additional FTE requirements for each 
qualification level and specialist skill 

 

Source: CITB (2020) Building Skills for Net Zero (draft report); CCC analysis. 

Notes: Figures adjusted to represent a 2-year rolling average. ‘TrustMark retrofit other specialisms’ includes retrofit 

designers, installers, advisers and assessors. FTE equivalent by skills do not sum exactly to equivalent numbers by 

trade due to mapping. 

 

 

 

 

 

 

 

 

 

 

 

 

Wider benefits include 
improved health outcomes, 
levels of comfort and 
adapting to a changing 
climate.  
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Box 3.2.a 
A holistic approach to retrofit 

Measures to address thermal efficiency, overheating, indoor air quality and moisture 

must be considered together when retrofitting or building new homes.  

 

There are zero cost actions householders can take now to better ventilate and shade 

their homes, including shutting curtains during the day to limit solar gains, and opening 

windows to improve ventilation.* There are also home upgrade measures which can 

improve overheating and ventilation further.  

 

• Shading measures can include high specification blinds (e.g. with reflective backing) 

and/or external shading or awnings. We estimate that installing moderate cost 
measures to the most at-risk property types would add £4-£5 billion of total investment 

costs to 2050.†8 

• Ventilation measures (which can also help mitigate overheating risk) include extract 

fans, mechanical extract ventilation (MEV) and mechanical extract ventilation and 

heat recovery (MVHR). Installing extract fans is estimated to cost around £550 per 

home, while MEV or MVHR could add between £1,700-£4,100 per home.9 

Wider adaptation needs, such as water efficiency and flood resilience, should be 

considered as part of retrofit needs but have not been costed as part of this work. 

Sources: CCC and Element Energy analysis. 

 

 

  

 

 
*   Windows should be opened when room temperatures reach 22 degrees, but should remain closed if outdoor 

temperatures rise above indoor temperatures. Overheating and ventilation can both be improved by opening 

windows during the night to purge heat. 

†   This assumes all flats within the housing stock install high specification blinds designed to reflect solar gain and/or 

allow for windows to be open during use. These costs would be additional to those presented in Figure 3.2.e.  
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3. Manufacturing and construction 

Introduction and key messages 
 

Our Balanced Net Zero Pathway sees manufacturing and construction emissions 

reduced by 70% by 2035 and 90% by 2040 from 2018 levels, based on fuel-

switching, CCS and improvements to resource and energy efficiency (Figure 3.3.a).  

 

This pathway has faster reductions than the pathway underpinning our 2015 Fifth 

Carbon Budget advice. This reflects substantially improved knowledge of deep 

decarbonisation and resource efficiency options (see Methodology Report) and 

the shift to an economy-wide Net Zero target. 

 

The pathway assumes that the Government establishes a policy framework to 

support UK manufacturing to reduce emissions in a way that does not drive 

manufacturers overseas and that benefits jobs and investment in UK 

manufacturing (see Chapter 4 in the accompanying Policy Report and Chapter 6 

in this report for more on competitiveness and jobs).  

 

Figure 3.3.a Sources of abatement in the  
Balanced Net Zero Pathway for the  
manufacturing and construction sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: The abatement from BECCS in the graph does not include the carbon captured, which is accounted for the 

in the removals subsection of Chapter 3. 

 

 

Our Balanced Net Zero 
Pathway involves 
manufacturing and 
construction (M&C) emissions 
cuts of 90% by 2040. 
 

The pathway requires policy to 
drive emissions reductions in a 
way that does not drive 
manufacturers overseas. 
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This section is split into three sub-sections: 

a) The Balanced Pathway for manufacturing and construction 

b) Alternative routes to delivering abatement in the mid-2030s 

c) Impacts of the scenarios: costs, benefits and co-impacts on society 

 

a) The Balanced Net Zero Pathway for manufacturing and 
construction 
 

The pace of decarbonisation in the Balanced Pathway for manufacturing and 

construction gradually accelerates through the 2020s to mid-2030s with the 

increasing implementation of new technologies, policy, resource efficient 

approaches, and development of infrastructure and supply chains. Most 

decarbonisation of the sector is complete by 2040. Figure 3.3.a presents an 

overview of the emissions reduction actions and timing of the Balanced Pathway 

actions. 

• Improvements in resource and energy efficiency lead to the largest 

emissions reductions in the early 2020s, with smaller contributions from 

electrification, biofuel use and material substitution. Fuel-switching and CCS 

deployment scale up from 2025.  

• Infrastructures for CCS and hydrogen are deployed from 2025 in the 

pathway, starting near industrial clusters. Electricity network connection 

capacity is also increased around newly electrifying sites. The 2030s sees 

substantial scale-up across these three major networks. 

• Policy develops rapidly to ensure that it pays for companies to implement 

societally cost-effective measures and that non-financial barriers are 

addressed. See the accompanying Policy Report for policy 

recommendations. 

• Supply chains scale up at pace in the pathway. More workers acquire skills 

to implement low-carbon measures, the supply of necessary technologies 

and equipment grows, and the availability of finance increases. 

 

Improvements in resource and energy efficiency and material substitution in the 

Balanced Pathway reduce emissions by 12 MtCO2e per year by 2035, contributing 

8 MtCO2e, 3 MtCO2e and 1 MtCO2e respectively: 

• Resource efficiency abatement gradually increases from 2020 to 2035. 

• Improvements that reduce end-user consumption of new resources 
cut emissions by 3 MtCO2e per year in 2035 (Figure 3.3.a). This includes 

measures such as consumers using clothes and electronics products 

for longer, which may require improved durability. 

• Measures that improve resource efficiency in production reduce 

emissions by 5 MtCO2e per year in 2035. This includes measures such as 

optimising building design to reduce material use. 

• The resource efficiency measures can alternatively be split into the 

following groups: design optimisation to reduce material inputs (3 

MtCO2e per year in 2035), increased recycling and reuse (3 MtCO2e, 

of which half is through reuse of construction materials), increasing 

product longevity (2 MtCO2e, largely from electronics), and increased 

product utilisation and sharing (1 MtCO2e, including sharing leisure 

equipment and car clubs). 

During the 2020s the Balanced 
Pathway has increasing 
implementation of new 
technologies, policy, resource 
efficient approaches, and 
development of infrastructure 
and supply chains.  

Recycling, reusing and sharing 
products, increasing product 
longevity and reducing 
material use through better 
design, all play a role in 
reducing M&C emissions in the 
Balanced Pathway. 
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• Energy efficiency improvements achieve emissions reductions of 4 MtCO2e 

per year by 2050. Measures in the most energy-intensive sectors are divided 

between heat recovery (0.5 MtCO2e), process upgrade (1 MtCO2e), 

equipment upgrade (1 MtCO2e) and integration/clustering (0.5 MtCO2e), 

with a further 1 MtCO2e in less energy intense sectors. 

• Material substitution measures in the pathway include partial substitution of 

clinker in cement and the use of wood in construction, and increase 

steadily over the period to 2050. 

 

Figure 3.3.b Manufacturing and construction  
abatement and residual emissions in 2050 in 

Balanced Net Zero Pathway against  
counterfactual processes 

 

Source: CCC analysis. 

 
Fuel-switching reduces sector emissions in the Balanced Pathway in 2035 by 18 

MtCO2e per year, increasing to 30 MtCO2e in 2045 (Figure 3.3.a). In the 2020s, a mix 

of fuel-switching technologies are deployed to keep options open for subsequent 

deployment, given uncertainty about which fuel-switching options will prevail in 

the 2030s. In the 2030s options are deployed where they are cost-effective under 

our cost assumptions - this results in a mix of electrification, hydrogen and 

bioenergy deployment, reflecting variation in cost-effectiveness between different 

applications and locations. 

• Electrification reduces emissions by 9 MtCO2e per year by 2035, increasing 

to 14 MtCO2e by 2045. Electrification measures include electric boilers, 

switching from on-site generation to a grid connection, electric arc 

furnaces, electric mobile machinery, electric dryers and electric infra-red 

heaters (Figure 3.3.b).  

Improvements in resource and 
energy efficiency lead to the 
largest emissions reductions in 
the early 2020s. 
 

With falling electricity costs, 
the Balanced Pathway has an 
important role for 
electrification.  
 
 

Switching from fossil fuels to 
low-carbon fuels contributes 
the largest emissions 
reductions in the Balanced 
Pathway from the early 2030s. 
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Some electrification options are introduced in the early 2020s due to high 

levels of technology and commercial readiness. Some electrification 

measures involve scrapping existing assets before the end of their 

expected lifespan. This reflects preferable economics over the alternatives 

and the inability to retrofit some electrification options. 

• Hydrogen use reduces emissions by 7 MtCO2e per year by 2035, increasing 

to 14 MtCO2e by 2045. Hydrogen measures include hydrogen boilers, CHP, 

generators, mobile machinery and kilns. Our latest evidence suggests that 

these measures can typically be retrofitted, limiting the need to wait for a 

replacement cycle or to scrap assets before fitting. 

• Bioenergy use reduces fossil emissions by 2 MtCO2e per year by 2035 

increasing to 2.5 MtCO2e in 2045. Its use is prioritised for sectors already 

using bioenergy, such as cement and pulp, or with the potential to fit CCS. 

CCS is applied to all new bioenergy use in manufacturing and 

construction*, apart from biofuel use in mobile machinery. In 2035, biofuels 

contribute 0.5 MtCO2e per year of abatement, falling to zero by 2040. The 

application of CCS to bioenergy results in further abatement of 3 MtCO2e in 

2045 – this fraction of the BECCS is not accounted for in our manufacturing 

results, but rather in greenhouse gas removals (see section 11). 

 

CCS reduces manufacturing emissions in the Balanced Net Zero Pathway by 6 

MtCO2e per year in 2035, increasing to 9 MtCO2e by 2045 (Figure 3.3.a). In the 

pathway, CCS is applied to fertiliser plants, half of the UK’s integrated steelwork 

capacity, and processes where it is the only deep decarbonisation option 

available. 

• There is 5 MtCO2e per year of abatement in 2045 from processes where we 

have not identified alternative options to reduce emissions to near-zero. This 

includes processes that a) produce CO2 from non-combustion processes, 

such as cement production and b) combust fuels (sometimes called 

internal fuels or off-gases) that are produced as part of the industrial 

process.  

• CCS is also applied as a lower-cost measure to existing ammonia/fertiliser 

plants in the mid-2020s and half of the UK’s integrated steelwork capacity in 

the early 2030s. This contributes 4 MtCO2e per year of abatement in 2045. 

• Smaller scale, more expensive CCS is deployed in the late 2030s and 2040s.  

 

The geographical distribution of fuel-switching and CCS measures is focussed 

around industrial clusters. However, there is still substantial abatement outside of 

the clusters (Figure 3.3.c).  

• The location of sites may affect the choice of deep decarbonisation option 

when multiple options are possible – our evidence suggests that 

electrification has an advantage over hydrogen at dispersed sites, due to 

differences in electricity and hydrogen distribution options and availability.  

• Pipeline, train, truck or shipping are considered as options to transport CO2 

from dispersed sites where CCS is their only deep decarbonisation option, 

such as cement, lime and other mineral sites. 

 

 

 
*   We have not accounted for the small amount of bioenergy that we expect may be introduced prior to the fitting of 

CCS. 

Hydrogen used in boilers, CHP, 
generators, mobile machinery, 
furnaces and kilns reduces 
M&C emissions by 7 MtCO2e 
per year by 2035.  
 
 

CCS reduces emissions where 
it is the only deep 
decarbonisation option 
available. It is also applied to 
fertiliser plants in the mid-2020s. 
 
 

The Balanced Pathway has 
substantial action focussed in 
industrial clusters. However, 
decarbonisation of dispersed 
sites is still considerable. 
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Figure 3.3.c Map of deep decarbonisation  
measures in the manufacturing and construction 

sectors in the Balanced Net Zero Pathway in 2050 
 

 

Source: CCC analysis. 

Notes: The individual pies represent emissions within a certain geographical radius and may include more than one 

site. Map excludes small sites where geographical data was not available, which includes all industrial off-road 

mobile machinery, together these constitute 42% of manufacturing and construction deep decarbonisation 

abatement. Map does not include abatement of emissions from electricity generation, fuel su pply or waste. It does 

not include abatement from resource efficiency or energy efficiency measures. 

 
The different subsectors of industry have different mixes of abatement measures 

and slightly different paces of decarbonisation (Figure 3.3.d), reflecting their 

different technology options, geographical distribution, underpinning infrastructure 

requirements and opportunities for energy and resource efficiency. 

• Resource efficiency measures have the most substantial impact on the 

cement & lime and iron & steel sectors, particularly as a result of measures 

in the construction, vehicles and fabricated metal sectors. The paper sector 

has the highest fraction* of abatement from energy efficiency (38% in 

2050), with a substantial saving from clustering and using waste heat from 

other sites. The largest absolute abatement from energy efficiency is in the 

chemicals sector (1 MtCO2e in 2050), driven largely by equipment 

upgrades. 

 

 

 
 
*   Compared to other sectors. 

Sectors with fewer sites, such 
as iron and steel, can see fast 
decarbonisation once started. 
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• Sectors with larger numbers of sites, smaller sites and more dispersed sites 

decarbonise slower, such as food and drink, other manufacturing and 

construction and off-road mobile machinery (which doesn’t have fixed 

sites). Sectors with fewer sites, such as iron and steel, can see faster 

decarbonisation once started. 

 

Figure 3.3.d Abatement and remaining emissions 

for manufacturing and construction subsectors in 
2050 
 

 

Source: CCC analysis. 
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Consumption emissions also decline on our Balanced Net Zero Pathway, reflecting 

domestic decarbonisation actions, reductions in consumption that reduce imports, 

and policy on the carbon intensity of imports (see accompanying Policy Report) 

and international decarbonisation action. Exploratory analysis of the effect of 

these actions on consumption emissions is set out Figure 3.3.e. 

 

Figure 3.3.e Indicative consumption emissions for 

the combined manufacturing and construction  
and fuel supply sectors and effect of import 

policy under the Balanced Net Zero Pathway for 
two scenarios of international action 
 

 

Source: CCC analysis. 

Notes: Calculations are indicative. The consumption emissions baseline assumes simple % growth in consumption of 

different sectors combined with NDC level action internationally. The territorial emissions baseline uses a different 

methodology based on Government emissions projections (see Methodology Report). Import policy is assumed to 

gradually improve the carbon intensity of imports to manufacturing, construction and fuel supply is a production 

basis.  

 

 

Consumption emissions also 
decline in our Balanced 
Pathway, with a role for policy 
on the carbon intensity of 
imports. 
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b) Alternative routes to delivering abatement in the mid-2030s 
 

Our four exploratory scenarios vary by pace (Figure 3.3.f), the measures they 

contain, such as resource efficiency, fuel-switching, and CCS (Table 3.3.a) and 

assumptions (see Methodology Report). 

 

The main divergences in pace are in the Headwinds and Tailwinds scenarios 

(Figure 3.3.f). In Headwinds, pace is slower because technology and fuel costs are 

higher, there is less resource efficiency and companies are less willing to electrify 

because it involves a full equipment refit and possibly scrapping assets. In Tailwinds 

the combination of lower technology costs, more Government support, businesses 

acting beyond incentives and faster development of supply chains increase pace. 

 

The most substantial variation in outcome between the scenarios is in the fuel-

switching options. This reflects the uncertainty around whether, where and when 

electrification, blue hydrogen or green hydrogen will be most competitive, 

although all scenarios have a mix of electrification and hydrogen. 

 

Outcomes that vary less include energy efficiency and CCUS on process emissions. 

Both are low-regret actions. The former is low-cost and for the latter there is no 

alternative option.  

 

Figure 3.3.f Emissions pathways for the 
manufacturing and construction sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

 

 

 

Our four exploratory pathways 
see different levels of 
electrification and hydrogen 
use. This reflects uncertainty 
about the relative 
competitiveness of the options 
in the future. 
 
 

Low-regret options include 
CCUS on process emissions 
and energy efficiency. 
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Table 1.11:Table 1.1 
Table 3.3.a 
Summary of key differences in the manufacturing and construction sector scenarios 

 Balanced Net 
Zero Pathway 

Headwinds Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds 

Resource 
efficiency 

High level 
driven by mix of 
behaviour and 
innovation 

Moderate levels High level driven 

by consumer 

and business 

engagement 

Moderate-high 

level driven by 

innovative 

techniques and 

business models 

High level driven 

by behaviour 

and innovation 

Fuel-switching 
and CCS 

Balance of 
electrification 
and (mostly) 
blue hydrogen 

More blue 

hydrogen than 

electrification. 

Wider use of 

CCS on 

combustion 

emissions 

Mostly 

electrification, 

some green 

and blue 

hydrogen. 

Electrification 

and green 

hydrogen. 

Higher CCS 

capture rates. 

Electrification 

and green 

hydrogen. 

Higher CCS 

capture rates. 

Business attitude Most businesses 
follow 
incentives. 

Business resistant 

to change, 

prefer to retrofit 

despite of 

incentives. 

Most businesses 

follow 

incentives. 

Faster supply 

chain 

development. 

Most businesses 

follow 

incentives. 

Businesses follow 

incentives and 

go beyond. 

Faster supply 

chain 

development. 

 

c) Costs and benefits of the Balanced Net Zero Pathway 
 

The Balanced Net Zero Pathway will incur additional financial costs in the 

manufacturing and construction sector, as well as some savings from resource and 

energy efficiency improvements. With well-designed policy, it can drive investment 

and support jobs in the manufacturing and construction sectors (see chapter 5).  

 

We estimate the annualised cost* of the Balanced Net Zero Pathway for 

manufacturing and construction to be around £1 billion/year in 2030, £2 

billion/year in 2035 and reaching £4 billion/year through the 2040s. In 2040 this 

represents an average cost of abatement across all measures of around 

£75/tCO2e. 

• Additional capital costs are around £1 billion/year in the late 2020s 

increasing to £2 billion/year in the early 2030s and peak at around £3 

billion/year in the late 2030s, before falling to around £2 billion/year in the 

2040s. 

• Additional operational costs from fuel-switching and CCS are around £0.5 

billion/year in late 2020s, increasing to £1 billion/ year in the early 2030s, £2.5 

billion in the late 2030s and reaching £3 billion/year in the 2040s. These may 

be partially offset by savings of up to £1billion/ year from the late 2020s from 

energy efficiency. 

 

We estimate that the cost to the exchequer of enabling the deep decarbonisation 

measures - fuel switching and CCS - in the Balanced Net Zero Pathway, in a way 

that protects trade-exposed subsectors, would be around £2 billion/year in 2030. 

This cost could reduce over time as policy is applied to imports and industry are 

subsequently able to pass through costs to consumers. There may also be a further 

cost to remove legacy levy control framework costs from industry power bills, 

which is not accounted for in these estimates. 

 
 
*   Where capital costs are spread over the lifetime of the investment. 

Fuel switching and CCS in 
the Balanced Pathway 
increase M&C capital and 
operating costs by £3 
billion/year in the early 
2030s. 
 

The average cost of 
abatement in the M&C 
Balanced Pathway is 
£75/tCO2e. 
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4. Electricity generation 

Introduction and key messages 
 

In this section we set out how to reduce emissions from electricity generation to 

near-zero. This will require a significant expansion of low-carbon generation, in 

particular low-cost renewables and decarbonised back-up generation, in 

conjunction with more flexible demand and use of storage. 

 

Our Balanced Net Zero Pathway decarbonises electricity generation by 2035, with 

action thereafter focused on meeting new demands in a low-carbon way. We set 

out the analysis underpinning these conclusions in the following three sub-sections: 

a) The Balanced Net Zero Pathway for electricity generation 

b) Alternative routes to delivering abatement in the mid-2030s 

c) Impacts of the scenarios: costs, investment, and co-impacts 
  

Further detail on the approach to developing the scenarios is set out in Chapter 5 

of the accompanying Methodology Report. 

 

a) The Balanced Net Zero Pathway for electricity generation 
 

Our Balanced Net Zero Pathway very largely decarbonises electricity generation 

by 2030, and decarbonises it completely by 2035, with action thereafter focused 

on meeting rising demand with low-carbon generation. 

 

The key features of the scenario are an increasing demand for electricity, 

decreasing carbon intensity of generation, and a more flexible system: 

• Increasing demand for electricity. This reflects increasing electrification of 

the economy (e.g. use of electric vehicles in transport). There is a doubling 

of demand, from around 300 TWh today to 360 TWh in 2030, 460 TWh in 

2035, and 610 TWh in 2050 (Figure 3.4.a). That excludes the production of 

hydrogen using surplus generation, which accounts for an additional 30 

TWh of electricity generation in 2035 and 120 TWh in 2050. 

• Decreasing carbon intensity of electricity generation. Carbon intensity of 

generation falls from 220 gCO2/kWh in 2019 to around 50 gCO2/kWh in 

2030, 10 gCO2/kWh in 2035, and 2 gCO2/kWh in 2050 (Figure 3.4.b).  

– Phasing out unabated fossil fuel generation by 2035. Electricity 

generation will be completely low-carbon once unabated coal and 

gas plants are no longer generating. Following the coal phase-out by 

2024, almost all remaining emissions will come from unabated gas. The 

Balanced Pathway phases out use of unabated gas by 2035, meaning 

electricity generation is completely low-carbon from that date. That is 

achievable with the cost-effective deployment of renewables, gas 

CCS, and hydrogen at scale. Chapter 5 in the Methodology Report 

sets out further detail on why this is an achievable date, and Chapter 

5 in the Policy Report sets out the policy implications. 

– Increasing variable renewables to 80% of generation by 2050. Under 

the Balanced Pathway variable renewables reach 60% of generation 

by 2030, 70% by 2035, and 80% by 2050. This generation allows new 

electricity demands to be met with minimal emissions and at low cost.  

The Balanced Pathway has a 
doubling in demand by 2050 
compared to 2019 levels. 

Electricity generation is entirely 
low-carbon by 2035. 

Renewables form the 
backbone of the electricity 
system, representing 80% of 
generation in 2050. 
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• Wind, particularly offshore, is the backbone of the system, 

providing 265 TWh of generation in 2035 and 430 TWh in 2050. That 

requires deploying 3 GW per year of new wind capacity, plus 

repowering of older sites as they reach the end of their (25-30 year) 

operating lives. 

• Solar generation increases from 10 TWh in 2019 to 60 TWh in 2035 

and 85 TWh in 2050. On average, 3 GW per year will need to be 

installed to reach this level of solar generation. 

– Dispatchable low-carbon generation. Some flexible low-carbon 

generation (e.g. gas or bioenergy with carbon capture and storage 

(CCS), or hydrogen) will be required, in particular during periods of low 

production from variable weather-dependent renewables. 

• Gas with CCS. From the second half of the 2020s, the Balanced 

Pathway sees the development of CCS infrastructure, which 

enables the deployment of gas CCS. By 2035, 30 TWh of 

generation comes from gas CCS, meeting 6% of demand. 

• Bioenergy with carbon capture and storage (BECCS). 
Development of CCS infrastructure also enables deployment of 

BECCS plants. These could provide 3% of generation by 2035. 

Although they have higher costs than other ways of generating 

electricity, these plants provide an additional benefit of removing 

carbon from the atmosphere (see Section 3.11). 

• Hydrogen can provide a flexible form of dispatchable generation 

similar to unabated gas. In the Balanced Pathway, some gas 

plants start to switch to hydrogen in the 2020s. By 2035, hydrogen 

gas plants provide 20 TWh of generation, meeting 5% of demand. 

– Nuclear. Despite retirements of existing nuclear plants in the 2020s, this 

scenario sees new nuclear projects restore generation to current levels 

by 2035. The Balanced Pathway reaches 10 GW of total nuclear 

capacity by 2035, with 8 GW of new-build capacity. 

• A more flexible electricity system will help balance out the variability in 

renewable generation. Increasing flexibility comes from both demand (e.g. 

demand-side response, and use of surplus renewable generation to 

produce hydrogen) and supply (e.g. use of electricity storage). 

– Storage. With an increasing share of variable renewables, storage can 

capture surplus energy when demand is low and provide backup 

generation when demand is particularly high.  

• The Balanced Pathway uses hydrogen as the primary source of 

storage. However, a similar role could also be performed by other 

medium-term storage technologies.  

• Pumped hydro storage offers dispatchable flexibility. Our analysis 

assumes capacity at similar levels to the currently installed 3 GW. 

However, there are already plans to develop new schemes and 

new sites have been identified which could provide an additional 

7 GW.10 

• Batteries can provide within-day flexibility. The Balanced Pathway 

assumes 18 GW of battery storage capacity by 2035. 

Dispatchable low-carbon 
generation is needed to 
balance variable renewables. 

Flexible demand is also 
important for managing the 
system. 

1130  



Chapter 3: Sector pathways to Net Zero 136 

– Flexible demand. Our analysis assumes that pre-heating and storage 

in buildings, and smart charging in transport can provide flexibility to 

the power system, by shifting electricity demand away from peak 

hours. The Methodology Report chapters on surface transport and 

buildings set out further detail on this. 

– Use of surplus electricity. The Balanced Pathway has an important role 

for electrolysers to produce hydrogen at low cost from surplus 

generation. In the Balanced Pathway 25% of hydrogen supply comes 

from electrolysis in 2035, increasing to 45% by 2050 (see Section 3.5 on 

Fuel Supply). 

– Interconnectors. Interconnections between the UK and neighbouring 

countries have a total current capacity of 6 GW.11 These allow the sale 

of surplus energy to neighbouring markets and provide access to 

resources in other countries. Under the Balanced Pathway 

interconnector capacity increases to 18 GW by 2050. However, until 

the power systems in the rest of Europe become fully decarbonised, 

there is uncertainty around the carbon intensity of imported electricity. 

 

Figure 3.4.a Electricity demand by sector in the  
Balanced Net Zero Pathway (2020-50) 

 

Source: CCC analysis. 

Notes: Other category includes agriculture, aviation, direct air capture, shipping and F-gases. 

 

 

 

Electricity demand doubles to 
2050, reflecting electrification 
of sectors across the 
economy. 
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The transition to a near-zero emission electricity system will have several phases: 

• 2020s – Deploying low-cost renewables at scale and developing the 

markets for gas CCS and hydrogen, with some new build nuclear. 

• 2030s – Transitioning to a completely low-carbon system by displacing 

unabated gas with low-carbon alternatives by 2035, alongside ramping up 

deployment of zero-carbon generation to keep pace with electrification of 

end-use sectors and increasing potential for demand-side flexibility via 

electric vehicles, heat pumps, and hydrogen production. 

• 2040s – Running a near-zero emission electricity system, with variability in 

renewable generation managed through flexible demand, medium- and 

long-term storage, and use of dispatchable low-carbon generation. 
 

The result is that generation under the Balanced Pathway is completely low-

carbon by 2035 (Figure 3.4.c) and close to zero emission before 2050. 

 

Figure 3.4.b Carbon intensity in the Balanced Net 

Zero Pathway (2010-50) 

 

Source: BEIS (2020) 2018 UK greenhouse gas emissions: final figures. BEIS (2020) 2019 UK greenhouse gas emissions: 

provisional figures; CCC analysis. 

Notes: Rate of reduction in carbon intensity accelerates from 2025, reflecting a rapid expansion of low-carbon 

generating capacity. 

 

 
 
 
 

 

There are clearly defined 
phases to the Net Zero 
transition. 

Carbon intensity in the 
Balanced Pathway falls rapidly 
in the 2020s, reflecting the 
transition to a full low-carbon 
system by 2035. 
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Figure 3.4.c Illustrative generation mix for the  
Balanced Net Zero Pathway (2020-50) 

 

Source: CCC analysis. 

Notes: Chart reflects UK electricity generation. Additional capacity is available through interconnection. Unabated 

fossil fuel generation includes coal and gas. Variable renewables include wind and solar. Firm power includes 

nuclear. Dispatchable low-carbon generation includes gas CCS, BECCS and hydrogen. 

 

 

b) Alternative routes to delivering abatement in the mid-2030s 
 
In addition to the Balanced Pathway, we have developed four exploratory 

scenarios. The overall approach to these is set out in Chapter 1. 

 

These scenarios explore alternative ways of reaching near-zero emissions from 

electricity generation over the period to 2050. They have a similar pathway for 

emissions but reflect different levels of electrification across the economy, as well 

as different technology mixes to generate that electricity. 

 

Across the exploratory scenarios, electricity demand ranges from 350 to 370 TWh in 

2030, 420 to 490 TWh in 2035, and 550 to 680 TWh in 2050 (Figure 3.4.d), compared 

to around 300 TWh today. 

 

 

 

 

 

 

 

 

 

Demand increases across all 
scenarios to 2050. 

Variable renewables form the 
backbone of the future 
electricity system, with no 
unabated fossil fuel use after 
2035. 
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Figure 3.4.d Electricity demand across the  
exploratory scenarios (2010-50) 

 

Source: BEIS (2020) Digest of UK Energy Statistics; CCC analysis. 

Notes: Excludes demand from electrolysis using surplus electricity generation. That accounts for an additional 65-

290 TWh in 2050, depending on the scenario. 

 

 

These ranges for electricity demand reflect different patterns and levels of 

electrification in other sectors: 

• Headwinds. This scenario has the least amount of electrification across the 

economy, and therefore the lowest demand level. Cars and vans are 

electrified, as in all the scenarios, and in this scenario heat and industrial 

processes in manufacturing are partially electrified, in total adding 245 TWh 

of electricity demand by 2050. 

• Widespread Engagement. In this scenario Heavy Goods Vehicles (HGVs) 

are also electrified, but a switch towards active travel and public transport 

moderates transport demand. A greater proportion of manufacturing and 

most heat energy demand is electrified. Together this leads to 310 TWh of 

new electricity demands by 2050. 

• Widespread Innovation. This is a scenario with widespread electrification, as 

a result of low electricity costs. Heating, surface transport (including HGVs), 

and manufacturing and construction electrify extensively. In addition, there 

are new demands from Direct Air Capture and to a lesser extent from 

agriculture and aviation. Overall, these sectors add 375 TWh of electricity 

demand by 2050. 

 

 

The Widespread Innovation 
scenario has the most 
extensive electrification, 
reflecting the low-cost of 
renewables in this scenario. 
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• Tailwinds. This scenario is similar to Widespread Innovation, but with a lower 

degree of electrification of heating and surface transport. There is an 

additional 315 TWh of new demand by 2050. 

 

Onto these different demand levels, we overlay scenarios for future low-carbon 

technologies. The range for carbon intensity under these scenarios is less than 50 

gCO2/kWh in 2030, 10-15 gCO2/kWh in 2035, and 1-2 gCO2/kWh in 2050. These 

compare to a carbon intensity of 220 gCO2/kWh in 2019. 

 

Decarbonisation is similar across our scenarios over the 2020s, with variable 

renewables reaching 65-70% of electricity generation in 2030. However, the pace 

of low-carbon deployment and the mix of generation technologies in the 

scenarios start to diverge after 2030 (Figure 3.4.e). Table 3.4.a sets out the key 

differences across scenarios. 

• Headwinds. This scenario has the lowest share of variable renewables in 

2050, with a greater role for dispatchable low-carbon generation and 

nuclear. 

– Past 2030, the share of renewable generation increases to around 

75%. Nuclear also meets some of the growth in the 2030s, while 

dispatchable low-carbon generation plays an increasingly important 

role, meeting 20% of demand by 2050. Unabated gas generation is 

phased out by 2040, later than in the Balanced Pathway. 

– At this level of variable renewable generation, there could be 70 TWh 

of surplus electricity production. Most of that could be used to 

produce green hydrogen, with installed electrolyser capacity of 10 

GW in 2030 and 50 GW in 2050. 

• Widespread Engagement. In this scenario there is a greater emphasis on 

variable renewables and dispatchable low-carbon generation. 

– Despite higher levels of demand, this scenario sees the renewable 

share of generation grow to 85% by 2050. Dispatchable low-carbon 

generation and nuclear play a consistent role in providing about 15% 

of generation in total. In this scenario, hydrogen plants or storage 

solutions are particularly important to ensure security of supply. 

– The surplus electricity that stems from variable generation can help 

produce 95 TWh of green hydrogen in 2050. In order to capture that 

there is 10 GW of installed electroyser capacity in 2030 and 100 GW in 

2050. 

• Widespread Innovation. This scenario has the highest share of variable 

renewable generation, reaching 90% in 2050. 

– With 90% of generation being met by variable renewables in 2050, the 

remaining 10% of generation is delivered by a mix of nuclear, gas CCS, 

BECCS, and hydrogen.  

– The high level of demand in this scenario requires high and rapid 

deployment rates for low-carbon capacity, including an average of 6 

GW per year of wind and 2 GW per year of hydrogen plant between 

2030 and 2050. 

– The high level of renewables also provides more opportunity for use of 

energy that could produce up to 180 TWh of green hydrogen in 2050. 

This would require 10 GW of electrolysers by 2030 and 95 GW by 2050. 

The Headwinds scenario has 
the lowest demand and the 
lowest share of renewables in 
2050. 

The Widespread Innovation 
scenario has the highest 
demand and the highest share 
of renewables in 2050. 
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• Tailwinds. This scenario is very similar to Widespread Innovation, with 

variable renewables making up 90% of generation in 2050, with a mix of 

low-carbon generation to balance the system. 
 

For the Sixth Carbon Budget period (2033-37), emissions from electricity generation 

across the exploratory scenarios are very low (Figure 3.4.f) and range from 23 to 35 

MtCO2e over the five years. The range largely reflects the differing dates for 

phasing out unabated gas generation. Once this happens, all electricity is from 

decarbonised sources, with any residual emissions only coming from the small 

proportion of CO2 emissions not captured at fossil CCS plants. This occurs by 2035 

across all scenarios except for Headwinds, in which it happens by 2040. 

 

Figure 3.4.e Illustrative generation mix for the  
exploratory scenarios (2035 and 2050) 

 

Source: CCC analysis. 

Notes: Chart reflects UK electricity generation. Additional capacity is available through interconnection. Unabated 

fossil fuel generation includes coal and gas. Variable renewables includes wind and solar. Firm power includes 

nuclear. Dispatchable low-carbon generation includes gas CCS, BECCS and hydrogen. 

 

 

 

 
 

 

 

 

 

 

 

Scenarios with higher 
deployment of renewables 
have greater potential for use 
of surplus generation. 
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Figure 3.4.f Emissions pathways for electricity 
generation (2010-50) 

 

Source: BEIS (2020) 2018 UK greenhouse gas emissions: final figures , BEIS (2020) 2019 UK greenhouse gas emissions: 

provisional figures; CCC analysis. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Emissions over the Sixth Carbon 
Budget Period (2033-37) from 
electricity generation are very 
low, because the system is 
entirely low-carbon by 2035. 
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Table 1.11:Table 1.11 
Table 3.4.a 
Summary of key differences in the electricity generation scenarios (2050) 

 Balanced Net 
Zero Pathway Headwinds 

Widespread 
Engagement 

Widespread 
Innovation Tailwinds 

Demand (TWh) 610 550 610 680 620 

Extent of 
electrification 

Cars & vans 
Partial heating 
Partial 
manufacturing 

Cars & vans 

Partial heating 

Partial 

manufacturing 

Cars & vans* 

HGVs 

Heating 

Partial 

manufacturing 

Cars & vans 

HGVs 

Partial heating 

Partial 

manufacturing 

DACCS 

Cars & vans* 

Partial heating 

Partial 

manufacturing 

DACCS 

Renewable 
generation & 
capacity** 

80% of total 
Wind: 125 GW 
Solar: 85 GW 

75% of total 

Wind: 90 GW 

Solar: 85 GW 

85% of total 

Wind: 130 GW 

Solar: 80 GW 

90% of total 

Wind: 175 GW 

Solar: 90 GW  

90% of total 

Wind: 160 GW 

Solar: 75 GW 

Dispatchable 
generation & 
capacity*** 

10% of total 
65 GW 

15% of total 

50 GW 

10% of total 

55 GW 

8% of total 

65 GW 

7% of total 

65 GW 

Nuclear 
capacity 

Multiple 
projects 
10 GW 

Multiple 

projects 

10 GW 

Contracted 

capacity 

5 GW 

Contracted 

capacity 

5 GW 

Contracted 

capacity 

5 GW 

Phase out of 
unabated gas 2035 2040 2035 2035 2035 

 
Source: CCC analysis 

Notes:  *Although cars and vans electrify, these scenarios see a wider use of public transportation and active travel, thus reducing overall demand. 

**Variable renewables include wind and solar, including generation for electrolysis.  ***Dispatchable low-carbon generation includes gas CCS, BECCS 

and hydrogen. These numbers do not include demand for producing hydrogen with electricity. Our scenarios produce electrolytic hydrogen using 

surplus electricity only, and with methane reformation if surplus electricity is n ot available. It does not therefore necessarily reflect an additional 

demand for electricity. 
 

 

c) Impacts of the scenarios: costs, investment, and co-impacts 
 

Our overall approach to assessing costs and benefits is set out in Chapter 5 of this 

report. This section sets out the implications for electricity generation, covering 

costs, investment requirements, and co-benefits. 

 

i) Costs 
 

We compare the costs of running the low-carbon electricity systems in our 

scenarios to the cost of running a high-carbon system (i.e. one based on unabated 

gas in the long-run). Although each scenario follows a broadly similar pathway for 

emissions, they do so with different levels of demand and different mixes of 

technologies. Both of these influence total costs: 

• Scenarios with higher levels of demand tend to have higher total costs, 

because more generating capacity and network investment is required. 

• Scenarios with more deployment of relatively expensive technologies have 

higher total costs. Table 3.4.b sets out the cost of different technologies. 
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Table 3.4.b 
Costs of generation technologies  

 2020 
£/MWh 

2035 
£/MWh 

2050 
£/MWh 

Unabated gas plant (excluding carbon price) 50 60 60 

Variable renewables 65 40-45 25-40 

Firm power - 85-105 85-105 

Dispatchable low-carbon power  - 100-205 110-220 

 
Source: CCC analysis based on BEIS (2020) Electricity Generation Costs , CCC (2018) Hydrogen Review, Wood Group (2018) Assessing the Cost 

Reduct ion Potential and Competitiveness of Novel (Next Generation) UK Carbon Capture Technology. 

Notes: Costs in 2019 prices. Costs based on a central gas price scenario. Variable renewables include wind and solar. Firm po wer includes nuclear. 

Dispatchable low-carbon generation includes gas CCS, BECCS, and hydrogen. 
 

 

Our analysis shows that a near-zero electricity system has limited additional costs in 

2035 compared to a high-carbon system (e.g. up to £3 billion). By 2050 the annual 

additional cost ranges between -£5 billion and £9 billion across the scenarios. 

• Balanced Pathway. In this scenario, there is an additional cost in 2035 of £3 

billion compared to a high-carbon system. By 2050, costs decrease with the 

uptake of relatively cheap renewables, resulting in cost savings of £5 billion. 

• Headwinds. The additional cost in this scenario is £2 billion in 2050. With the 

lowest level of demand (550 TWh) and the highest share of the most 

expensive technologies, that implies a relatively high average cost of 

generation compared to the other scenarios.   

• Widespread Engagement. In 2050 there is no additional cost for delivering 

this scenario. Despite a higher level of demand (610 TWh), this is achieved 

through a greater use of relatively cheap renewables compared to the 

Headwinds scenario. 

• Widespread Innovation. This scenario has an additional cost of £2 billion in 

2050, but with the lowest average cost of generation. Compared to the 

Headwinds scenario it meets 25% more electricity demand for the same 

total cost. 

• Tailwinds. This scenario has an additional cost of £9 billion in 2050, which is 

the highest across all of the scenarios. That reflects the higher share of more 

expensive technologies in the generation mix (e.g. BECCS), combined with 

relatively high demand. 

 

These estimates compare to an additional annual cost of £4 billion in our 2019 Net 

Zero advice for moving to a low-carbon system in 2050. Since then renewables 

costs have fallen (e.g. offshore wind costs in the Government’s latest auction were 

£45/MWh for 2025 (in 2019 prices), compared to our previous assumption of 

£50/MWh in 2050), helping to reduce overall costs and increase the share of 

renewables in the scenario generation mixes. 

 

ii) Investment 
 

Delivering our scenarios will require significant investment in deploying the low-

carbon technologies needed to reduce emissions and meet new electricity 

demands. 

 

There are limited additional 
costs of decarbonisation by 
2035, and the Balanced 
Pathway is cost-saving by 
2050. 

Costs of decarbonisation have 
reduced since our 2019 advice 
on Net Zero, reflecting a 
reduction in cost of renewable 
generation. 

The additional investment 
required to decarbonise 
electricity generation peaks in 
the 2030s at around £15 billion 
per year. 
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Figure 3.4.g shows the additional capital expenditure, and operational cost 

savings, for the Balanced Pathway compared to a high-carbon baseline. 

• The total additional capital investment required (compared to a high-

carbon system) rises to around £15 billion in 2035 and £5 billion in 2050.  

– Investment requirements peak in the 2030s, and are lower in the 

following period as costs of low-carbon technologies fall. 

– These investment costs include the additional cost of strengthening 

the electricity network to accommodate higher levels of demand. 

These costs make up around 30% of the total on average. 

– Capital investment in electricity generation helps avoid operational 

costs in other sectors, as those sectors electrify. 

• Total costs are lower than investment costs, given the significantly lower 

operational costs of running low-carbon technologies (i.e. renewables 

have no fuel input costs). The Balanced Pathway saves £10 billion in 

operational costs in 2050 compared to the high-carbon baseline. 

 

Overall, by 2050 the operational cost savings under the Balanced Pathway more 

than offset the additional investment required in electricity generation. 

 

 

 

 

  

This capital investment is more 
than offset by the operational 
cost savings it enables. 
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Figure 3.4.g Additional investment requirements 
For electricity generation in the Balanced Net  

Zero Pathway (2020-50) 

 

Source: CCC analysis. 

Notes: Chart shows additional capital and operational expenditure in the Balanced Net Zero Pathway compared 

to a high-carbon baseline. 

 

 

 

  

Capital investment peaks in 
the 2030s and by 2050 is more 
than offset by operational cost 
savings. 
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iii) Co-impacts 
 

Reducing emissions in line with our scenarios will bring a range of co-benefits: 

• Air quality. Switching from use of unabated fossil fuel for electricity 

generation to zero-carbon generation (i.e. variable renewables, nuclear) 

will help improve air quality, given these have no emissions. In addition, 

there will be wider improvements in air quality through the electrification of 

buildings, transport, and industry.12 

• Electricity prices. Policy should ensure that electricity prices are cost-

reflective (i.e. they reflect the low cost of adding low-carbon capacity and 

account for any system costs they impose), so that barriers to electrification 

are reduced and electricity consumers benefit from cost reductions in 

these technologies. That could include moving some costs away from 

electricity bill payers and onto general taxation, including for legacy costs 

of early renewables deployment. Chapter 6 sets out our analysis on energy 

bills. 

• Industrial opportunities and Just Transition. The investment required to 

expand renewable generation, and to develop new markets in CCS and 

hydrogen, will help create new opportunities for firms, exports, and jobs. A 

strong signal from Government on the long-term pathway for these new 

sectors will help give industry and investors confidence to undertake the 

long-term investments required to unlock these benefits. 

– Exports. There is a significant opportunity for the UK to export 

engineering expertise, components, and services to the rapidly 

growing EU and global market for offshore wind. Similar opportunities 

would exist for CCS, where the UK is well placed to develop this 

industry, and hydrogen. 

– Just Transition and employment. New offshore wind, hydrogen and 

CCS industries could help support the Government’s ‘levelling up’ 

agenda through investment in regional economies, and by providing 

new jobs. A recent Policy Exchange study13 estimated these could 

lead to a net gain of 40,000 direct jobs, plus more across the wider 

supply chain. 

 

Further detail on the economy-wide co-benefits of the transition to Net Zero is set 

out in Chapter 5. 

  

There could be significant co-
benefits from decarbonising 
power, including for air quality, 
electricity prices, exports, and 
jobs 
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5. Fuel supply 

Introduction and key messages 
 
Our Balanced Net Zero Pathway for Fuel Supply involves a transition from 

producing 1,100 TWh of fossil fuels and 170 TWh of bioenergy in 2018 to producing 

425 TWh of low-carbon hydrogen and bioenergy in 2050, for sectors of the 

economy that are likely to use fuels, rather than electricity. Production of fossil fuels 

will be much lower by 2050. 

 

Recent cost reductions for renewables mean that electrolytic hydrogen plays a 

greater role than in our previous work, especially after 2035. However, there is an 

important role for hydrogen produced from fossil gas with CCS in the medium term 

to enable applications for hydrogen to grow as necessary.  

 

Bioenergy resources increase in line with expanding UK production of forestry 

residues and perennial energy crops, with a wholesale shift to use with CCS 

accelerating during the 2030s. 

 

The Balanced Pathway also requires action to reduce emissions from the remaining 

fossil fuel supply (the main source of Fuel Supply emissions) by 75% by 2035 from 

2018 levels. Mitigation actions include fuel switching, CCS and technologies to 

reduce methane flaring, venting and leakage. 

 

The analysis draws on new consultancy work from Element Energy, existing 

bioenergy resource work from our 2018 Biomass in a low-carbon economy report, 

and aligns with our new waste resource assumptions from the Waste sector 

(section 9). Further details are set out in our Methodology Report. 

 

This section is split into three sub-sections: 

a) The Balanced Net Zero Pathway for Fuel Supply 

b) Alternative pathways to delivering abatement and fuel supplies 

c) Scenario impacts 

 

a) The Balanced Net Zero Pathway for Fuel Supply 
 

The Balanced Net Zero Pathway includes actions to i) reduce emissions from Fuel 

Supply, which mainly derive from fossil fuel supply ii) scale up hydrogen supply to 

enable decarbonisation in other sectors iii) provide bioenergy to other sectors 

while managing sustainability and achieving negative emissions. 

 

i) Decarbonising fuel supply  
 
Our Balanced Net Zero Pathway requires fossil fuel supply emissions to be reduced 

by 75% by 2035 from 2018 levels. While the Fuel Supply emissions category is 

dominated by emissions from fossil fuel supply, there are also some new emissions 

arising from future production of low-carbon hydrogen fuel.* This is reflected by the 

emissions wedge from hydrogen production above the baseline in Figure 3.5.a.  

 

 
*   Existing UK high-carbon hydrogen production for use as an industrial feedstock is included within our manufacturing 

sector. Our Fuel Supply sector contains low-carbon hydrogen to be used as a fuel. 

Growth in UK forestry and 
perennial energy crops is 
needed to supply sustainable 
biomass across the economy. 

Renewable electrolysis plays 
an increasingly important role 
in hydrogen supply, with CCS 
important in the medium term. 

The Balanced Pathway also 
requires action to reduce 
emissions from the remaining 
fossil fuel supply. 

1143  



149 Sixth Carbon Budget – The path to Net Zero 

Figure 3.5.a Sources of abatement in the 
Balanced Net Zero Pathway for the fuel supply 

sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: New hydrogen supply arising due to climate mitigation policy increases emissions relative to the baseline, so 

emissions appear above the baseline. As a result the Balanced Net Zero Pathway appears slightly above the 

bottom of the lowest wedge of emissions abatement. The biomethane abatement reflects biomethane use 

displacing residual natural gas use across the economy, not only in the fuel supply sectors. This means that the 

lowest emissions wedge drops slightly below zero in 2050. 

 

 

In this report, we have also accounted for abatement from the additional use of 

biomethane to displace fossil gas across the economy.* After accounting for 

hydrogen production and biomethane abatement, our Balanced Pathway for the 

whole Fuel Supply sector requires emissions to be reduced by around 80% by 2035 

from 2018 levels (Figure 3.5.a). 

 

The emissions from fossil fuel supply include those directly from oil refining, oil and 

gas production, oil and gas processing terminals, gas transmission and distribution 

networks and open and closed coal mines (see Methodology report for further 

details).Oil refineries emissions are abated through reduced oil demand, CCS and 

energy efficiency improvements. 

• Fuel switching away from petroleum across the economy, such as in 

surface transport, is the largest emissions reduction action. This reduces oil 

refining in the UK and the associated emissions by 5 MtCO2e/year by 2035. 

(Figure 3.5.a). 

 

 
*   While we have aggregated biomethane abatement and included this all within Fuel Supply, in practice the 

biomethane would abate emissions within the sectors where the use of fossil gas is displaced by biomethane.  

Refinery output will fall as a 
result of decarbonisation in the 
transport sector. Remaining 
refinery sites can be largely 
decarbonised. 

In our pathway, emissions from 
fossil fuel supply are reduced 
by 75 % by 2035 from 2018 
levels, through fuel switching, 
CCS and reduction of 
methane flaring, venting and 
leakage. 
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• CCS is the main emissions reduction measure for the remaining emissions 

from oil refineries, with 1.5 MtCO2e/year of abatement in 2030, 3 

MtCO2e/year in 2035 and 4.5 MtCO2e/year in 2040. Energy efficiency 

measures also reduce emissions by 0.5 MtCO2e/year in 2035. 

 

Emissions from oil and gas production, predominantly from offshore platforms and 

from onshore processing terminals, are decarbonised mainly by fuel switching and 

measures to reduce methane flaring and venting: 

• Electrification of offshore platforms and processing terminals contributes 5 

MtCO2e/year of abatement in 2035. This involves 4 MtCO2e/year of 

electrification of compressors and generators on oil and gas platforms, 

which requires connecting the platforms to either the onshore electricity 

grid or offshore wind generation. The remaining 1 MtCO2e/year of 

electrification is at oil and gas processing terminals. These actions start in 

the mid-2020s, with some action electrification of platforms assumed to 

occur within our baseline. 

• Use of hydrogen plays a smaller role in the fossil fuel abatement pathways, 

providing 1 MtCO2e/year of abatement across platforms and terminals. 

• Measures to reduce methane flaring and venting, such as capturing the 

gas and selling it, and switching from venting to flaring (where safety 

requires at least one or the other) save 1.5 MtCO2e/year in 2030 and 1 

MtCO2e/year in 2035. 

 

Methane leaks from the gas distribution and transmission networks are reduced in 

the Balanced Pathway using a combination of Leakage Detection and Repair 

(LDAR) technologies and continuous monitoring technologies, resulting in 3.5 

MtCO2e/year in 2035. 

 

Other abatement measures in the fuel supply Balanced Pathway include 0.5 

MtCO2e/year of abatement in 2035 from a variety of resource efficiency measures 

across the economy and 1.5 MtCO2e/year of abatement from the use of 

biomethane to displace fossil gas in the gas grid. 

 

The largest sources of remaining emissions from fossil fuel supply in 2050 is from 

closed coal mines (0.4 MtCO2e/year). From the wider Fuel Supply sector, there is 

also 1 MtCO2e/year remaining from hydrogen production in 2050. 

 

ii) Low-carbon hydrogen supply 
 

The role for the hydrogen supply sector is to enable decarbonisation in other 

sectors while managing costs and wider energy system impacts. Hydrogen 

appears to be essential for reaching Net Zero, but it is important for it to be 

focused on the applications of highest value, where electrification is less feasible, 

and for it to be produced in a low-carbon way.  

 

Hydrogen demands in the Balanced Pathway start growing in the second half of 

the 2020s, before strong growth over the period 2030 to 2045. Manufacturing, 

shipping (as ammonia), and back-up power generation are the largest three 

sectors in terms of demand, with smaller contributions from other sectors including 

buildings and surface transport. 

 

 

 

 

 

Emissions from oil and gas 
production can be reduced 
by measures including 
increased electrification and 
reduced venting and flaring of 
gas. 

Monitoring systems are 
important to catch methane 
leaks from the gas network 
quickly. 

Low-carbon hydrogen will 
mainly be used in 
manufacturing, shipping and 
back-up power. 
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Figure 3.5.b Hydrogen demands in the Balanced 
Net Zero Pathway 

 
Source: CCC analysis. 

Notes: Demand in shipping is likely to be as ammonia rather than compressed hydrogen. Demand given is for H2 

produced in the UK or for imports of H2. Imports of ammonia (used in shipping) and imports of synfuels (used in 

aviation) are not included, but on a H2 feedstock basis would equate to another 23 and 5 TWh respectively by 

2050 (i.e. 18 TWh of ammonia and 2.6 TWh of synfuels). 

 

In the Balanced Net Zero Pathway, hydrogen production is from a mix of supply 

routes, with differing contributions over time: 

• Electrolysis:  

– The relatively low costs of variable renewables, especially offshore 

wind, make it attractive to err on the side of ‘over-building’ renewable 

capacity relative to electricity demands, which generates a surplus of 

generation at some points of the year. Some of this generation that 

would otherwise be curtailed is then used to produce hydrogen, 

providing extra value from the renewable capacity.  

– However, over the period to 2035 the volumes of electrolytic hydrogen 

are constrained by how much renewable capacity can be built and 

contribute economically to meeting demands for electricity as well as 

hydrogen. Electrolysis comprises 21% of hydrogen supply by 2035, but 

this rises to 44% by 2050 as costs fall and supply constraints ease. 
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Hydrogen is supplied to UK 
users from a mix of renewable 
electrolysis, fossil gas with CCS, 
bioenergy with CCS, and 
imports. 

Hydrogen starts being used at 
scale in the late 2020s, 
ramping up significantly to 
2045. 
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• Fossil gas with CCS: Reformation of fossil gas with CCS is capable of 

producing low-carbon hydrogen at scale. However, it is not zero-carbon, 

with lifecycle emissions savings of up to 85% relative to unabated fossil 

gas.14 So, while reforming of fossil gas with CCS is important in establishing a 

mass market for hydrogen, providing around 60% of hydrogen supply by 

2035, it falls into more of a supporting role by 2050, providing 32% of 

hydrogen supply. The smaller share for hydrogen from fossil gas in 2050 limits 

emissions from the production process and upstream emissions from fossil 

gas supply. 

• Bioenergy with CCS (BECCS): Biomass undergoes gasification to produce 

biohydrogen, with the biogenic CO2 being captured and stored. This route 

provides 5% of supply by 2035 and 11% by 2050. 

• Imports: In the Balanced Pathway, imports of hydrogen made from 

renewable electrolysis abroad amount to 13% of total hydrogen 

consumption by 2050. There are also further imports of renewable ammonia 

used for shipping, and imports of synthetic jet fuel used for aviation. 

 

Figure 3.5.c Hydrogen supply in the Balanced 

Net Zero Pathway 

 
Source: CCC analysis. 

Notes: This only includes H2 produced in the UK, or imports of H2. Imports of ammonia and synfuels are not plotted, 

but on a H2 feedstock basis would equate to another 23 TWh and 5 TWh respectively by 2050 (i.e. 18 TWh of 

ammonia and 2.6 TWh of synfuels). 
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Hydrogen made from fossil gas 
with CCS will have an 
important supply role, 
particularly in the 2030s while 
electrolysis ramps up. 

Hydrogen made from 
bioenergy with CCS can also 
provide negative emissions. 

The contribution of electrolysis 
increases over time, but 
reforming of fossil gas with CCS 
has an important transitional 
role. 
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iii) Bioenergy supply 
 

Sustainable bioenergy is essential for reaching Net Zero. Given resource supply 

limitations, it must be used in those applications with the highest GHG savings 

(those with CO2 sequestration and/or displacement of high carbon alternatives).  

 

By 2050, the large majority (85%) of bioenergy will need to be used with CCS, 

achieving negative emissions, across electricity generation, industrial heating, 

biohydrogen production, biofuel production and waste incineration (Figure 3.5.d).  

 

Figure 3.5.d Bioenergy and waste use in the 
Balanced Net Zero Pathway 

 

Source: CCC analysis. 

Notes: These values are TWh/yr HHV, given as the starting CCC ‘Primary’ bioenergy and waste resources, i.e. solid 

biomass, gaseous biogas, liquid bioethanol and waste biodiesel, and solid wastes. There are minor differences 

between these total supply estimates and the total use estimates due to manufacturing and energy from waste 

modelling approximations.  

 

In the Balanced Pathway, bioenergy production occurs via a mix of supply routes, 

with differing contributions over time (Figure 3.5.e). A number of these routes 

involve CCS, with further details of the GHG removals involved given in section 11: 

• Solid biomass. Domestic and imported biomass feedstocks are supplied 

directly (without conversion) to the Power, Manufacturing & Construction, 

Residential & Non-residential Buildings and Agriculture sectors. Use of solid 

biomass in combustion boilers phases out in Buildings and Agriculture by the 

early 2040s. Manufacturing & Construction continues to use biomass, with a 

gradual decline over time, and with a small amount also used with CCS by 

2050.  

 

Sustainable bioenergy supply 
limitations mean that GHG 
savings from the use of 
biomass must be maximised. 

Biojet and biohydrogen are 
significant growth markets for 
bioenergy with CCS. Biomass 
power transitions to with CCS 
starting in the late 2020s. 

The majority of UK bioenergy 
supplies are currently solid 
biomass feedstocks. Use in 
building heating and 
unabated power plants will 
phase out. 
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Use in unabated biomass power plants quickly phases out in the late 2020s, 

while use in power with CCS starts to slowly ramp-up from the late 2020s (via 

retrofits and newbuild BECCS plants) to reach significant levels by 2040, 

providing 4% of electricity generation. Biomass imports comprise 21% of 

total bioenergy & waste supplies by 2050. 

• Biohydrogen. Solid biomass feedstocks are gasified then converted into 

hydrogen, with CCS. Deployment starts in 2030, and ramps-up as described 

in section ii) above. 

• Biojet. Solid biomass feedstocks are gasified then converted into aviation 

biofuel, with CCS. Starting from the mid-2020s, this route ramps-up to meet 

11% of aviation fuel demand by 2050. In addition, waste fats/oils are 

converted into biojet, with a transition from biodiesel in the 2030s, with their 

use alongside limited biojet imports ultimately meeting 6% of aviation 

demand by 2050. 

• Biodiesel. Solid biomass feedstocks are gasified then converted into 

biodiesel, with CCS. Starting from the mid-2020s, this route increases 

production to meet 2% of car/van diesel demand by the early 2030s, and 

10% of HGV/bus diesel demand by 2040. As liquid fuel volumes fall in each 

road transport mode, these plants transition to focus on biojet production. 

Biodiesel made from waste fats/oils in existing facilities, and imports, 

continue to supply 3% of road diesel. There is some additional use in off-

road machinery and agricultural equipment ramping up to the early 2030s, 

before phasing out by 2040. 

• Heating biofuels. A range of liquid biofuels made from biomass (with CCS) 

or from waste fats/oils can be used for home heating, including bio-LPG 

and biokerosene amongst other options. Starting from the mid-2020s, use of 

bioliquids ramps up to 5 TWh/year in the 2040s, supplying hybrid heat pump 

systems situated in homes off the gas-grid. 

• Bioethanol. Arable crops are fermented into bioethanol in existing facilities. 

After the 2021 increase of bioethanol blended into petrol (to 10% by 

volume, 7% by energy), supplies stay at this % of road petrol use. 

• Biomethane & biogas. Biogas produced from anaerobic digestion of food 

waste, sewage sludge & animal manures, plus captured landfill gas, can 

be upgraded to biomethane for gas grid injection, along with the capture 

of biogenic CO2 for sequestration. Biomethane injection more than trebles 

by 2030 from today’s levels. Biogas also continues to be used in Power and 

Manufacturing, although its use declines in the near-term with the fall in 

landfill gas. Combined, these routes could displace 10% of fossil gas in 2050. 

• Residual waste. After re-use & recycling, any residual waste volumes not 

exported or landfilled are predominantly incinerated in energy from waste 

plants, with some small use in Manufacturing. All energy from waste plants 

fit CCS by 2050, to capture the fossil and biogenic CO2 emissions resulting 

from the mixed fossil/biogenic waste fractions. 

  
 
 

 
 
 

 
 
 

 

Waste fats/oils currently used 
for road transport biodiesel will 
transition to biojet during the 
2030s. 

Biodiesel has a potential 
transitional role in HGVs and 
buses, but over time will 
increasingly focus on biojet for 
aviation. 

Biomethane & biogas could 
displace up to 10% of UK gas 
demand, and biomethane 
injection into the gas grid more 
than trebles in the next 10 
years. 
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Figure 3.5.e Bioenergy and waste supply in the  
Balanced Net Zero Pathway 
 

 

Source: CCC analysis. 

Notes: These values are TWh/yr HHV, given as the starting CCC ‘Primary’ bioenergy and waste resources, i.e. solid 

biomass, gaseous biogas, liquid bioethanol and waste biodiesel, and solid wastes. The dashed line shows the 

supply available to the UK were the UK to, in all years, use all of its fair share in the globally traded sustainable 

resource.  

 
 

b) Alternative pathways to delivering abatement and fuel supplies 
 

Our Fuel Supply scenarios i) set out different abatement pathways; ii) present a 

variety of hydrogen supply mixes; and iii) use different allocations of bioenergy for 

each end use sector. 

 

i) Decarbonising fuel supply 
 

The four exploratory pathways contain similar emissions abatement measures 

(concentrated in fossil fuel supply) to the Balanced Pathway. There could however 

be a greater role for hydrogen in the reducing emissions from offshore platforms 

and onshore processing terminals than reflected in the scenarios. Decarbonisation 

of emissions from increased onshore petroleum production, such as shale gas, is 

considered in our Widespread Innovation Scenario. 

 

The pace of decarbonisation differs slightly between scenarios, as a result of 

different future energy prices, supply-chain capacities and the varying levels of 

hydrogen production (Figure 3.5.f). 

 

 

 

Hydrogen could play a role in 
decarbonising oil and gas 
platforms. 

Imports are expected to go 
negative (i.e. the UK becomes 
a net biomass exporter) for a 
few years around 2030 if 
unabated biomass power 
plants close down faster than 
BECCS power plants start 
operating. 
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Figure 3.5.f Emissions pathways for the fuel supply 
sector 
 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

 

 

ii) Low-carbon hydrogen supply 
 

Low-carbon hydrogen demands vary considerably across the exploratory 

scenarios, with a range for total demand in 2050 of 160-375 TWh/year (Figure 3.5.g). 

This reflects different mixes of decarbonisation solutions being applied in the end-

use sectors, with the role in buildings heating particularly contributing to the upper 

end of demand. Hydrogen is also used in Direct Air Capture with CCS or synthetic 

jet fuel production in the Widespread Innovation and Tailwinds scenarios.  

 

Based on our assessment of available supply routes for hydrogen and the 

challenges they face, our scenarios for hydrogen demand are considerably lower 

than could be the case if hydrogen were used in all conceivable uses across the 

energy system (e.g. exceeding 800 TWh in 2050 compared to 225 TWh in the 

Balanced Pathway). 

 

This is due to limits on scaling up further the contributions on hydrogen supply from 

electrolysis (e.g. due to build rates for zero-carbon capacity and costs) and from 

BECCS (i.e. due to finite bioenergy supplies) – as a result, higher hydrogen demand 

would be likely to lead to much greater dependence on reforming fossil gas with 

CCS. In turn, this would increase residual emissions from hydrogen production and 

fossil fuel production, as well as increasing reliance on CCS and imported fossil gas. 

 

Our exploratory scenarios 
have a wide range for low-
carbon hydrogen use in 2050, 
due to end-use sector choices. 

The rate of progress 
decarbonising Fuel Supply 
since the 1990s to today needs 
to continue until the 2040s. 
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Figure 3.5.g Sectoral hydrogen demands in 2050 
 

 
Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Demands in shipping is likely to be as ammonia rather than compressed hydrogen. Demand given is for H2 

produced in the UK or for imports of H2. Demands for imports of ammonia (for shipping) and imports of synfuels (for 

aviation) are not included. 

 
The mix of hydrogen supply routes that meet these demands also vary, depending 
on total hydrogen demand, technology costs and the development of the 

electricity system. High demand for low-carbon hydrogen leads to a higher 
contribution from fossil gas with CCS, whereas more renewables on the grid leads 
to more electrolysis (Figure 3.5.h): 

• In Headwinds, low-carbon hydrogen demand is relatively high (around 375 

TWh in 2050). This is primarily due to the high demand from buildings, which 

is around half of the total. The role of variable renewables on the electricity 

grid is lower than in other scenarios, which limits the role of electrolysis in 

2050 to 13% of supply. There are also relatively modest roles for BECCS (11%) 

and imports (14%). As a result of the higher demand, there is an increased 

role for hydrogen supply from reforming of fossil gas (63%), leading to a 

relatively high reliance on fossil gas imports and CCS. 

• In Widespread Engagement, low-carbon hydrogen demand is relatively low 

(around 160 TWh/year in 2050). Electrolysis supply follows a similar path to 

the Balanced Pathway, but due to the lower level of total hydrogen 

demand, electrolysis plays a bigger relative role in this scenario, meeting 

59% of supply by 2050. However, there is an important role for fossil gas with 

CCS, especially in the transition, which contributes 34% of supply in 2035 

and falls to 18% in 2050. Imports are also 23% in 2050, and there is no BECCS 

hydrogen assumed in this scenario. 
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Scenarios demanding a lot of 
low-carbon hydrogen use 
more fossil gas with CCS, 
whereas scenarios with lots of 
renewables on the grid use 
more electrolysis. 
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• Widespread Innovation has a similar overall level of low-carbon hydrogen 

demand (233 TWh/year in 2050) as in the Balanced Pathway, as low-cost 

renewables enable electrification to outcompete hydrogen across a 

number of applications. However, the high share of low-cost variable 

renewables in the power system also means that electrolysis is particularly 

cost-effective compared to other low-carbon hydrogen supply options, 

and so electrolysis contributes strongly to UK supply (76% by 2050). Again, 

there is an important role for fossil gas with CCS in the transition, which 

provides 46% of supply in 2035 before falling into a back-up role supplying 

just 5% in 2050. The contribution of BECCS hydrogen production rises to 9% 

by 2050, and imports supply 10%. 

• Tailwinds is similar to the Widespread Innovation scenario by 2050, although 

it has significantly higher total hydrogen demand in earlier years, peaking 

at just over 250 TWh at the point this scenario reaches Net Zero in the early 

2040s. Electrolysis dominates the supply mix again, reaching 59% by 2050, 

with BECCS supplying much of the rest (26%). Due to the more rapid uptake 

of hydrogen in the period to 2035, fossil gas with CCS plays a crucial 

transitional role, supplying 66% of hydrogen in 2035 before falling into a 

back-up role of 2% by 2050. Imports provide 12% of supply in 2050. 

 

Figure 3.5.h Hydrogen supply in 2050 across  
the scenarios 
 

 
Source: CCC analysis. 

Notes: This only considers H2 produced in the UK, or imports of H2. Imports of ammonia and synfuels are not plotted. 
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Low cost renewables on the 
grid leads to cheaper 
electrolysis but also cheaper 
electrification of end use 
sectors. Electrolysis can 
dominate hydrogen supplies 
by 2050. 

Scenarios with a very rapid 
uptake in demand for low-
carbon hydrogen will rely on 
fossil gas with CCS in the 
transition. 
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iii) Bioenergy supply 
 

Demands for bioenergy and waste vary considerably across the exploratory 

scenarios, with a range for total primary bioenergy supplies used in 2050 of 210-390 

TWh/year (before any further conversion within the Fuel Supply sector). This reflects 

different mixes of feedstocks, conversion technologies and end-use solutions, with 

the role of BECCS power and BECCS hydrogen contributing to the largest 

differences between the scenarios. 

 

Figure 3.5.i Bioenergy and waste use in 2050  
across the scenarios 
 

 

Source: CCC analysis. 

Notes: These values are HHV, given as the starting CCC ‘Primary’ bioenergy and waste resources, i.e. solid biomass, 

gaseous biogas, liquid bioethanol and waste biodiesel, and solid wastes. 

 
 

Domestic bioenergy compromises the large majority of our supply estimates, with 

biomass imports only contributing significantly to the higher supply scenarios. The 

mix of domestic bioenergy and waste supplies that meet these demands also vary: 

• In the Headwinds scenario, bioenergy demand is relatively high. The role of 

variable renewables in electricity is lower than in other scenarios, allowing a 

larger role for BECCS power, and high hydrogen use allows a large role for 

BECCS hydrogen. Less waste prevention & recycling also leads to more use 

in energy from waste. By 2050, 42% of total supply is from biomass imports. 

 

 

Our exploratory scenarios 
have a wide range for 
bioenergy use by 2050, due to 
different assumptions on 
supply availabilities. 

The largest differences 
between the scenarios are 
due to differing use in BECCS 
power, hydrogen and energy-
from-waste. 

Domestic feedstocks have a 
larger role than biomass 
imports, which only contribute 
significantly in high bioenergy 
demand scenarios. 
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• In Widespread Engagement, bioenergy demand is low. Due to lower 

hydrogen demand, there is no role for BECCS hydrogen. Waste prevention 

and recycling, and allocation to jet production, results in low use in energy 

from waste plants. By 2050, 25% of total supply comes from biomass imports, 

with very limited uptake of domestically grown perennial energy crops. 

• The Widespread Innovation scenario has less hydrogen demand across the 

economy, and very high levels of low-cost renewable electricity, resulting in 

more modest roles for BECCS power and BECCS hydrogen by 2050. There is 

earlier use of biomass gasification to biomethane, before these plants 

transition to biohydrogen and retrofit CCS from the mid-2030s. This scenario 

relies heavily on domestically grown perennial energy crops, making up 

36% of total supply by 2050, and biomass imports phase out by 2050. 

• The Tailwinds scenario combines the most ambitious elements of the above 

three scenarios, with the high biomass imports from Headwinds (providing 

40% of total supply by 2050), the high deployment of domestically grown 

perennial energy crops in Widespread Innovation (providing 23% of total 

supply by 2050), and ambitious action on waste prevention & recycling as 

in Widespread Engagement. The result is significantly more biomass 

available for BECCS power and hydrogen. As in Widespread Innovation, 

there is also a transitional role for biomass gasification to biomethane. 

 

Figure 3.5.j Bioenergy and waste supply in 2050  

across the scenarios 
 

 

Source: CCC analysis. 

Notes: These values are HHV, given as the starting CCC ‘Primary’ bioenergy and waste resources, i.e. solid biomass, 

gaseous biogas, liquid bioethanol and waste biodiesel, and solid wastes. There are minor differences between 

these total supply estimates and the total use estimates due to manufacturing and energy from waste modelling 

approximations. MSW = Municipal Solid Waste. C&I = Commercial and Industrial. 

Waste could be used in jet fuel 
production instead of 
generating electricity in 
energy-from-waste plants. 

Biomass imports can be 
phased out by 2050 if UK 
supplies of forestry and 
perennial energy crops are 
expanded significantly. 

Across our scenarios, biomass 
imports make up between 0% 
and 42% of total supply. The 
Balanced Pathway has 21%. 
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c) Scenario impacts 
 

The Balanced Pathway will incur additional financial costs in the Fuel Supply sector 

associated with reducing emissions from fuel supply, and the production of low-

carbon fuels. Essential to this transition from fossil fuel production to low-carbon fuel 

production, is a just transition for workers in the declining fossil fuel sectors (see 

Chapter 6). 

 

We estimate the annualised cost of the Balanced Pathway for decarbonising 

(mainly fossil) fuel supply to be around £1 billion /year in 2030, peaking just below 

£2 billion/year in 2040 before declining to £1 billion/year in 2050s. In 2035, this 

represents an average cost of abatement across all measures of around 

£70/tCO2e. The costs of producing hydrogen and bioenergy supply are accounted 

for in abatement costs in those sectors in which the hydrogen and bioenergy are 

used to reduce emissions. 

 

Figure 3.5.k sets out the capital and operational costs across the Fuel Supply sector. 

This includes the capital and operating costs of low-carbon fuels – these costs are 

also accounted for in the operational fuel costs paid for by sectors that use low-

carbon fuels (e.g. shipping, aviation, manufacturing). 

 

Figure 3.5.k Additional capital and operating 
costs for the fuel supply sector in the Balanced 

Net Zero Pathway 
 

 

Source: CCC analysis. 

Notes: Hydrogen supply wedges also account for costs associated with production of ammonia and synthetic 

fuels. Opex costs are positive in the fuel supply sector. 

 

 

We estimate the annualised 
cost of our Balanced Pathway 
to decarbonise fossil fuel 
supply is around £1 billion/year 
in 2030. 
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Investment costs for hydrogen supply result from development of hydrogen 

storage and network infrastructure, plus investment in electrolysis and fossil gas with 

CCS capacity. Overall capital investment for hydrogen supply increases to around 

£4 billion/year by the 2040s, with operating costs peaking at around £4 billion/year 

during the 2040s. 

 

These hydrogen supply cost wedges include the investment and operating costs 

for new ammonia (for shipping) and synthetic jet fuel (for aviation) production 

facilities, that use some of the low-carbon hydrogen produced in the Fuel Supply 

sector. In the Balanced Pathway, building UK ammonia plants will require capital 

investment of around £400 million/year in the early 2030s and early 2040s, and UK 

synthetic jet fuel plants will require investment of £250 million/year by 2040. 

 

There is also a share of ammonia and synthetic jet supplied via imports (25% 

assumed for both sectors in the Balanced Pathway). These imports are assumed to 

be produced from renewable electrolysis and air separation/direct air capture, 

and this fuel cost is only counted in the relevant end-use sectors. 

 

Investment costs for bioenergy supply result from the construction of new biojet, 

biodiesel, heating bioliquids, biomethane and biohydrogen conversion facilities. 

These are capital intensive, as well as having significant ongoing operating costs 

due to biomass feedstock costs. However, the added costs of installing CCS onto a 

biofuel/biohydrogen plant are generally modest, given the availability of high 

concentration CO2 streams at these facilities.  

 

Bioenergy conversion plant investment costs peak at £670 million/year around 

2030, due to this being the fastest period of growth in these bioenergy facilities, 

before falling to £200 million/year by 2050. Operating costs, including biomass 

feedstock costs, ramp-up over time to reach £2.8 billion/year by 2050. On both 

capital and operating metrics, biojet and biohydrogen conversion plants 

dominate these bioenergy fuel supply costs. 

 

 

  

Ammonia and synthetic jet 
fuel plants will require 
significant investment, and 
local low-cost hydrogen 
sources. 

Bioenergy conversion costs 
within the Fuel Supply sector 
are dominated by 
biohydrogen and biojet routes. 

Low-carbon hydrogen supply 
investment costs are 
dominated by storage and 
network costs. 
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6. Agriculture and land use, land-use change and forestry 

Introduction and key messages 
 
Combined agriculture and land greenhouse gas (GHG) emissions were 67 MtCO2e 

in 2018, which could fall to 40 MtCO2e by 2035 in our Balanced Net Zero Pathway. 
Annual savings total 25 MtCO2e when compared to emissions in the Business as 
Usual scenario in 2035 (Figure 3.6.a). By 2050 residual emissions reach 16 MtCO2e 

under the Balanced Pathway but fall to Net Zero by 2047 in the Wider Innovation 
and Tailwinds scenarios.  
 

Delivering this transition requires a transformation in the use of land. Around 9% of 
agricultural land will be needed for actions to reduce emissions and sequester 
carbon by 2035 with 21% needed by 2050.* Improvements in agricultural 

productivity and a trend towards healthier diets are key to releasing land for 
afforestation, peatland restoration and bioenergy crops.  
 

Investment of £1.5 billion per year by 2035 will be required to implement the 
necessary changes, but there will be co-benefits for health and recreation, air 
quality, flood alleviation and biodiversity. 

 
Our analysis balances the need to reduce emissions from land with other essential 
functions of land including maintaining food production and adapting to climate 

impacts. We draw on our previous reports,15 new modelling work by the Centre for 
Ecology and Hydrology (CEH) on land-based pathways,16 and Scotland’s Rural 
College (SRUC)17 on options to reduce agricultural emissions as well as extensive 

literature reviews and stakeholder engagement. 
 
The rest of this section is set out in five parts: 

 

a) The Balanced Net Zero Pathway for agriculture 

b) Alternative routes to reducing agriculture emissions  

c) The Balanced Net Zero Pathway for the land use sector 

d) Alternative routes to reducing land use emissions 

e) Scenario impacts: costs, benefits and co-impacts on society  

 

 

 

 

 

 

 

 

 
 
*   Rises to 11% and 23% when including land for settlement growth. 

Land is a critical natural asset 
providing a range of essential 
goods and services as well as 
carbon storage. 
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Figure 3.6.a GHG savings from measures to  
Reduce agriculture and land use emissions, 

2035 (MtCO2e) 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; Centre for Ecology and 

Hydrology (2020); CCC analysis. 

Notes: ‘Other’ forestry and energy crops is the additional savings elsewhere in the economy by displacing fossil 

fuels with biomass material. These are annual savings compared to emissions in the baseline in 2035. Numbers are 

rounded.  

 

a) The Balanced Net Zero Pathway for agriculture  
 

Agricultural emissions were 54.6 MtCO2e in 2018, 10% of UK greenhouse gas 

emissions (GHGs). Completely decarbonising the agricultural sector is not possible 

(on current understanding) due to the inherent biological and chemical processes 

in crop and livestock production. However, there are options to reduce these 

emissions covering behaviour change, productivity improvements and the take-up 

of low-carbon farming practices. Our analysis starts with the assumption that land is 

prioritised for housing and other economic activity and food production before 

climate objectives. We estimate that sectoral emissions could fall to 39 MtCO2e in 

2035, and to 35 MtCO2e by 2050 in the Balanced Pathway (Figure 3.6.b.).* 

• Low-carbon farming practices. We commissioned SRUC to assess the 

abatement potential from measures to reduce emissions from soils (e.g. 

grass leys and cover crops), livestock (e.g. diets and breeding) and waste 

and manure management (e.g. anaerobic digestion). These reduce 

agricultural emissions by 4 MtCO2e in 2035. This takes account of the 

interaction with other actions, notably diet change, which reduces the 

abatement potential of these measures over time (Table 3.6.a).  

 
 
*   All abatement savings are in reference to GHG emissions under the Business as Usual (BAU) scenario in that year.  

Our scenarios assume land for 
food and housing objectives 
are met first. 
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• Fossil fuel use in agriculture. Currently 18 TWh of fossil fuels are used in 

agricultural vehicles, buildings and machinery, resulting in emissions of 4.6 

MtCO2e. Options to decarbonise fossil fuel use are similar to those in surface 

transport, off-road machinery in industry and commercial buildings. These 

cover electrification, biofuels, hydrogen and hybrid vehicles. Our Balanced 

Pathway assumes biofuels and electrification options are taken-up from the 

mid-2020s and hydrogen from 2030, reducing emissions to 2 MtCO2e in 

2035.  

• Measures to release land. Changes in consumer and farmer behaviour can 

release land from agriculture while maintaining a strong food production 

sector. We considered five measures that could release land covering 

societal changes and improvements in agricultural productivity. Our 

analysis implies that these five measures could reduce annual agricultural 

GHG emissions by 8 MtCO2e by 2035, rising to just over 11 MtCO2e by 2050, 

with diet change the most significant: 

– Diet change. Our Balanced Pathway involves a 20% shift away from 

meat and dairy products by 2030, with a further 15% reduction of meat 

products by 2050. These are substituted with plant-based options. This 

is within range of the Climate Assembly’s recommendations for a 20-

40% reduction in meat and dairy consumption by 2050.18 Our pathway 

results in a reduction in livestock numbers and grassland area, 

delivering annual abatement of 7 MtCO2e by 2035, rising to nearly 10 

MtCO2e by 2050. 

– Food waste. We assume food waste is halved across the supply chain 

by 2030 in line with the Waste and Resources Action Programme’s 

(WRAP) UK Food Waste Reduction Roadmap. This would reduce UK 

emissions by almost 1 MtCO2e in 2035. 

– Productivity improvements. There is scope for further abatement from 

measures to increase agricultural productivity, which in our Balanced 

Pathway could reduce emissions by 1 MtCO2e in 2035 and 2050. These 

cover crops and livestock: 

• Improving crop yields without the need for additional inputs such 

as fertiliser and pesticides can be achieved through improved 

agronomic practices, technology and innovation while taking 

account of climate impacts. Our Balanced Pathway assumes that 

wheat yields increase from an average of 8 tonnes/hectare 

currently to 11 tonnes/hectare by 2050 (with equivalent increases 

for other crops).  

• Stocking rates for livestock can be increased through improving 

productivity of grasslands and management practices such as 

rotational grazing. Evidence suggests there is scope to sustainably 

increase stocking rates in the UK.19 

– Moving horticulture indoors. Shifting 10% of horticulture production 

indoors under a controlled environment reduces the carbon, nutrient, 

land and water footprint.  

 

Delivering emissions reduction should not be at the expense of increasing food 

imports that risk ‘carbon leakage’. Therefore, both production and consumption of 

the highest carbon foods need to fall.  

Deep emissions reduction in 
agriculture and land cannot 
be achieved without changes 
in the way land is used in the 
UK 

Productivity improvement in 
agriculture through innovation 
and better agronomy are vital.  
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Our analysis assumes that the same proportion of UK food demand is met by UK 

food production in 2050 as is the case currently.* The carbon footprint of the UK’s 

imported food would also fall, with the change in diets reflected in reduced 

imports of meat and dairy products. Policy will need to be carefully designed to 

ensure that risks of carbon leakage are avoided (see the accompanying Policy 

Report: Policies for the Sixth Carbon Budget & Net Zero). 

 

Figure 3.6.b Sources of abatement in the  
Balanced Net Zero Pathway for the agriculture  

sector 
 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; SRUC (2020); CCC analysis. 

 

b) Alternative routes to reducing agriculture emissions  
 

We explore alternative pathways for transitioning to Net Zero by varying the 

deployment rate, timing and ambition of the measures outlined above. We also 

consider other options that could emerge over time, given investment in R&D and 

innovation as well as wider public acceptability for options that require behaviour 

change (Table 3.6.a).  

 

The alternative pathways deliver annual emissions savings ranging between 9–19 

MtCO2e by 2035 relative to the baseline. Apart from the Headwinds scenario, these 

deliver higher GHG savings than the 13 MtCO2e in the Balanced Pathway (Figure 

3.6.c).  

 
 
*   Taking account of the nutritional composition of different food after diet change. 
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• Low-carbon farming measures. We assume the take-up of measures associated 

with changing farming practices (e.g. planting cover crops, livestock health 

measures and feeding cattle a high starch diet) is highest in the Widespread 

Engagement scenario, and take-up of more innovative options (e.g. 3NOP 

additives, GM cattle, and breeding) is highest in Widespread Innovation. 

However, there is relatively little difference in emissions savings across these 

scenarios, which vary from 4 MtCO2e in Widespread Engagement to 5 MtCO2e 

under Headwinds by 2035. 

• Agricultural machinery. While the mix of technologies differ across the 

pathways, they all achieve the same level of abatement by 2050. Which 

technologies emerge will depend on technology development and costs. 

• Measures to release land. Among the measures to release land, moving diets 

away from the most carbon-intensive foods delivers the highest emissions 

savings. A higher or lower willingness to act on changing diets, reducing food 

waste and productivity improvements could change emissions relative to the 

Balanced Pathway:  

– Under the Widespread Engagement scenario, a greater shift away 

from meat and dairy (e.g. a 50% switch by 2050) and a greater 

willingness to act on food waste results in additional GHG savings of 2 

MtCO2e in 2035. 

– In the Widespread Innovation scenario, we assume that technology 

develops lab-grown meat for the market, such that 30% of the higher 

level of diet shift is towards lab-grown meat rather than plant-based 

alternatives. This results in 5 MtCO2e additional GHG savings by 2035.  

– In the Headwinds scenario we assume a 20% shift away from meat 

and dairy products is achieved by 2050 instead of 2035. There is no 

further reduction in food waste beyond the 50% target reached in 

2030. This results in 6 MtCO2e lower GHGs savings in 2035 than the 

Balanced Pathway.  

– Crop breeding (e.g. development of new cultivars /traits) could lead 

to higher yields (e.g. to 13 tonnes/hectare for wheat by 2050). Higher 

livestock stocking densities on permanent grassland releases around 

0.8 million more hectares of land out of agricultural production under 

the Widespread Innovation and Tailwinds scenarios compared with 

the Balanced Pathway. These result in 1 MtCO2e additional GHG 

savings in 2035.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Implementing low-carbon 
practices offers some emissions 
reduction but is not enough for 
Net Zero.   
 
 

Diet change away from meat 
and dairy offers the biggest 
potential to release 
agricultural land for other uses. 
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Figure 3.6.c Emissions pathways for the  
agriculture sector 
 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; SRUC (2020); CCC analysis. 
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Table 3.6.a 

Summary of key differences in the agriculture sector scenarios 

 Balanced Net 
Zero 

Headwinds Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds 

Behaviour 
change and 
demand 
reduction 

 

Medium level: 
20% cut in meat 
and dairy by 
2030, rising to 
35% by 2050 for 
meat only. All 
replaced with 
plant-based; 
and 
 
Medium level: 
50% cut in food 
waste by 2030, 
60% by 2050. 
 

Low level:  

20% shift away 

from all meat 

types and dairy 

products to all 

plant-based by 

2050; and  

 

 

Low level: 50% 

fall in food 

waste by 2030, 

with no further 

reduction. 

High level:  

50% less meat 

and dairy by 

2050. All 

replaced with 

plant-based; 

and 

 

 

 

High level: 50% 

fall in food 

waste by 2030, 

70% by 2050. 

High level: 

50% less meat 

and dairy by 

2050 with 30% of 

meat replaced 

with lab-grown 

meat.  

 

 

 

Medium level: 

50% cut in food 

waste by 2030, 

60% by 2050. 

Diet change 

aligned to 

Wider 

Innovation. 

  

 

 

 

 

 

Food waste 

reduction 

aligned to 

Widespread 

Engagement. 

 

Other land 
release 
measures 

 

Aligned to 
Headwinds. 

Medium level 

for increasing 

average crop 

yields, livestock 

stocking rates 

on grassland 

and shifting 

horticulture 

indoors. 

 

Medium level 

for increasing 

average crop 

yields and 

shifting 

horticulture 

indoors.  

 

Low level for 

increasing 

livestock 

stocking rates 

on grassland. 

 

High level for 

increasing 

average crop 

yields, livestock 

stocking rates 

on grassland 

and shifting 

horticulture 

indoors. 

Aligned to 

Widespread 

Innovation. 

Low-carbon 
farming 
practices 

 

Aligned to 
Headwinds. 

Lower uptake: 

50-75% for both 

behavioural 

and innovation 

measures. 

 

High uptake of 

behavioural 

measures 60-

80%; and lower 

uptake 50-75% 

for innovative 

measures. 

 

High uptake of 

innovation 

measures 60-

80%; and lower 

uptake 50-75% 

for behavioural 

measures. 

Aligned to 

Widespread 

Innovation. 

Agricultural 
machinery 
 

Aligned to 
Headwinds. 

Mix of 

electrification, 

hydrogen and 

later phase-out 

of biofuels. 

 

Focus on 

electrification 

and biofuels. 

Hydrogen, 

electrification 

and biofuels. 

Aligned to 

Widespread 

Innovation. 
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c) The Balanced Net Zero Pathway for the land use sector  
 

Land sector emissions were 12.8 MtCO2e in 2018, equivalent to 2% of UK GHG 

emissions. The land-based measures in the Balanced Pathway could deliver annual 

savings (against a baseline) of 12 MtCO2e in 2035, and 30 MtCO2e by 2050, moving 

the sector to a net sink of 19 MtCO2e by 2050 (Figure 3.6.d). Further emissions 

reduction could be delivered in other sectors from the use of biomass material e.g. 

in displacing fossil fuels or when used with Carbon Capture and Storage (CCS). Key 

measures to achieve this are: 

• Afforestation. Scaling up afforestation rates to 30,000 hectares a year by 

2025 in line with the UK Government’s commitment, rising to 50,000 

hectares annually by 2035. This would increase woodland cover from 13% 

of UK land area to around 18% by 2050*, with a mix of tree types that focus 

on broadleaves. This could deliver annual savings of over 2 MtCO2e in 2035 

and 12 MtCO2e in 2050. It is important that the right tree is planted in the 

right place. Decisions on tree planting should take account of biophysical 

suitability of different species, projected climate impacts and other 

constraints and uses of land.  

• Peatlands. Full restoration of upland peat by 2045 (or stabilisation if 

degradation is too severe to restore) and re-wetting and sustainable 

management of 60% of lowland peat by 2050. These would deliver annual 

saving of nearly 6 MtCO2e by 2035 and around 10 MCO2e by 2050.  

• Energy crops. Planting perennial energy crops (e.g. miscanthus and short-

rotation coppice) alongside short rotation forestry needs to accelerate 

quickly to at least 30,000 hectares a year by 2035, so that 700,000 hectares 

are planted by 2050. This could sequester 2 MtCO2e by 2035 and over 6 

MtCO2e by 2050. When used with Carbon Capture and Storage (CCS) 

technologies this could displace a further 3 MtCO2e of GHG emissions 

elsewhere in the economy by 2035, increasing to 10 MtCO2e by 2050.  

• Other land measures. Increasing on-farm diversification with the integration 

of trees on 10% of farmland and extending the length of hedgerows by 40% 

by 2050. Together with better woodland and hedge management, these 

could increase annual carbon removals by over 1 MtCO2e by 2035 and by 

nearly 3 MtCO2e in 2050.  

 

Our analysis balances the need to reduce land-based emissions with other 

essential functions of land. The Balanced Pathway sets out a desirable and 

achievable level of ambition across all options. Together, our measures result in 

more land released out of agriculture than is required and choices will need to be 

made on how to use this land: 

• The Balanced Pathway requires 9% of land to be released from agriculture 

for measures that reduce emissions and sequester carbon by 2035, rising to 

a fifth by 2050.† This rises to 11% and almost a quarter when taking account 

of land needed for settlement growth by 2035 and 2050 respectively.  

• The measures we identify to release land result in 2 million more hectares 

than is required by our scenarios by 2035. 

 

 

 
*   Total woodland area increases to 18.6% if we include the 15% open ground area assumed in the afforestation 

target.  

†   A further 1% of non-agricultural land that is forested peat and peat extraction sites is also restored by 2035. 

Planting 50,000 hectares a 
year would increase 
woodland cover from 13% to 
18% of UK land area by 2050. 

As well as carbon sequestration 
peatlands provide other vital 
services such as water regulation, 
flood protection and habitats for 
wildlife. 
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• Choices on how this additional land could be used include less-intensive 

farming (e.g. agroecology farming), measures to deliver deeper emissions 

reduction (e.g. more tree planting) and conversion to other uses (e.g. 

wildflower meadows and natural regeneration) to deliver wider 

environmental benefits. The GHG impacts of these options are not included 

in our scenarios due to the lack of robust evidence on the abatement 

potential (see Chapter 7 of the Methodology Report). 
 

Figure 3.6.d Sources of abatement in the  
Balanced Net Zero Pathway for the LULUCF  

sector 
 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; Centre for Ecology and 

Hydrology (2020); CCC analysis. 

 

d) Alternative routes to reducing land use emissions 
 

We explore different pathways for emissions by varying key factors such as roll-out 

rates of land-based measures, timings of behavioural measures and technological 

progress impacting productivity (Table 3.6.b). These exploratory scenarios lead to 

both lower and higher ambition compared to the Balanced Pathway (Figure 

3.6.e): 

• The Widespread Engagement scenario assumes that higher ambition on 

diet change and food waste reduction can be achieved with greater 

societal engagement. This allows for a higher level of woodland creation of 

70,000 hectares by 2035.  

Natural regeneration and 
biodiverse habitat creation 
can be part of the picture, but 
work is needed to understand 
the carbon impacts. 

There are choices in the type 
of woodland planted but 
these need to take account 
of local topography and 
other objectives for land. 
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In this scenario we also assume that tree planting is focused on more 

biodiverse woodlands (e.g. higher broadleaf mix) over productive forestry 

and planting of energy crops is reduced to a third. This results in 1 MtCO2e 

more GHG emissions in 2035 compared to the Balanced Pathway. 

• The Widespread Innovation scenario is characterised by technological 

solutions, increasing yields of food crops, trees and energy crops and a 

doubling in the planting rate of energy crops. Compared with the 

Balanced Pathway, this results in 4 MtCO2e additional emissions savings in 

2035. 

• The Headwinds scenario assumes less progress on behavioural change to 

release land and the same ambition on technological progress on yields 

and productivity measures. There is lower ambition on afforestation, with 

30,000 hectares per year in the 2030s, and peatland, with 50% less lowland 

peat rewetted by 2035. This results in residual emissions that are 3 MtCO2e 

higher in 2035.  

 

• Tailwinds delivers faster progress on behaviour change, technological 

improvement and more ambition on converting agricultural land to the 

planting of all types of biomass. Emissions are 6 MtCO2e lower by 2035 

compared with the Balanced Pathway.  

 

Figure 3.6.e Emissions pathways for the LULUCF 

sector 
 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; Centre for Ecology and 

Hydrology (2020); CCC analysis. 
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These scenarios draw out potential choices that society could make on how far to 
change current consumption patterns, the types of trees planted and use of 
innovation and technology:  

• Diet change. A higher ambition on switching away from meat (e.g. 28% by 

2035) would release around a fifth more land out of agricultural production 

than in the Balanced Pathway. This allows for increased afforestation, trees 

on-farm, and the planting of energy crops. The differing levels of ambition 

for each are explored in the Widespread Engagement and Widespread 

Innovation scenarios.   

• CCS. The roll-out of CCS elsewhere in the economy could determine how 

land could be used. Bioenergy crops used with CCS deliver more GHG 

savings than standing forest alone (see Methodology report). If widespread 

CCS is needed more land will be required for energy crops (e.g. 60,000 

hectares per year by 2035) with a focus on improving energy crop yields 

(Widespread Innovation). Where the ambition for CCS is low (the 

Widespread Engagement scenario), energy crop planting is just 10,000 

hectares by 2035, with a greater emphasis on afforestation.  

• Afforestation in the Widespread Engagement and Widespread Innovation 

scenarios achieves similar levels of annual sequestration by 2050 (around 15 

MtCO2e) but differences in afforestation rates and planting regimes drive 

different cumulative sequestration rates to 2050: 

– The Widespread Engagement scenario has the highest level of 

afforestation (70,000 hectares a year from 2035), and societal 

preference for more biodiverse woodlands results in lower planting 

density and a higher mix of broadleaves. This pathway sequesters 149 

MtCO2e cumulative GHGs by 2050. This rises to 155 MtCO2e when 

Including use of harvested material elsewhere in the economy.* 

– The Wider Innovation scenario is focused on delivering more 

productive forestry, resulting in higher planting density and a higher 

proportion of conifers with higher yields. These factors offset the lower 

planting rates (50,000 hectares a year from 2030), sequestering 178 

MtCO2e to 2050. This rises to 182 MtCO2e when including emissions 

abated by using harvested material in other sectors.  

 

Table 1.11:Table 1.11 
Table 3.6.b  
Summary of key differences in the LULUCF sector scenarios 

 Balanced Net 
Zero Pathway 

Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds Headwinds 

Afforestation 30,000 
hectares/year 
by 2025 then 
rising to 50,000 
hectares by 
2035.  
 
 
 
 
 

70,000 

hectares/year 

by 2035, low 

yields, greater 

mix towards 

broadleaf 

 

 

 

 

50,000 

hectares/year 

by 2030. High 

yields, high mix 

of conifers 

70,000 

hectares/year 

by 2035, high 

yields. 

30,000 

hectares/year 

by 2035. 

 
 
*   Based on the harvest material from the planting of new broadleaves only. 

If bioenergy with CCS is not 
needed it is better to plant 
trees than bioenergy crops. 
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Peatlands Aligned to 
Widespread 
Engagement. 

All upland peat 

restored by 

2045. 40% 

lowland 

cropland 

rewetted & 35% 

sustainably 

managed. 

All upland peat 

restored by 

2045. 25% 

lowland 

cropland 

rewetted & 50% 

sustainably 

managed.  

Aligned to 

Widespread 

Engagement. 

All upland peat 

restored by 

2050. 20% 

lowland 

cropland 

rewetted & 30% 

sustainably 

managed. 

Energy crops Aligned to 
Headwinds. 

Low energy 

crop planting 

(0.23 million 

hectares by 

2050) and 

yields. 

High energy 

crop planting 

(1.4 million 

hectares by 

2050) and 

yields. 

Aligned to 

Widespread 

Innovation. 

Medium energy 

crop planting 

(0.7 million 

hectares by 

2050) and 

yields. 

Notes: Land release measures are the same as in Table 3.6.a 

 

e) Scenario impacts 
 

In this section we set out estimates of the costs and benefits of delivering the 

Balanced Pathway in agriculture and land use. Our assessment is that private costs 

exceed private benefits by £1.7 billion in 2035. Wider societal benefits of £0.1 billion 

in 2035 could be delivered from improved air filtration, flood alleviation, health and 

recreation. There are likely to be further environmental benefits (e.g. biodiversity 

and water quality) but we have been unable to quantify these.  

 

Costs and benefits  
 

Our assessment of costs and benefits updates work we commissioned from Vivid 

Economics20 and SRUC. It covers all private costs and benefits and wider social 

benefits of increased recreation, improved air quality, improved health and flood 

alleviation. Wider environmental impacts on biodiversity and water quality are 

assessed qualitatively.  

Delivering the Balanced Pathway will require significant up-front investment in 

trees, bioenergy crops, peatland restoration and peat management and for some 

agricultural measures such as AD plants, zero-carbon machinery and livestock 

breeding. Some of this will be offset by revenues from harvested materials. It will 

require a scaling up of supply chains and investment in training, skills and R&D to 

overcome non-financial barriers.  

• The Balanced Pathway requires net investment of £1.5 billion in 2035, with 

£1.4 billion in the land sector and £0.1 billion for agricultural measures. 

Woodland creation and energy crops are the most significant (Figure 3.6.f).  

• On-going operating costs are associated with managing woodlands and 

hedges, harvesting biomass from trees and energy crops, maintenance of 

peatlands and on-going costs for zero-carbon fuels and farming practices. 

These are estimated at £0.3 billion in 2035.  

• These are partly offset by revenues from the sale of harvested products 

from energy crops, existing broadleaf woodlands and thinnings from the 

planting of new trees, estimated at £0.1 billion in 2035.  

• Addressing non-financial barriers for many of these options include 

widespread information around new practices, re-skilling, and tenancy 

issues for tenant farmers. More innovative options (e.g. improved crop 

varieties and use of hydrogen) will require R&D and market 

commercialisation to bring these to market. 

 

Significant investment and 
scaling up forestry and 
bioenergy sectors are needed 
to meet Net Zero. 
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Figure 3.6.f Net investment costs in the Balanced 
Net Zero Pathway 
 

 

Source: CCC analysis. 

 
 
Wider social and environmental impacts 
 
We estimate that the social benefits of land-based measures will contribute around 

£0.1 billion per year to the UK economy by 2035, rising to £0.6 billion per year by 

2050 in the Balanced Pathway. The largest of these is recreation benefits from 

increased use of woodlands (74%), physical health benefits from exercising in the 

natural environments (14%), air filtration from increased natural vegetation, 

primarily trees near urban areas and flood risk alleviation from woodland creation 

in the upper catchments of rivers. There are also impacts on biodiversity and water 

quality which have not been possible to quantify. These are detailed in the 

Methodology Report.  
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Societal benefits take time to 
scale up but can deliver £0.6 
billion by 2050 in benefits to 
people and the environment. 

1170  



Chapter 3: Sector pathways to Net Zero 176 

7. Aviation 

Introduction and key messages 
 
Aviation is one of the sectors in which we expect there to be significant remaining 

positive emissions by 2050, given the limited set of options for decarbonisation. 

Remaining residual emissions will need to be offset by greenhouse gas removals 

(see section 11) for the sector to reach Net Zero. 

 

The evidence base on how to achieve GHG savings in aviation in the UK relies on 

internal modelling from DfT, Climate Assembly UK demand scenarios and internal 

CCC analysis of sustainable aviation fuel costs. Further details are provided in the 

Methodology Report. 

 

We present the scenarios for aviation emissions in three parts: 

a) The Balanced Net Zero Pathway for aviation 

b) Alternative pathways for aviation emissions  

c) Investment requirements and costs 

 

a) The Balanced Net Zero Pathway for aviation 
 

In the Balanced Net Zero Pathway, the aviation sector returns to close to pre-

pandemic demand levels by 2024. Thereafter, emissions gradually decline over 

time (Figure 3.7.a) to reach 23 MtCO2e/year by 2050, despite modest growth in 

demand. 

 

This gradual reduction in emissions is due to demand management, improvements 

in efficiency and a modest but increasing share of sustainable aviation fuels: 

• Demand management. The Balanced Net Zero Pathway does allow for 

some limited growth in aviation demand over the period to 2050, but 

considerably less than a ‘business as usual’ baseline. We allow for a 25% in 

growth by 2050 compared to 2018 levels, whereas the baseline reflects 

unconstrained growth of around 65% over the same period. We assume 

that, unlike in the baseline, this occurs without any net increase in UK airport 

capacity, so that any expansion is balanced by reductions in capacity 

elsewhere in the UK. 

• Efficiency improvements. The fuel efficiency per passenger of aviation is 

assumed to improve at 1.4% per annum, compared to 0.7% per annum in 

the baseline. This includes 9% of total aircraft distance in 2050 being flown 

by hybrid electric aircraft. 

• Sustainable aviation fuels (SAF) contribute 25% of liquid fuel consumed in 

2050, with just over two-thirds of this coming from biofuels* and the 

remainder from carbon-neutral synthetic jet fuel (produced via direct air 

capture of CO2 combined with low-carbon hydrogen, with 75% of this 

synthetic jet fuel assumed to be made in the UK and the rest imported). 

 

 

 
*   Biofuels are assumed to be produced with CCS on the production plant – overall carbon-negative but assumed to 

have zero direct CO2 emissions in aviation. Removals are accounted for in section 11. 

The Balanced Pathway has 
25% growth in demand by 
2050 compared to 2018 levels, 
but with no net expansion of 
UK airport capacity. 

A quarter of jet fuel by 2050 is 
made from sustainable low-
carbon sources. 
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Figure 3.7.a Sources of abatement in the  
Balanced Net Zero Pathway for the aviation  

sector 
 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

 

 

Demand management plays 
a critical role in ensuring GHG 
emissions continue to 
decrease, particularly while 
efficiency benefits and SAF 
take time to scale up. 
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b) Alternative pathways for aviation emissions 
 
Each of our exploratory scenarios for aviation sees emissions fall from 2018 to 2050 

by more than 35% (Figure 3.7.b), though with different contributions from efficiency 

improvements, sustainable fuels and constraints on demand (Table 3.7):  

• Headwinds assumes the same 25% growth in demand from 2018 to 2050 as 

in the Balanced Pathway, although with higher demand in the 2030s due to 

a net increase in airport capacity. Improvements in efficiency are as in the 

Balanced Pathway, while biofuels comprise 20% of the fuel mix by 2050. 

Emissions are 25 MtCO2e in 2050, 36% below 2018 levels. 

• Widespread Engagement has lower demand, with an overall reduction of 

15% on 2018 levels and therefore around half the 2050 demand as in the 

baseline. This is in line with the Climate Assembly UK’s ‘flying less’ scenario. It 

includes a substantial reduction in business aviation due to widespread 

near-term adoption of videoconferencing. Efficiency improvements are 

slightly faster than those in the Balanced Pathway at 1.6% per annum, while 

the share of biofuels in 2050 is slightly lower at 20%, with a further 5% 

contribution from the biogenic fraction of waste-based fuels.* Emissions in 

2050 are 15 MtCO2e, 62% below 2018 levels. 

• Widespread Innovation has a greater contribution from technological 

performance, both in terms of improved efficiency (2.1% per annum) and 

the contribution of sustainable aviation fuels. By 2050, around a quarter of 

fuel use is biofuel, with a further quarter carbon-neutral synthetic jet fuel. 

These technical improvements lead to a lower carbon-intensity and lower 

cost of aviation, although demand in this scenario is considerably higher, 

reaching 50% above 2018 levels by 2050 (in line with the Climate Assembly 

UK’s ‘technological change’ scenario). Emissions in 2050 are 15 MtCO2e, 

63% below 2018 levels. 

• In Tailwinds, the reductions in demand under Widespread Engagement are 

combined with the technology improvements in Widespread Innovation. 

Demand in 2050 is 15% below 2018 levels and efficiency improves at 2.1% 

per annum. Very similar volumes of sustainable fuels are used as in 

Widespread Innovation, but when applied to the lower fuel consumption in 

Tailwinds these comprise a higher combined share of 95% of fuel use. 

Emissions in 2050 are 1 MtCO2e, 97% below 2018 levels. 

 

In each case, for the aviation sector to reach Net Zero by 2050, the remaining 

emissions will need to be offset with greenhouse gas removals (see section 11).  

 

In addition to the GHG emissions presented here, aviation also has non-CO2 

warming impacts due to contrails, NOx emissions and other factors. While outside 

of the emissions accounting framework used by UK carbon budgets (see Chapter 

10), we estimate the additional warming from these non-CO2 effects in section 4 of 

Chapter 8. 

 

 

 

 

 

 
*   Waste-based fuels save less CO2 than biofuels, due to approximately half of the waste carbon content being of fossil 

origin. Only the biogenic fraction of wastes save CO2 compared to fossil jet fuel. 

Widespread Innovation 
assumes much higher demand 
growth is possible, due to rapid 
technology development. 

Widespread Engagement 
assumes lower demand in 
2050 than in 2018, due mainly 
to reduced business travel. 
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Figure 3.7.b Emissions pathways for the aviation  
sector 
 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Only direct CO2, CH4 and N2O combustion emissions in aviation are shown. ‘Non-CO2 impacts’ are excluded. 

 

 

Table 3.7 
Summary of key differences in the aviation scenarios 

 Balanced 
Pathway 

Headwinds Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds 

Demand growth to 2050 (vs. 
2018) 

+25% +25% -15% +50% -15% 

Efficiency improvements 
(%/year) 

1.4% 1.4% 1.6% 2.1% 2.1% 

Biofuel share in 2050 17% 20% 20% 26% 51% 

Bio-waste fuel share in 2050 - - 5% - - 

Synthetic jet fuel share in 2050 8% - - 25% 44% 

 

 

 

 

 

 

COVID-19 has had a dramatic 
impact, and all scenarios 
remain under 2019 emissions 
levels. Tailwinds is able to 
almost completely 
decarbonise by 2050. 
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c) Investment requirements and costs 
 
In our 2019 Net Zero report, we identified aviation as one of the sectors with cost-

effective GHG savings, given that efficiency gains could offset the added costs of 

sustainable aviation fuels. Our updated Sixth Carbon Budget pathways estimate 

the full costs and savings involved: 

• In the Balanced Net Zero Pathway we estimate total added investment 

costs above our baseline of around £390 million/year in 2035 and £570 

million/year in 2050, for efficiency improvements and hybridisation (Figure 

3.7.c). 

• However, these added investment costs are offset by operational cost 

savings of around £1,230 million/year in 2035 and £2,750 million/year in 

2050. There are also added operational costs of using sustainable aviation 

fuels, given their additional cost above fossil jet fuel, of £470 million/year in 

2035, and £1,520 million/year in 2050 (Figure 3.7.d). We have not assigned 

any costs or savings to reductions in demand in our scenarios. 

 

Figure 3.7.c Breakdown of aviation sector 

additional investment 
 

 

Source: CCC analysis. 

Notes: Additional investment in Balanced Net Zero Pathway compared to the baseline, due to higher costs of more 

efficient aircraft. No costs or savings have been assumed for reductions in demand vs. the baseline trajectory. No 

military aviation cost data available. 

 

 

 
 
 

 

The capital costs of improved 
aircraft efficiency are more 
than offset by fuel savings. 
Sustainable aviation fuels add 
significant costs. 
 

International aviation 
dominates UK aviation 
emissions and investment. 
 

1175  



181 Sixth Carbon Budget – The path to Net Zero 

• Reducing GHG emissions from UK domestic and international aviation is 

therefore expected to cost between -£90 and -£40/tCO2e abated in 2035, 

and between -£30 and +£20/tCO2e abated by 2050.* There are increases 

over time due to higher aircraft costs, and the higher share of GHG savings 

from biofuels and more expensive synthetic jet fuel. In earlier years, 

efficiency gains significantly outweigh added fuel costs. 

• As an example of costs for passengers, sustainable aviation fuels priced 

with marginal GHG removals might add £35 to a return ticket from London 

to New York in 2050 in the Balanced Pathway, minus £21 of fuel savings 

from improved efficiency.* If full decarbonisation were paid for using GHG 

removals to offset residual emissions, this may add a further £41, giving a 

net added cost of £56. 

• The cost of GHG savings in military aviation is based only on the use of 

biofuels and synthetic jet, and falls to around £110/tCO2e abated in 2035, 

staying at around this level to 2050 in the Balanced Pathway. 

 

Figure 3.7.d Breakdown of aviation sector 

additional costs 
 

 

Source: CCC analysis. 

Notes: Additional operational costs in Balanced Net Zero Pathway compared to the baseline, due to higher costs 

of sustainable aviation fuels and costs savings from improved efficiency. No costs or savings have been assumed 

for reductions in demand vs. the baseline trajectory. No military aviation cost data for efficiency savings available. 

 
 
*    International aviation is typically at the lower end of this cost range, and domestic aviation at the upper end. 

Efficiency costs are -£280 to -£135/tCO2e, and SAF costs are £110/tCO2e on average. 

*   Based on ICAO (2020) Carbon Emissions Calculator current value of 671 kgCO2 per passenger, economy return. In 

2050, 243 kgCO2 is saved via efficiency, 108 kgCO2 directly via sustainable aviation fuels, with 89 kgCO2 saved 

upstream from biogenic CO2 sequestration, leaving a further 230 kgCO2 to be offset via other GHG removals. 

£180/tCO2 is assumed for residual offsetting and marginal SAF costs (based on Direct Air Capture with CCS). 

Paying for a fully zero-carbon 
flight, via the use of GHG 
removal offsets, will be 
affordable by 2050. 
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8. Shipping

Introduction and key messages 

In this section, we set out pathways for how UK domestic shipping plus the UK’s 

share of international shipping can be reduced to close to zero by 2050, largely 

through the use of zero-carbon fuels such as ammonia. 

The evidence base on how to decarbonise shipping in the UK relies on UMAS 

modelling for the DfT’s Clean Maritime Plan and internal CCC analysis of zero-

carbon fuel costs. Further details are provided in the Methodology Report. 

We present the scenarios for shipping emissions in three parts: 

a) The Balanced Net Zero Pathway for shipping

b) Alternative pathways for shipping emissions

c) Investment requirements and costs

a) The Balanced Net Zero Pathway for shipping

In the Balanced Net Zero Pathway, the shipping sector returns to pre-pandemic 

demand levels in 2022. Thereafter, emissions hold relatively flat to 2030, before 

reducing to close to zero by 2050 (Figure 3.8.a). This reduction in emissions goes 

well beyond the current International Maritime Organisation (IMO) target for a 

reduction of 50% in global shipping emissions by 2050 from 2008 levels. We assume 

that shipping serving the UK will adopt the zero-carbon fuels required to meet the 

global target, but on an accelerated timetable.  

The emissions reductions in our scenarios result from some acceleration in 

efficiency improvements and electrification relative to baseline forecasts, together 

with a wholesale shift to zero-carbon fuels between 2030 and 2050: 

• Efficiency and electrification. Total fuel use is assumed to increase by an

average of only 0.9% per annum, compared to 1.2% per annum in the

baseline. By 2050, 3 TWh/year of electricity is used in electric propulsion and

shore power, compared to 0.2 TWh/year in the baseline.

• Zero-carbon fuels comprise the large majority (87%) of the emissions savings

from shipping. In our scenarios, this is assumed to be ammonia, due to the

potential to retrofit ship engines, and its higher energy density compared to

hydrogen and battery electric options. 75% of this ammonia is assumed to

be produced in the UK, using low-carbon hydrogen (see section 5), with the

remainder imported (made abroad using renewable electrolytic

hydrogen). Commercial deployment starts in 2030, with domestic shipping

decarbonising faster than international shipping.

Although it is likely that there would be some reduction in shipping emissions in the 

transition to 2050 due to a reduction in shipping demand associated with importing 

fossil fuels (see section 5), we have not included this effect in our analysis. The 

emissions in the Balanced Net Zero Pathway therefore err on the side of being too 

high. 

Ships will increasingly plug into 
the power grid while at port. 

Zero-carbon fuels start being 
used in shipping at scale from 
2030. 
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Figure 3.8.a Sources of abatement in the  
Balanced Net Zero Pathway for the 
shipping sector 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; UMAS (2019) modelling for DfT’s 

Clean Marit ime Plan; CCC analysis. 

b) Alternative pathways for shipping emissions

Our assessment of the shipping sector is that there is clear potential to reduce 

emissions to close to zero by 2050 though use of carbon-free fuels, for example 

through adoption of ammonia produced via low-carbon methods. Consistent with 

the emerging evidence (see the accompanying Methodology Report, Chapter 9), 

we assume that the vast majority of existing ship types and sizes can be retrofitted 

to burn ammonia. 

Each of our exploratory scenarios for shipping sees emissions fall to close to zero by 

2050 (Figure 3.8.b), though with different timings for the introduction of zero-carbon 

fuels: 

• Headwinds has the same emissions and transition to zero-carbon fuels as in

the Balanced Pathway.

• Widespread Engagement assumes a more back-ended pathway for

uptake of zero-carbon fuels in the 2040s, due to higher assumed ammonia

costs.

• Widespread Innovation and Tailwinds both assume widespread adoption of

zero-carbon fuels in the period 2030 to 2040, due to the lower costs of fuel

production from low-cost renewable energy.

Shipping can almost 
completely decarbonise by 
the late 2040s, due to the use 
of zero-carbon fuels across 
almost all the UK fleet. 

It is possible to retrofit UK 
shipping and fully roll-out zero-
carbon fuels within 10 years, 
instead of 15-20 years. 

Waiting to deploy zero-carbon 
fuels until 2040 comes with 
higher sector emissions in the 
interim. 
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Figure 3.8.b Emissions pathways for the shipping 
sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Widespread Innovation and Tailwinds follow the same trajectory. Headwinds and Balanced Net Zero 

Pathway follow the same trajectory.  

 

c) Investment requirements and costs 
 
In our 2019 Net Zero report, we identified shipping as having relatively expensive 

GHG savings, given the added costs of using low-carbon ammonia, although the 

size of the sector means that total shipping decarbonisation costs are smaller than 

many other sectors.  

 

Our updated Sixth Carbon Budget analysis estimates the full costs involved: 

• In the Balanced Pathway we estimate total added investment costs above 

the baseline of around £160 million/year in 2035 and £350 million/year in 

2050, for efficiency, electrification and infrastructure changes required to 

use zero-carbon ammonia (e.g. engine retrofits, port storage). 

• The majority of investment in domestic shipping occurs in the 2030s to early 

2040s, in comparison to the majority of investment in international shipping 

being in the 2040s (Figure 3.8.c). 

 

 

 

 

Domestic shipping invests 
earlier than international 
shipping. 
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Figure 3.8.c Breakdown of shipping sector for 
additional investment 
 

 

Source: UMAS (2019) modelling for DfT’s Clean Maritime Plan; CCC analysis. 

Notes: Additional investment in Balanced Net Zero Pathway compared to the baseline, due to higher costs of more 

efficient vessels electrification and ammonia infrastructure (ports and engine retrofits). No naval shipping cost data 

available.  

 

• Cost savings from the combined impact of efficiency and electrification 

are modest at £70 million/year in 2035 and £130 million/year in 2050. Use of 

zero-carbon ammonia, given its higher cost compared to fossil marine fuels, 

adds £850 million/year in 2035 and £2.9 billion/year in 2050 (Figure 3.8.d). 

• Decarbonising UK shipping is expected to cost £130-140/tCO2e abated in 

2035, and £170-190/tCO2e abated by 2050 in the Balanced Pathway. This 

abatement cost increases over time due to the falling cost of the fossil fuel 

counterfactual, and the rising share of GHG savings from ammonia.  

• Almost all cost reductions in ammonia are assumed to occur before 2030 

due to cost reductions in feedstock hydrogen, and little change is assumed 

after 2030. These abatement costs apply to domestic and international 

shipping, since we have not estimated the costs or potential for 

decarbonising naval shipping. 

• As an example of the impact of decarbonisation, the added cost of zero-

carbon shipping may add £8 to the price of sending one tonne of freight 

from Southampton to New York in the Balanced Net Zero Pathway.* 

 

 

 
*   Based on OOCL Carbon Calculator (2020), based on the Clean Cargo Working Group (CCWG) calculation 

methodology. This gives a value of 39 kgCO2, one-way. 

Decarbonisation costs are 
relatively high in shipping, due 
to ammonia costs. 
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Figure 3.8.d Breakdown of shipping sector 
additional operating costs 

 

Source: UMAS (2019) modelling for DfT’s Clean Maritime Plan; CCC analysis. 

Notes: Additional investment in Balanced Net Zero Pathway compared to the baseline, due to higher  costs of 

ammonia and cost savings from improved efficiency. No naval shipping cost data available.  

 

 

 

 

 

 

 

 

 

  

Efficiency savings are modest 
compared to the added fuel 
costs of zero-carbon fuels in 
shipping. 
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9. Waste 

Introduction and key messages 
 

Emissions from waste arise mostly from decomposition of organic matter in landfills, 

wastewater treatment processes and combustion of residual waste in energy-from-

waste plants. Sector emissions can be reduced by 75% by 2050, through greater 

waste prevention, recycling, higher landfill methane capture rates, improvements 

to wastewater treatment and composting facilities, and adding CCS to energy-

from-waste plants. 

 

The evidence base on how to decarbonise the waste sector in the UK is more 

limited than the evidence available for other sectors. Our analysis has relied on 

data in BEIS’s Energy and Emissions Projections pathways, Ricardo’s MELMod landfill 

model, research by WRAP and Water UK, as well as internal analysis starting from 

and accelerating English and Devolved Administration announced policies. Further 

details are given in the Methodology Report. 

 

This section is split into three sub-sections:  

a) The Balanced Net Zero Pathway for waste 

b) Alternative pathways for waste emissions 

c) Investment requirements and costs 

 

a) The Balanced Net Zero Pathway for waste 
 

Our Balanced Net Zero Pathway sees waste sector emissions fall 75% from today’s 

levels to reach 7.8 MtCO2e/year by 2050. Around 80% of the abatement to 2035 is 

from waste prevention, increased recycling and banning biodegradable waste 

from landfill. By 2050, 30% of sector abatement comes from retrofitting CCS to the 

UK’s fleet of energy-from-waste facilities. The additional 10% of emissions reductions 

comes from capturing more methane at landfills, reducing wastewater treatment 

emissions and improving composting (Figure 3.9.a). 

• Waste prevention, recycling and landfill bans. Edible food waste is reduced 

by just over 50% by 2030 (meeting UN SDG Target 12.3) and just over 60% by 

2050, compared to 2007 levels. Compared to a steadily increasing 

baseline, a third of non-food waste arisings are prevented by 2037 via 

product redesign, light-weighting, extended lifetimes and asset sharing. 

Currently around 45% of all household waste is recycled in the UK, along 

with 55% of commercial & industrial waste. UK-wide recycling rates increase 

to a blended 70% by 2030 (with Wales and Scotland achieving this by 

2025). Anaerobic digestion and composting play an important part in 

recycling food and garden wastes, helping enable a ban on all 

biodegradable waste going to landfill by 2025. Landfill methane emissions 

fall to 1.1 MtCO2e/year by 2050. 

• Carbon capture and storage (CCS) at energy-from-waste (EfW) plants. 
Further growth in fossil emissions from UK energy-from-waste facilities is 

avoided due to prevention and recycling efforts, with EfW emissions staying 

relatively flat at 5-6 MtCO2e/year until 2040.  

 

Generating less waste, 
recycling more and not 
sending waste that can decay 
to landfill are the key pillars to 
reducing landfill emissions. 

Energy-from-waste emissions 
can be constrained, before all 
plants fit CCS in the 2040s. 

Wastewater emissions are hard 
to abate. 
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CCS is then fitted to 100% of plants starting in 2040 (when our scenario also 

bans all waste going to landfill, leading to a temporary uptick in emissions 

due to higher residual waste volumes). With the use of CCS, EfW emissions 

fall to 0.4 MtCO2e/year by 2050. 

• Wastewater treatment improvements. Process methane and nitrous oxide 

emissions from wastewater treatment are hard to mitigate. A combination 

of enhanced monitoring, operational measures and continued roll-out of 

advanced anaerobic digestion leads to a 21% improvement by 2030. 

Wastewater becomes the majority source of Waste sector emissions by 

2050 (at 4.2 MtCO2e/year).* 

• Landfill methane capture. Even with banning key biodegradable waste 

streams from entering landfill, there will still be legacy methane emissions 

given the long decay time. More of this methane can be captured (for use 

in power or the gas grid), and capture rates increase from an estimated 

68% in 2018 to 80% by 2050. 

• Composting improvements. Use of pumped air to improve compost 

aeration and product quality at a third of sites by 2030, leading to a 23% 

improvement in methane and nitrous oxide emissions. Use of composting 

increases over time, so emissions return to 1.3 MtCO2e/year by 2050. 

 

Figure 3.9.a Sources of abatement in the  
Balanced Net Zero Pathway for the waste  

sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

 

 
 
* Emissions from the spreading of sewage sludge or digestate to land are counted in the Land Use sector. 
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b) Alternative pathways for waste emissions 

Each of our exploratory scenarios for the waste sector see emissions fall more than 

70% from 2018 to 2050, with a range of residual emissions of 6.0-9.5 MtCO2e/year in 

2050 (Figure 3.9.b).  

 

Figure 3.9.b Emissions pathways for the waste 

sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

 

 

Across the scenarios, we explore different contexts by varying the key timings, 

deployment of technologies and costs, and by exploring the impact of different 

levels of behaviour change (Table 3.9): 

• Headwinds. Recycling rates follow the Balanced Pathway, although later 

landfill ban dates are implemented. There are no further reductions in food 

waste after 2030, and reductions in non-food waste are smaller, reflecting 

lower levels of behaviour change. Landfill methane capture rates remain 

unchanged from today. 

• Widespread Engagement. Households and businesses are prepared to 

recycle significantly more than they do today, with further increases in 

recycling after 2030, along with further reductions in food waste. All waste is 

banned from landfill at an earlier date of 2035, and landfill methane 

capture rates remain unchanged from today. Residual waste is increasingly 

allocated to jet fuel production instead of EfW incineration. 

 

Further improvements in 
recycling rates are possible, 
and more food waste can be 
avoided. 

Emissions fell from 1997-2015 
with less waste sent to landfill. 
The waste sector faces a 
challenge to get onto a low-
carbon path after several 
years of limited progress. 

Technology solutions can be 
implemented to further reduce 
landfill and wastewater 
emissions. 
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• Widespread Innovation achieves slightly smaller reductions in non-food 

waste than the Balanced Pathway, although it also targets reductions in 

inedible food waste (e.g. through lab-grown meat). Landfill methane 

capture and oxidation technologies are deployed during the 2020s, and 

wastewater treatment facilities install more novel technologies after 2030 to 

further reduce their emissions. 

• Tailwinds combines the highest waste prevention and recycling rates, the 

earliest landfill ban dates, and the highest technical improvements at 

landfill, compost and wastewater treatment sites. CCS also starts being 

installed on EfW plants much earlier, from the late 2020s. The result is 

emissions fall further and much faster than in the other scenarios. 

 

Table 3.9 
Summary of key differences in the waste sector scenarios 

 Balanced 
Pathway 

Headwinds Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds 

Behaviour 
change 
and 
demand 
reduction 

51% fall in edible 
food waste by 
2030 and 61% by 
2050* 

 
 
 
33% reduction in 
all waste by 
2037** 
68% recycling by 
2030 

51% fall in edible 

food waste by 

2030 

 

 

 

 

13% reduction in 

all waste by 

2037, 68% 

recycling by 2030 

51% fall in edible 

food waste by 

2030 and 71% by 

2050 

 

 

 

33% reduction in 

all waste by 2037 

68% recycling by 

2030 and 79% by 

2050 

51% fall in edible 

food waste by 

2030 and 61% by 

2050 (+50% fall in 

inedible food 

waste by 2050) 

 

28% reduction in 

all waste by 2037 

68% recycling by 

2030 

51% fall in edible 

food waste by 

2030 and 71% by 

2050 (+50% fall in 

inedible food 

waste by 2050) 

 

33% reduction in 

all waste by 2037 

68% recycling by 

2030 and 79% by 

2050 

 

Landfill 2025 ban on 
biodegradable 
wastes, 2040 full 
ban  
 
80% CH4 capture 
& 10% oxidation 
by 2050 

2030 ban on 

biodegradable 

wastes, 2050 full 

ban 

 

68% CH4 capture 

& 10% oxidation 

by 2050 

2025 ban on 

biodegradable 

wastes, 2035 full 

ban 

 

68% CH4 capture 

& 10% oxidation 

by 2050 

2025 ban on 

biodegradable 

wastes, 2040 full 

ban 

 

80% CH4 capture 

by 2030, 30% 

oxidation by 2050 

2025 ban on 

biodegradable 

wastes, 2035 full 

ban  

 

80% CH4 capture 

by 2030, 30% 

oxidation by 2050 

 

Energy-
from-waste 

CCS is fitted to 
100% of EfW 
plants by 2050, 
starting from 
early 2040s 

CCS is fitted to 

100% of EfW 

plants by 2050, 

starting from late 

2030s 

 

CCS is fitted to 

100% of EfW 

plants by 2050, 

starting from 

early 2040s 

CCS is fitted to 

100% of EfW 

plants by 2050, 

starting from 

early 2040s 

CCS is fitted to 

100% of EfW 

plants by 2050, 

starting from late 

2020s 

Waste-
water 
treatment 

Improves 21% by 
2030 

Improves 21% by 

2030 

Improves 21% by 

2030 

Improves 21% by 

2030, 50% by 

2050 

Improves 21% by 

2030, 50% by 

2050 

Compost-
ing 

Improves 23% by 
2030 

Improves 23% by 

2030 

Improves 23% by 

2030 

Improves 23% by 

2030 

Improves 23% by 

2030 

 

 

 

 

 

 
 
*   Measured from 2007 base year for household edible food waste, and 2011 for business edible food waste. 

**   Measured in-year from a baseline of increasing household and commercial & industry waste arisings 

CCS could be installed on 
energy-from-waste plants 
starting from the 2020s, 
significantly reducing sector 
emissions. 
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c) Investment requirements and costs 
 

In our 2019 Net Zero report, we identified waste as a sector with potentially low cost 

GHG savings, based on recycling and banning biodegradable waste from landfill. 

Our sector categorisation and analysis has expanded to now include energy-from-

waste plants, as well as abatement in the composting and wastewater sub-sectors. 

While some of these sub-sectors have much higher costs of abatement, our new 

estimates still suggest that reducing waste sector emissions is achievable as part of 

a cost-effective scenario towards the Sixth Carbon Budget and the UK’s Net Zero 

objectives: 

• In the Balanced Pathway, we estimate total added investment costs above 

the baseline of around £175 million/year in 2035 and £2,100 million/year in 

2050 (Figure 3.9.c).  

• However, investment starts early in the 2020s, as robust action is taken on 

recycling (new vehicles, bins and downstream infrastructure) costing £100-

800 million/year in order to ban biodegradable waste from landfill, as well 

as £430 million/year for rolling out advanced anaerobic digestion at 

municipal and industrial wastewater sites.  

 

Figure 3.9.c Breakdown of waste sector  

additional investment 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Additional investment in Balanced Net Zero Pathway compared to the baseline, due to costs of new 

equipment for landfill methane capture, compost forced aeration, (municipal and industrial) waste water 

advanced AD, and new waste collection and recycling infrastructure. 

 

 

 

Front-loaded investment in the 
2020s will be required to realise 
a biodegradable waste landfill 
ban by 2025. 
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• By the 2030s, there is no assumed further increase in recycling rates or 

wastewater improvements, so waste collection vehicle fleet turnover is the 

main cost. From 2040, the majority of added investment is retrofitting CCS to 

all the UK’s remaining EfW plants, along with wastewater equipment 

replacement. 

• We estimate total added operating costs above the baseline of 

around £50 million/year in 2035 and £1.3 billion/year in 2050 (Figure 3.9.d). 

However, during the 2020s, reduced total waste arisings, fewer collections 

of residual/black bin-bag waste from households and businesses, and 

improved quality and consistency of collected recyclable materials leads 

to cost savings* that can outweigh the added transition costs. Larger 

businesses are likely to increase recycling rates earlier and at lower cost, 

whereas smaller businesses face higher costs and are likely to be slower, 

leading to some marginal net long-term costs from 2030. From 2040, the 

installation of CCS on EfW plants leads to increased energy and labour 

costs, dominating waste sector added operating costs. 
 
 

Figure 3.9.d Breakdown of waste sector  

additional operating costs 

 

Source: CCC analysis. 

Notes: Additional operating costs in Balanced Net Zero Pathway compared to the baseline, due to costs of 

operating new equipment for CCS at EfW plants, landfill methane capture, composting forced aeration, and new 

waste collection and recycling infrastructure. No additional operating costs are assumed for waste water 

treatment. 

 

 

 
*   This analysis excludes the cost savings from local authorities and waste management companies paying less landfill 

tax (currently £650 million/year is paid). 

Cost savings are possible via 
reduced volumes of residual 
waste to collect and 
collection of higher quality 
recyclable materials. CCS will 
add significant costs to EfW 
plants. 
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• For comparison, baseline costs (investment plus operations combined) are 

estimated at approximately £8.6 billion/year for solid waste handling across 

the UK, so the added costs of recycling and banning biodegradable waste 

from landfill are estimated at under 10%. The added investment in 

municipal wastewater treatment (excluding industrial wastewater) would 

add £4 a year to each UK household water bill during the 2020s.  

• Reducing emissions from UK waste comes at an average cost of around 

£70/tCO2e, although there is significant variation between sub-sectors, with 

wastewater abatement having very high costs compared to low cost 

methane capture and composting improvements. 

• Reducing waste emissions will also produce benefits with improved air, soil 

and water quality, and recreational benefits from faster return of landfill 

sites to other uses. Lower landfill methane generation results in less methane 

captured for energy generation, although this decline is compensated for 

via increased use of anaerobic digestion for food wastes, sewage sludge 

and animal manures. 
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10. F-gases 

Introduction and key messages 
 

Fluorinated gases (F-gas) are man-made gases that can stay in the atmosphere for 

centuries. Their emissions account for around 3% of total UK GHG emissions. Major 

emissions sources are refrigerants, aerosols, solvents, insulating gases, or blowing 

agents for foams and medical equipment. They can also arise as fugitive emissions 

from other manufacturing processes. Most of the emissions reduction to 2050 will 

be driven via F-Gas regulations, with further abatement possible through a faster 

shift to lower Global Warming Potential (GWP) F-gases, behavioural shifts to Dry 

Powder Inhalers (DPI) and reduced leakage.  

 

The evidence base on how to decarbonise F-gases builds on our 2019 Net Zero 

report, and in particular a 2019 report commissioned by the CCC from Ricardo and 

Gluckman Consulting on decarbonising the F-gases sector.  

 

This section is split into three sub-sections:  

a) The Balanced Net Zero pathway for F-gases  

b) Alternative routes to delivering abatement in the mid-2030s 

c) Impacts of the scenarios: costs, benefits and co-impacts on society 

 
a) The Balanced Net Zero pathway for F-gases 
 

F-gas emission levels were 15 MtCO2e in 2018, accounting for 3% of total UK GHG 

emissions (Figure 3.10). Emissions were 14% below 1990 levels and 40% below the 

peak in 1997.  

 

Approximately 95% of F-gas emissions are hydrofluorocarbons (HFCs) which are 

emitted from the production, use and manufacture of refrigeration and air-

conditioning equipment; aerosols; foams; metered-dose inhalers; and fire 

equipment. Sulphur hexafluoride (SF6), perfluorocarbons (PFCs), and NF3 comprise 

the remaining percentage and are released in various industrial processes and 

from electrical insulation. 

 

F-gases are emitted in small volumes but have a high global warming potentials 

(GWPs)* and can be several thousand times more warming than CO2 (GWP = 1): 

• HFCs have GWPs ranging from approximately 100 to over 10,000 

• SF6 has a GWP of 26,087 

• PFCs have GWPs of approximately 7,000 to approximately 19,000 

• NF3 has a GWP of 16,100. These emissions are very low (less than 0.001 

MtCO2e) and do not count towards the UK’s climate targets.  

 

Our pathways start from an existing policy baseline where the UK maintains 

comparable legislation to the EU F-Gas Regulation that was introduced in 2014.  

 
 
*   Values given are AR5 GWPs with carbon-cycle feedbacks. 

There is strong existing 
regulation for the F-gases 
sector. 

The majority of F-gases 
emissions come from HFCs 
used in refrigeration and air-
conditioning.  
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The regulation sets a cap on the amount of HFCs that producers and importers are 

allowed to place on the EU market. The cap will be cut every three years until 

reaching a 79% cut from 2015 levels by 2030. The Government has legislated 

provisions for equivalent regulation into UK law to come into force from 2021, 

meaning that the UK’s departure from the EU should not impact this baseline 

assumption. 

 

Reducing emissions further requires a range of behavioural and technical 

measures, predominantly: 

 

• Further replacement of current F-gases with lower GWP F-gases. The 

deployment of lower GWP alternatives to current F-gases in heat pump 

systems and refrigerators has the potential to reduce emissions from the 

sector further. Specifically, the deployment of low-GWP alternatives to 

R448A and R449A F-gases and accelerated transition away from R-404A 

systems, and retrofitting of R-134a car air-conditioning systems.* A host of 

low-GWP F-gases or F-gases alternatives are already available on the 

market, and innovation will likely bring more forward.  

• More widespread move to dry power inhalers (DPIs). Metered dose inhalers 

(MDIs) are a significant source of F-gases emissions. Our Balanced Pathway 

assumes widespread move from MDIs to DPIs – which are already in 

common use in Europe – for some drugs, with lower-GWP MDIs developed 

for other drugs such as salbutamol.  
• Reduced leakage from heat pump and refrigerators through improved 

equipment design and installer training. 
 

Our Balanced Net Zero Pathway involves a widespread rollout of heat pumps from 

now until 2050 (see section 2). Heat pumps emit some F-gases during their product 

lifetimes as a result of refrigerant leakage and disposal. If existing standards are 

maintained, the greenhouse gas savings of a switch to heat pumps are orders of 

magnitude higher than the additional F-gas emissions (see Box 11.2 of the 

Methodology Report) and we account for those additional emissions in our 

analysis. 

 

 b) Alternative routes to delivering abatement in the mid-2030s 
 

All F-gases scenarios aim to reduce emissions as far as possible by 2050, resulting in 

a range of residual emissions of 1.5-2.5 MtCO2e/year, and emissions of 2.5-4.0 

MtCO2e/year over the Sixth Carbon Budget period (Figure 3.10). Across the 

scenarios we vary the assumptions relating to behavioural change and 

technological innovation: 

• Headwinds. Decreased leakage from heat pumps and refrigerants, greater 

rollout of low-GWP alternatives to F-gases, retrofitting of some car air-

conditioning systems and partial replacement of MDI inhalers with DPI 

inhalers (beclomethasone dipropionate and compound drug inhalers).  

• Widespread Engagement. All the measures from Headwinds are included, 

alongside greater willingness to shift to DPI inhalers (specifically switching 

from salbutamol MDIs to DPIs). 

 

 

 

 
*   R448A and R449A F-gases are high-GWP F-gases used as refrigerants. R-134a is a high-GWP F-gas use in car air-

conditioning systems that was banned from being used in new cars from January 2017.  

Further abatement in the F-
gases sector is possible 
through replacement of 
current F-gases with lower 
GWP alternatives, more 
widespread moves to dry 
powder inhalers and reduced 
leakage from heat pumps and 
refrigerators.   

Further abatement is possible if 
lower GWP F-gas alternatives 
can be developed and 
deployed, and there is greater 
uptake of DPI inhalers. 
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• Widespread Innovation. All the measures from Headwinds are included. 

Further shift away from HFCs for which low-carbon alternatives are currently 

at an earlier stage of deployment. Measures outlined as technically 

feasible but not costed in our Net Zero report are included in this scenario. 

• Tailwinds. Tailwinds includes the measures from Headwinds, Widespread 

Engagement and Widespread Innovation. 

 

Figure 3.10.a Emissions pathways for the F-gases 

sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: Headwinds and Widespread Engagement scenario are obscured by Balanced Net Zero Pathway curve. Full 

date can be found in the exhibits CCC’s databook. 

 

 

 

c) Impacts of the scenarios: costs, benefits and co-impacts on 
society 
 

Our estimates suggest that reducing emissions from the UK’s F-gases sector is 

achievable as part of a cost-effective scenario towards the Sixth Carbon Budget. 

In the Balanced pathway we estimate costs of around £7 million per year in 2035, 

and net savings of around £1 million per year by 2050. 

 

The majority of the 2035 costs are due to upfront investment in refrigeration and 

heating systems that have greater efficiency and lower GWP F-gases that are also 

often cheaper. By 2050, the efficiency savings more than offset this 
additional capital investment.  

 

Abating emissions from F-gases 
should be cost saving by 2050. 
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11. Greenhouse gas removals 

Introduction and key messages 
 

Engineered greenhouse gas removals, such as Bioenergy with carbon capture and 

storage (BECCS), Direct Air Capture of CO2 with storage (DACCS) and increased 

use of Wood in Construction will be required to permanently remove carbon from 

the atmosphere, in order to offset remaining residual emissions in the UK and 

achieve Net Zero by 2050. As set out in Chapter 1, our scenarios aim to reduce 

emissions where decarbonisation solutions exist, and minimise the need for 

removals. 

 

The evidence base used for our analysis on GHG removals is largely that compiled 

for the Committee’s 2019 Net Zero report, but is supplemented by new data on 

costs and efficiencies for DACCS from The Royal Society and International Energy 

Agency (IEA), and updated BECCS data from the Energy System Catapult’s ESME 

model and bespoke analysis for industrial and energy-from-waste plants.  

 

Evidence on the potential supply of sustainable low-carbon bioenergy is drawn 

from our detailed work in the 2018 Bioenergy in a low-carbon economy report, as 

detailed in the accompanying Methodology report, Chapter 6. 

 

This section is split into three sub-sections:  

a) The Balanced Net Zero Pathway for GHG Removals 

b) Alternative routes to delivering abatement in the mid-2030s 

c) Investment requirements and costs 

 

a) The Balanced Net Zero Pathway for GHG removals 
 

In the Balanced Net Zero Pathway we estimate that engineered emissions 

removals of 58 MtCO2/year are required in 2050 (Figure 3.11.a), in addition to 

nature-based sinks of 39 MtCO2/year from UK land (covered in section 6). 

 

Engineered greenhouse gas removals are a group of technologies (also known as 

‘GGRs’ or ‘negative emissions technologies’) that can remove carbon from the 

atmosphere.* BECCS and DACCS are not currently operating at scale in the UK, 

although there are demonstration plants operating globally and larger 

commercial projects proposed. Biogenic CO2 is already captured at commercial 

scale from bioethanol and anaerobic digestion plants, although it is typically used 

(e.g. for drinks manufacture and horticulture) rather than sequestered.  

 

In constructing the Balanced Pathway, we have taken into account the time 

needed to scale-up BECCS and its supply chains starting in the late 2020s, the 

need to demonstrate DACCS in the 2020s for scale-up late in the 2030s, and the 

new-build market potential for wood in construction.  

 

 

 
*   The use of engineered removals raises concerns around sustainability, particularly around the large-scale use of 

bioenergy, and the potential moral hazard of reduced mitigation efforts. For discussion of these issues, see CCC 

(2019) Net Zero Technical Report (Chapter 10), and CCC (2018) Bioenergy in a low-carbon economy. 

Engineered GHG removal are 
not yet available at scale, but 
progress is being made 
globally. 
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Figure 3.11.a Sources of abatement in the  
Balanced Net Zero Pathway for the GHG  

removals sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. M&C = 

Manufacturing and Construction. 

 

Both BECCS and DACCS routes rely on the development of UK CCS infrastructure, 
and the provision of low-cost feedstocks (bioenergy supply chains for BECCS or 
low-carbon hydrogen & power for DACCS):  

• Bioenergy with carbon capture and storage (BECCS) involves the use of 

sustainable biomass in generating power, heat or fuels, where biogenic 

CO2 generated in the process is captured and sent to long-term geological 

storage. The same process can also be applied to biogenic waste, biogas 

upgrading and some biofuels plants. Our Balanced Pathway has BECCS 

facilities removing 22 MtCO2/year from the atmosphere by 2035, and 53 

MtCO2/year by 2050,** across a mix of biomass power, waste-to-energy, 

industrial heat, biohydrogen, biojet and other biofuel & biomethane 

facilities. 

• Direct Air Capture of CO2 with storage (DACCS) involves the separation of 

CO2 from ambient air using chemical reagents and process heat, which we 

assume comes from low-carbon hydrogen. The captured CO2 is then sent 

to long-term geological storage. In our Balanced Pathway, DACCS starts to 

scale up from 2040 to reach 5 MtCO2/year by 2050. 

 
 
**   For context, at least 50 MtCO2/year of biogenic CO2 currently goes uncaptured in energy applications in the UK. 

The Balanced Pathway has a 
significant amount (22 
MtCO2/yr) of BECCS by 2035, 
growing to 53 MtCO2/yr by 
2050. 

The Balanced Pathway also 
has 5 MtCO2/yr of DACCS by 
2050. 

BECCS dominates overall 
abatement, with power 
important in the 2030s, 
followed by increasing levels 
of biohydrogen and biojet. 
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• Wood in construction: Harvested wood can be used as a construction 

material, creating an additional multi-decade/century store of carbon in 

the built environment. Currently timber-framed houses and engineered 

wood systems make up around 15-28% of total construction materials in 

new homes. In our scenarios this increases to 40% by 2050, removing 0.25 

MtCO2/year by 2035 and 0.44 MtCO2/year by 2050 on top of the wood 

product GHG savings already accounted for in the land-use sector. 

• Other removals technologies such as biochar, carbon-negative cement 

and enhanced weathering are also able to remove carbon from the 

atmosphere. However, we consider these to be more speculative options, 

and so these have not been included in our scenarios. Research and 

development should continue into these options, to allow them to be 

options in the future. 

 

Our scenarios for bioenergy use assume that harvested sustainable biomass and 

biogenic waste is used where it can best help to minimise overall GHG emissions. 

This is essential, as there will be finite supplies of bioenergy available to the UK that 

is truly low-carbon and does not compromise other aspects of sustainability (e.g. 

food production, water supplies and biodiversity). The size of this resource was 

assessed in detail as part of our 2018 report Biomass in a low-carbon economy. 

 

b) Alternative pathways for GHG removals 
 

The level of engineered GHG removals in our pathways is dictated by the amount 

of remaining emissions needed to be offset, in addition to nature-based sinks, to 

reach Net Zero, and the pace of the transition to Net Zero, including the need to 

demonstrate engineered removals at scale.  

 

In 2050, the range of GHG removals in our scenarios is 45-112 MtCO2/year (Figure 

3.11.b). Reaching this level of ambition by 2050 requires a cumulative 73-157 

MtCO2 of removals over the Sixth Carbon Budget period, in addition to nature-

based sinks in the scenarios. Across the scenarios we explore different contexts by 

varying the key timings, costs and performance assumptions, resulting in different 

deployment outcomes (Table 3.11): 

• Headwinds has higher residual emissions (e.g. in aviation and agriculture) 

than in the Balanced Pathway, requiring additional removals to reach Net 

Zero. As rates of tree planting and peatland restoration are also lower in this 

scenario, this scenario requires 87 MtCO2/year of engineered removals by 

2050. Higher levels of biomass imports are used to generate BECCS power 

and hydrogen, and more CCS at energy-from-waste plants is required.  

• Widespread Engagement has higher levels of diet change and waste 

reductions, more tree planting and less flying, leading to reduced residual 

emissions and higher natural removals than Headwinds. This means that 

lower levels of engineered removals are required in 2050 (45 MtCO2/year). 

Energy produced from BECCS is largely used in power and biojet. 

• Widespread Innovation has more ways to reduce emissions at reasonable 

cost, including using synthetic fuels in aviation based on CO2 from direct air 

capture. Both BECCS and DACCS play roles, with the latter starting in the 

mid-2030s and contributing 15 MtCO2/year out of total engineered 

removals of 63 MtCO2/year in 2050 (by when emissions are below Net Zero). 

Energy produced from BECCS is mostly used in power, hydrogen and biojet. 

• Tailwinds combines the lowest-carbon actions resulting from increased 

behaviour change and technological improvement to reduce emissions 

further and faster than the other scenarios.  

The potential for Wood in 
Construction remains limited. 

Our scenarios have a range of 
45-112 MtCO2/yr of GHG 
removals by 2050. 
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In this scenario, DACCS scales up as in Widespread Innovation, and 

biomass imports increase as in Headwinds, which leads to total engineered 

removals scaling up more quickly to reach 112 MtCO2/year by 2050 (with 

total emissions below Net Zero). Energy produced from BECCS is mostly 

used in power, hydrogen and biojet. 

 

Figure 3.11.b Emissions pathways for the removals 
sector 

 

Source: CCC analysis. 

 

 

Table 1.11:Table 1.11 
Table 3.11 
Summary of key differences in the GHG removal sector scenarios (MtCO2/year in 2050) 

 Balanced 
Pathway 

Headwinds Widespread 
Engagement 

Widespread 
Innovation 

Tailwinds 

BECCS power 19 39 30 16 39 

BECCS energy-from-waste 7 10 1 5 7 

BECCS M&C 3 4 3 3 3 

BECCS hydrogen 14 23 0 12 36 

BECCS biofuels 8 10 9 11 11 

BECCS biomethane 0.6 0.6 0.5 0.5 0.5 

DACCS 5 0 0 15 15 

Wood in construction 0.4 0.4 0.4 0.4 0.4 

 
 
 

Our scenarios all have GHG 
removals starting from the late 
2020s, although the expansion 
after this varies considerably. 
The Balanced Pathway is 
relatively conservative 
compared to other scenarios. 
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c) Investment requirements and costs 
 

In our 2019 Net Zero report, our Further Ambition scenario only identified a 96% 

reduction in UK GHG emissions by 2050 from 1990 levels, with the remaining 4% 

needing to be filled with more speculative options. In our cost analysis for 

achieving Net Zero, we assumed that this 4% gap could be met by removals at a 

high cost of £300/tCO2. Together with high costs of imported biomass for BECCS 

and early-stage estimates for DACCS, these led to high costs for the Removals 

sector in our Net Zero report. 

 

BECCS plants, which make up the majority of engineered removals in all of our 

scenarios, also produce significant volumes of carbon-negative energy, such as 

electricity, hydrogen, jet fuel, methane and industrial heat. The costs allocated to 

the Removals sector are the direct costs of using DACCS, along with the additional 

cost of using carbon-negative BECCS instead of the counterfactual method of 

producing this energy assumed by each end-use sector.* There are no additional 

costs assumed for using wood in construction beyond those already counted in 

the Land Use and Manufacturing & Construction sectors. 

 

Our estimates for the Balanced Pathway suggest that: 

• Scaling up engineered GHG removals is likely to lead to added costs of 

£2.3 billion/year in 2035 and £5.7 billion/year by 2050. DACCS does not 

contribute in 2035 but will make up around 15% of removals costs in 2050.  

• The average cost of removals in our scenarios is around £100/tCO2 during 

the 2030s and 2040s, although there is a wide variation in costs between 

sectors. For example, using domestic biomass in retrofitted BECCS power 

plants might cost £70/tCO2 in the mid-2030s, compared to £150/tCO2 for 

imported biomass in a newbuild BECCS power plant, £110/tCO2 for BECCS 

hydrogen production using imports, or £100-275/tCO2 for BECCS industrial 

heat using domestic biomass. BECCS costs across the sectors generally fall 

to £40-190/tCO2 by 2050, although routes using biogenic waste may be 

cheaper.  

• Early-stage DACCS plants are estimated to cost as much as £400/tCO2 

during the 2020s, before reducing towards £180/tCO2 by 2050 as the 

technology develops and is scaled up globally. 

 

The capital investment and operating costs for BECCS are included within the 

sectors in which the BECCS plant sits. The analysis of capital investment and 

operating costs in Figure 3.11.c therefore only considers DACCS.  

 

DACCS investment costs peak at £420 million/year in 2040, and then fall as 

subsequent plants get cheaper. DACCS operating costs ramp-up to £590 

million/year by 2050, with most of this cost being the low-carbon hydrogen used as 

process heating fuel. 

 

 

 

 

 
*   For example, the added costs of BECCS power are calculated using the UK grid average intensity and costs (without 

BECCS) from our scenarios, i.e. low cost and very low emissions power by 2050. A similar approach is used for BECCS 

hydrogen, comparing against a blend of renewable electrolysis, gas CCS and imported renewable hydrogen. The 

added costs of BECCS energy-from-waste and BECCS M&C are the installation and operation of CCS on existing 

EfW and Manufacturing facilities. The added costs of BECCS biofuels and BECCS biomethane are calculated using 

the emissions and costs of the relevant fossil jet, diesel, LPG or natural gas comparators. 

Abatement costs vary by end-
use application, site size, 
retrofit vs. newbuild, and the 
cost of biomass. 

DACCS costs will likely fall 
significantly, but cost of the 
hydrogen heating fuel input 
will be key to determining if 
costs can fall below 
£180/tCO2. 
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Figure 3.11.c DACCS investment and operating 
costs 

 

Source: CCC analysis. 

Notes: Only DACCS investment and operating costs are quantified within GHG removals sector, as BECCS capex 

and opex are fully considered as part of the other CCC sectors, and no additional costs are assumed for wood in 

construction beyond those already in land use and manufacturing and construction. An indicative UK 

demonstration project starting in the late 2020s is shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1197  



203 Sixth Carbon Budget – The path to Net Zero 

1 Element Energy for the CCC (2020), Analysis to provide costs, efficiencies and roll-out trajectories 

for zero-emission HGVs, buses and coaches. 

2 Department for Transport (2019) Road traffic estimates: Great Britain 2019. 

3 Centre for Sustainable Road Freight for the CCC (2015) An assessment of the potential for 

demand-side fuel savings in the Heavy Goods Vehicle (HGV) sector. 

4 For further discussion see The Carbon Trust and Rawlings Support Services for BEIS (2016) Evidence 

Gathering – Low Carbon Heating Technologies and Delta EE for BEIS (2018) Technical feasibility 

of electric heating in rural off-gas grid dwellings. 

5 Government response to BEIS Select Committee’s recommendations. 

6 Nicol S. et al. (2015), The cost of poor housing to the NHS. 
7 Gersen, S. Darmeveil, H. Van Essen, M. Martinus, G.H. and Teerlingc, O.J (2020) Domestic 

hydrogen boilers in practice: enabling the use of hydrogen in the built environment. These 

findings are supported by testing currently being undertaken by Worcester Bosch. 

8 Element Energy for the CCC (2020) Development of trajectories for residential heat 

decarbonisation to inform the sixth carbon budget 

9 UCL (2020) Analysis work to refine fabric energy efficiency assumptions for use in developing the 

sixth carbon budget; Currie & Brown (2019) The costs and benefits of tighter standards for new 

buildings; Element Energy for the CCC (2020) Development of trajectories for residential heat 

decarbonisation to inform the sixth carbon budget. 

10 Jacobs (2020) Strategy for Long-Term Energy Storage in the UK 

11 Ofgem https://www.ofgem.gov.uk/electricity/transmission-networks/electricity-interconnectors  

12 Air Quality Expert Group (2020) Impacts of Net Zero pathways on future air quality in the UK 
13 Policy Exchange (2020) The Future of the North Sea 

14 CCC (2018) Hydrogen in a low-carbon economy 

1515 CCC (2020) Land Use – Policies for a Net Zero UK; CCC (2019) Net Zero – Technical Report 

16 Centre for Ecology and Hydrology (2020) Updated quantification of the impact of future land 

use scenarios to 2050 and beyond. 

17 Scottish Rural College (2020) Non-CO2 abatement in the UK agricultural sector by 2035 and 

2050. 

18 Climate Assembly UK (2020) The path to net zero. 
19 ADAS (2016) Refining estimates of land for bioenergy. 

20 Vivid (2020) Economic impacts of Net Zero land use scenarios. 

 

 

1198  

https://www.ofgem.gov.uk/electricity/transmission-networks/electricity-interconnectors


Chapter 4: Scotland, Wales and Northern Ireland’s contribution to Net Zero 204 

Scotland, Wales and Northern 

Ireland’s contribution to Net Zero 

 

 

1. Opportunities to reduce emissions 208 

2. Pathways for Scottish, Welsh and Northern Irish emissions 216 

3. Implications for targets 228 

4. Costs and benefits in Scotland, Wales and Northern Ireland 231 

5. Recommendations for policy 233 

 

  

1199  



1200  



Chapter 4: Scotland, Wales and Northern Ireland’s contribution to Net Zero 206 

Introduction and key messages 
 

Scotland, Wales and Northern Ireland have an integral role to play in delivering the 

UK’s Sixth Carbon Budget on the path to Net Zero. Combined, they produced 23% 

of UK emissions in 2018, while accounting for 16% of the UK’s population, 13% of 

economic activity and nearly half of the UK’s land area (46%) (Table 4.1). 

 

They have fully or partially devolved powers (Table 4.5) in a number of areas 

relevant to emissions reduction. Key areas of devolved responsibilities include 

demand-side transport measures, energy efficiency and heat in off-gas properties, 

agriculture, land use and waste, and most energy policy in Northern Ireland.  

 

The devolved administrations can also ensure that UK policy in reserved areas (e.g. 

a regulatory phase-out of petrol and diesel car sales) is delivered effectively 

through the provision of additional incentives, public engagement, and supporting 

policies such as planning. The UK cannot achieve its climate targets without strong 

policy action across Scotland, Wales and Northern Ireland. 

 

This chapter sets out what the different pathways for UK Net Zero mean for 

emissions in Scotland, Wales and Northern Ireland, the costs of action, and high-

level policy recommendations for the devolved administrations. A full discussion of 

costs and their distribution can be found in Chapter 5 and 6, and a detailed set of 

policy recommendations is laid out in the Policy Report that accompanies this 

report.  

 

Scotland, Wales and Northern Ireland are at different stages of developing their 

own climate legislation, targets and policy: 

• Scotland has already legislated a Net Zero target for 2045 and a set of 

legally binding targets between 2020 and 2045. The Scottish Government is 

now preparing an update to the Climate Change Plan containing policies 

and proposals to meet those targets that will be published shortly after this 

report.  

• The Welsh Government already has a climate legislation framework and 

currently has a legal target to reduce emissions by 80% in 2050 compared 

to 1990 levels. The Welsh Government is in the process of defining and 

legislating new targets that are consistent with UK Net Zero by 2050. In 2019, 

Wales committed to setting a 95% reduction target in 2050, with an 

ambition to set a Net Zero target if possible.1 

• The Northern Ireland Executive is planning to introduce new climate 

change legislation as part of the New Decade, New Approach power-

sharing agreement.2 

 

We will shortly publish two joint reports reflecting on progress towards meeting 

Wales’ existing climate targets and giving new recommendations on the level of 

the Wales’ third carbon budget (2026-2030) and other emissions reduction targets 

including the 2050 target. 

 

In parallel with this advice, the Committee has written to the Scottish Government 

and the Northern Ireland Executive to give further advice on meeting and setting 

climate targets. 

 

 

 

 

 

Scotland, Wales and Northern 
Ireland have an integral role to 
play in delivering the UK’s 
emissions targets. 

While some important policy 
levers are held in Westminster, 
powers are fully or partially 
devolved in most key areas. 

We are providing separate 
advice to each of Wales, 
Scotland and Northern Ireland 
alongside the UK advice. 
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Our key messages in this chapter are: 

• The credibility of the Sixth Carbon Budget rests on action in all parts of the 
UK. 23% of the abatement in our Balanced Net Zero Pathway during the 

Sixth Carbon Budget period is delivered in Scotland, Wales and Northern 

Ireland. 

• The technical and behavioural challenges and solutions to tackling 
greenhouse gas emissions are broadly similar across the UK. This does not 

mean that each country will follow the exact same emissions reduction 

pathway, nor does it lessen the need for policies that are tailored for 

national, regional and local needs (see Local authorities and the Sixth 

Carbon Budget in the Policy Report).  

• Equal effort towards UK Net Zero will lead to different emissions pathways. 
The balance of activity across different sectors - particularly aviation, 

agriculture and land use, manufacturing and construction, fuel supply and 

greenhouse gas removals - means different levels of emissions reduction 

are possible in different parts of the UK through the Sixth Carbon Budget 

period and by 2050. 

• The scale of action required in Scotland, Wales and Northern Ireland is 
broadly comparable to the current share of UK emissions. The costs of 

decarbonisation in Scotland, Wales and Northern Ireland will likely be 

shared across the whole of the UK to some degree. 

• Devolved policies have a crucial role to play. 11% of all the abatement in 

the UK Balanced Net Zero Pathway is in areas where some or all key powers 

are reserved to the Scottish Government, Welsh Government and Northern 

Ireland Executive.  

• Nearly 60% all the abatement in Scotland, Wales and Northern Ireland is in 
sectors where key powers are partially or mostly devolved. Priority sectors 

for devolved policy include agriculture and land use, buildings efficiency 

and heat, demand-side transport measures and waste.  

 

  

Our pathways for each part of 
the UK entail consistent 
amounts of effort, but lead to 
different overall reductions in 
emissions.  
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1. Opportunities to reduce emissions  

Chapter 2 of this report sets out the actions that are required for the UK to meet our 

recommended Sixth Carbon Budget on the pathway to reach UK Net Zero by 

2050. 

 

All our scenarios reflect strong contributions from a set of key technologies and 

behaviours. The technical and behavioural challenges and solutions to tackling 

greenhouse gas emissions in the 2020s and beyond are broadly similar across the 

UK: 

• Consumer and business choices. Significant changes in behaviour can be 

made alongside improvements to people’s lives. In some cases that means 

adopting new technologies that provide the same service (e.g. electric 

cars), in others it means larger changes (e.g. shifting to home-working or 

walking/cycling). Particularly important in our scenarios are a continued 

shift in diets away from meat products, a slow-down in growth of flying and 

reductions in travel demand.  

• Efficiency. Much of our use of energy, and wider resources, is currently 

inefficient. By better insulating buildings, improving vehicle efficiency and 

improving efficiency in industry the UK can use the energy we produce and 

the resources we consume most productively. 

• Electrification. Low-carbon electricity can now be produced more cheaply 

than high-carbon electricity and has potential to be rolled out at a scale 

many times larger than the UK’s current entire electricity demand. 

• Hydrogen & CCS. Low-carbon hydrogen can be produced from electricity 

or from natural gas with carbon capture and storage. Carbon capture and 

storage (CCS) is used to avoid further emissions from industry, alongside a 

role in permanent removal of  CO2 from the atmosphere and potentially in 

electricity and hydrogen production.  

• Land and removals. A transformation is needed in the UK’s land. Our 

scenarios involve planting of 300,000 hectares of mixed woodland by 2035 

across Scotland, Wales and Northern Ireland, accelerating to 850,000 

hectares by 2050. Peatlands must be restored widely and managed 

sustainably. Food waste will need to be reduced and diets will need to shift 

away from the most carbon-intensive products. Low-carbon farming 

practices must be adopted widely, and farm productivity raised. Alongside 

these nature-based removals, by 2035 the UK should be using bioenergy 

with CCS to deliver engineered removals of CO2 at scale – some of which 

could be located in the devolved administrations. 

 

The key factors determining the rate at which the devolved administrations can 

reduce their emissions before, during and beyond the Sixth Carbon Budget period 

are: different levels of activity and emissions in each sector today; existing land 

usage and opportunities for land-based removals; existing infrastructure; 

opportunities to remove CO2 from the atmosphere; and existing policy. 

 

 

 

 

 

 

Each part of the UK has a 
different starting point and set 
of opportunities to contribute 
to UK Net Zero. 
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Table 4.1 
Greenhouse gas emissions relative to population, economic activity, and land area  

 

 UK Scotland Wales Northern Ireland 

GHG emissions in 2018 (MtCO2e) 539 55 42 25 

Population 

Population in 2018 

(million) 
67 5 3 2 

GHG emissions per 

person 

(tCO2e/person) 

8 10 13 13 

Economic 
activity 

GDP in 2018 

(£ billion) 
2,140 160 70 50 

GHG emission per 

GDP 

(tCO2e/£) 

252 340 562 505 

Land area 

Land area 

(km2) 
250,000 80,000 21,000 14,000 

GHG emissions per 

area 

(tCO2e/km2) 

2,200 700 2,000 1700 

 
Source: ONS (2020) Population estimates for the UK, England and Wales, Scotland and Northern Ireland: mid-2019; ONS (2020) Regional economic 

activity by gross domestic product, UK: 1998 to 2018; ONS (2020) The Countries of the UK; NAEI (2020) Greenhouse Gas Inventories for England, Scotland, 

Wales & Northern Ireland: 1990-2018. 
 

 

a) Existing levels of emissions and activity in each sector  
 

The current sectoral shares of total emissions are different in each devolved 

administration (Figure 4.1), due to different levels of activity and output in these 

areas. 

 

Higher or lower shares of current emissions and activity in each sector mean that 

the pace and scale of mitigation actions - or failures to act - will have a 

proportionally higher or lower impact on the economy-wide emissions pathways 

for Scotland, Wales and Northern Ireland. Higher shares of emissions in sectors that 

can decarbonise rapidly in the next decade will mean that economy-wide 

emissions will fall more quickly. 
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Figure 4.1 Sectoral emissions in 2018 for Scotland,  
Wales and Northern Ireland compared to the UK 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019;  NAEI (2020) Greenhouse Gas 

Inventories for England, Scotland, Wales & Northern Ireland: 1990-2019; CCC analysis. 

Notes: Values shown use AR5 Global Warming Potentials with carbon-cycle feedbacks and include an estimate of 

emissions from peatlands. 

 

The following sectors differ from the UK share by more than five percentage points 

in one or more of Scotland, Wales and Northern Ireland: 

• Agriculture. All three of the devolved administrations have a significantly 

higher proportion of their total emissions from agriculture compared to 

England. Around 10% of all UK emissions are from agriculture, compared to 

16% in both Scotland and Wales and 27% in Northern Ireland. 

• Aviation comprises a much smaller share of emissions, particularly in Wales 

(<1%) and Northern Ireland (2%), compared to the UK as a whole (7%). 

• Electricity supply. Scotland has already nearly entirely decarbonised its 

electricity generation sector – meaning there is less potential to directly 

reduce emissions from the power sector in Scotland through the 2020s. In 

contrast Wales is a net exporter of gas-fired electricity to the rest of the 

Great Britain network, so decarbonisation of the electricity generation in 

the 2020s will have a greater proportional impact on the Welsh emissions 

pathway. 

• The manufacturing & construction sector has a much larger role to play in 

Wales, with the proportional contribution of Welsh emissions from this sector 

(23%) double the contribution for the UK as a whole (12%). 

 

Scotland has relatively high 
emissions from fuel supply and 
agriculture and relatively low 
emissions from aviation and 
electricity supply. 
 
 
Wales has relatively high 
emissions from manufacturing 
and construction and 
agriculture, but low aviation 
emissions. 
 
 
Northern Ireland has relatively 
high agricultural emissions but 
relatively low emissions from 
aviation, manufacturing and 
fuel supply. 
 

Scotland has already reached 
where the rest of the UK will 
get to by 2030 – a largely 
decarbonised electricity 
sector. 

Agriculture is bigger in each of 
Scotland, Wales and Northern 
Ireland than in England. 
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• Surface transport emissions make up a smaller proportion of total emissions 

in Wales (14%) and Northern Ireland (16%) than in the UK (21%), but this is 

not due to a more carbon-efficient surface transport sector. Other sources 

of emissions increase the total national emissions that surface transport 

emissions are compared to (i.e. agriculture in Northern Ireland and 

manufacturing in Wales) making the share of transport emissions of the total 

smaller. Per person, surface transport emissions are actually higher in both 

Northern Ireland and Wales than the UK average. 

• Fuel supply emissions are very low in Northern Ireland compared to the rest 

of the UK, with virtually zero emissions from oil and gas production or 

refining. 

• Offshore oil and gas emissions. Around 15 MtCO2e of GHGs from offshore oil 

and gas exploration and production are classified within the UK 

Greenhouse Gas Inventory as ‘unallocated’ emissions and are not 

attributed to any of the devolved administrations totals. Decarbonising 

these sources of UK emissions will not directly affect the pathways for 

Scotland, Wales or Northern Ireland – though there will be knock-on 

impacts for onshore emissions from oil and gas production. 

 

b) Existing land use and opportunities to remove CO2 from the 
atmosphere 
 

Emissions from land use, land-use change and forestry (LULUCF) are inherently 

location-specific. Across the UK, there are differences in the types of existing land 

use, as well as in the types of land-use change needed to deliver the UK Net Zero 

target and the costs associated with those changes.  

 

As a result, the costs and benefits for England, Scotland, Wales and Northern 

Ireland differ to the results for the UK as a whole. The two main differences across 

the UK that have been incorporated in our analysis are: 

• Different combinations of measures that can be deployed across England, 

Scotland, Wales and Northern Ireland based on differences in geographies 

and existing land use (Figure 4.2). 

– Scotland. Around 18% of land in Scotland is currently forested, the 

highest proportion in the UK, but emissions from degraded peatland 

compared to net total emissions are much higher in Scotland 

(potentially up to 20%) than the UK as a whole (around 5%). 

– Wales. Wales has a comparable level of forest coverage to the UK, 

and has a very low amount of emission associated with degraded 

peatland, which is expected to add less than 0.5 MtCO2e to estimates 

of emissions once it is included in the inventory. Wales has a much 

lower proportion of land area used for crops compared to grasslands. 

– Northern Ireland. The livestock sector dominates agriculture in Northern 

Ireland (over 90% of agricultural GVA in 2017), particularly beef and 

dairy. This is reflected in the high proportion of grassland in Northern 

Ireland and low proportion of cropland. Forest coverage is also lower 

than the rest of the UK at around 8% (including small woodland area). 

• Differences in land acquisition costs in England, Scotland, Wales and 

Northern Ireland. Other costs are also likely to vary (e.g. based on 

remoteness of land) but it has not been possible to take this into account.  

Scotland already has a large 
forest area, but also a lot of 
degraded peatland. 
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Our 2019 Land Use Policy Report found that the set of measures to reduce 

emissions from agriculture and land use in our scenarios deliver a higher ratio of 

benefits to costs in each of Scotland, Wales and Northern Ireland than in England. 

 

Figure 4.2 Existing land use in Scotland, Wales  
and Northern Ireland compared to the UK 

 

Source: Centre for Ecology and Hydrology (2020) and CCC analysis. 

Notes: Does not include land used for agro-forestry and hedgerows (<1% at UK level) for Scotland, Wales or 

Northern Ireland. 'Forestry' includes small woodlands. 

 
c) Existing infrastructure 

 

Some differences in infrastructure will continue as far as 2050. This is particularly 

important for the gas and electricity networks, existing housing stock, and clusters 

of heavy industry: 

• The gas network is much less developed in Northern Ireland, with only 24% 

of households connected to the gas grid in 2017 (although this is 

increasing), compared to 87% for the UK as a whole.3 Scotland and Wales 

also have a higher proportion of homes off the gas grid than the UK 

average. Heat decarbonisation options that rely on the gas network will not 

be possible in these particular properties, and will require a greater use of 

other options such as heat pumps and smart storage heating. 

• The existing building stock, including current levels of energy efficiency, 

ownership or tenancy type, heating technology, suitability for low-carbon 

district heating, and the proportion of buildings that are ‘hard-to-treat’ or 

heritage properties.  

Properties off the gas grid in 
Northern Ireland are likely to 
go straight to low-carbon 
heating rather than connect 
to the gas grid. 
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Our analysis takes into account the different characteristics of buildings in 

Scotland, Wales and Northern Ireland using a detailed model of the 

housing stock. Differences in population density also affects the number of 

miles driven by people in different parts of the UK. 

• Large point sources of emissions. Existing fossil-fuelled power stations and 

industrial clusters (e.g. the South Wales industrial cluster and Grangemouth 

in Scotland) are large point-sources of emissions that will continue to pollute 

until effective measures to decarbonise them are put in place (see Chapter 

3 and the Methodology Report). Reducing emissions from any large point-

source of emissions will have a larger proportional impact on Scottish, Welsh 

and Northern Irish emissions than it will on the UK total. The timing and pace 

of the transition to low-carbon technologies at individual locations will have 

larger impact on the total emissions pathway for each nation. 

• The UK’s airport infrastructure is concentrated in England, particularly 

around London. This means that successful abatement of – or failures to act 

on – aviation emissions will have a smaller impact on the total emissions 

pathways for Scotland, Wales and Northern Ireland. 

• The Integrated Single Electricity Market is the all-island electricity network 

shared between Northern Ireland and the Republic of Ireland. As 

interconnection increases, energy policy in Northern Ireland must support 

an efficient, low-carbon electricity market to operate on both sides of the 

border. 

 

d) Potential to store CO2 
 

Carbon capture and storage (CCS) is crucial for the transition to Net Zero. In 

addition to playing a central role in reducing emissions from industrial processes 

and combustion, as well in electricity generation and potentially hydrogen 

production, CO2 will also need to be removed from the atmosphere through 

greenhouse gas removals technologies, such as bioenergy with CCS (BECCS) and 

direct air CO2 capture with storage (DACCS). 

 

Under IPCC accounting rules the emissions credit for BECCS removals is allocated 

where the CO2 capture occurs (i.e. where the biomass is combusted), rather than 

where the biomass is grown. Greenhouse gas removal technologies could – in 

theory – be located anywhere in the UK and would count towards UK emissions 

reductions. 

 

However, there are strategic reasons why BECCS and DACCS might be best 

located in certain areas of the country – such as co-location with industrial CCS 

clusters, in close proximity to CO2 storage sites (Figure 4.3), or in close proximity to 

sources of biomass. 

 

 

  

The timing with which industrial 
clusters in Scotland and Wales 
decarbonise will have a big 
impact on total emissions. 

Unlike emissions reductions, 
deployment of greenhouse 
gas removals is not tied to 
specific location. 

It would be sensible for 
engineered removals to be 
located close to CO2 stores. 
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Figure 4.3 Map of potential CO2 storage  
locations around offshore UK 

 

Source: Energy Technologies Institute LLP, NERC and The Crown Estate (2020) CO2 Stored Database.  

 

The emissions pathways for Scotland, Wales and Northern Ireland are therefore 

highly dependent on carbon storage capabilities: 

• If CCS is used in places that are not located near to CO2 storage sites, the  

CO2 that is captured must be used or transported to a storage site. This will 

incur higher costs (e.g. the additional costs of shipping CO2 at around 

£10-20/tCO2)4 and may make other solutions that do not require CCS such 

as electrification more cost competitive.  

• Large parts of Wales and Northern Ireland have more limited access to CO2 

storage sites and therefore do not appear to be the most ideal places to 

locate BECCS power plants. 

• Scotland has access to large CO2 storage sites in the North Sea, including 

disused oil and gas fields. Scotland’s land area and high forest coverage 

also provide excellent potential to grow and supply a large proportion all 

UK biomass. Together these imply Scotland is a good place for deploying 

BECCS power, although electricity transmission constraints will also need to 

be considered.  

 

Wales and Northern Ireland 
are less well-placed for CO2 
storage than England and 
Scotland. 

Removals could initially be 
from existing biomass power 
plants being retrofitted with 
CCS. 
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Particularly in the 2020s and early 2030s, the location of existing biomass power 

generation capacity in the UK will be important as these sites could be the first to 

be retrofitted with carbon capture and storage.  

 

e) Existing policies  
 
Existing and planned policies will have lasting effects for emissions pathways for 

Scotland, Wales and Northern Ireland. To the extent possible, we include these 

impacts in our analysis. These include: 

• Long-term contracts for electricity production that will drive new offshore 

wind capacity in the 2020s and recent UK Government decisions on other 

low-carbon electricity generation projects, including nuclear and tidal 

energy. 

• Tree planting. The trees that are planted today will continue to sequester 

carbon over time – particularly in Scotland where planting rates have more 

than doubled in the last five years, a supply chain is in place and funding is 

already secured for the next decade. 

• Peatland restoration. The Scottish Government is already carrying out 

significant peatland restoration actions, and has committed to fund the 

restoration of 220,000 hectares of peatland before 2030. These actions are 

included in the baseline emissions projections for Scotland, and our 

scenarios include the impacts of peatland restoration that is already taking 

place in Scotland but not yet accounted for in the existing GHG inventory. 

• Waste management policy is mostly devolved and differs across devolved 

administrations. This has been reflected in our analysis, with Wales and 

Scotland achieving higher recycling rates than England in our scenarios 

before 2030. Waste sent to landfill today can continue to emit greenhouse 

gases for decades, so existing policy will have an impact on long-term 

emissions pathways in the waste management sector. 

 

 

  

Wales and Scotland are 
outperforming the rest of the 
UK on recycling. 
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2. Pathways for Scottish, Welsh and Northern Irish emissions  

Chapter 1 of this report sets out how the Committee has developed new scenarios 

to explore a range of ways to achieve Net Zero by 2050 at the latest, and used 

those exploratory scenarios to identify a balanced pathway towards Net Zero for 

the UK. 

 

In this section, we present an analysis of what the Balanced Net Zero Pathway and 

exploratory scenarios and the for the UK mean for emissions pathways in Scotland, 

Wales and Northern Ireland. It is in four parts: 

a) Defining pathways for Scotland, Wales and Northern Ireland 

b) Balance of sectoral emissions in 2050 

c) Scenarios on the path to Net Zero emissions for the UK 

d) Range of greenhouse gas removals needed to reach Net Zero 

 

a) Defining pathways for Scotland, Wales and Northern Ireland 
 

We have derived pathways for the devolved administrations in parallel with our UK 

scenarios as described in Chapter 1 (Figure 4.4). Broadly, this approach entails: 

• Deriving a baseline emissions projection for each sector to 2050 for each of 

the devolved administrations that takes into account, as far as possible, 

differences in current and projected trends across Scotland, Wales and 

Northern Ireland. 

• Analysing the amount of abatement in each country that is consistent with 

the UK-wide scenario in each sector. 

• Combining these to provide five scenarios for each of Scotland, Wales and 

Northern Ireland for the period 2020-2050. 

• Assessing the costs, savings and co-impacts of these actions. 

 

More detail on sector-specific methodologies for deriving sectoral pathways for 

Scotland, Wales and Northern Ireland is available in each chapter of the 

accompanying Methodology Report. 

 

A challenge in defining these scenarios has been to determine where greenhouse 

gas removals in the UK scenarios could be located geographically as – unlike 

reductions in existing emissions – these are not tied to a specific geographical 

location or existing activities. 

 

The Committee’s pathway analysis does not allocate specific levels of greenhouse 

gas removals that are used in UK scenarios. This includes the combustion of 

biomass to generate electricity with CCS (BECCS power) or the use of direct air 

capture with carbon capture and storage (DACCS).  

 

All of the emissions pathways in this chapter are therefore presented without the 
inclusion of any engineered greenhouse gas removals. 
 

 

 

Here we present the results of 
our Balanced Pathway and 
exploratory scenarios for 
Wales, Scotland and Northern 
Ireland.  

Due to the difficulty of 
allocating UK removals to 
different parts of the UK, we 
present results without these. 
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However, we do provide a partial analysis of the potential for removals in two 

areas in Table 4.2: 

• Wood in construction. The potential for the use of wood in construction to 

store biogenic carbon for the lifetime of each building (typically 50-100 

years) is included in the range set out in Table 4.2. The potential for 

emissions removals from the use of wood in construction is much less than 

0.5 MtCO2 per year in our scenarios for Scotland, Wales or Northern Ireland. 

• BECCS in industry. Modelling of the manufacturing & construction sector 

identified opportunities to use biomass, biogas and biogenic wastes with 

CCS to generate process heat. These removals are not included in the 

pathways presented in this Chapter, but the range of potential is presented 

in Table 4.2. 

 

When recommending targets (e.g. in our parallel advice for Wales), we consider 

these pathways without engineered removals and then what different shares of 

total UK removals might mean for what level of emissions reduction is feasible. 

 

Figure 4.4 Our analytical framework includes  

five costed pathways for Scotland, Wales and  
Northern Ireland 

 

Source: CCC 

 

When recommending targets, 
we consider pathways without 
engineered removals and 
then consider ranges for the 
share of removals. 
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b) Scenarios on the path to Net Zero emissions for the UK 
 

i) Contribution to Net Zero emissions for the UK 
 

Across the Balanced Net Zero Pathway, the contributions of Scotland, Wales and 

Northern Ireland to emissions reductions remain comparable to their existing share 

of emissions (Figure 4.5):  

• Scotland contributes to 8% of all abatement action across the Sixth Carbon 

Budget period and 9% in 2050 in our Balanced Net Zero Pathway, 

compared to 10% of UK emissions in 2018. Scotland is likely to also have a 

significant share of UK greenhouse gas removals.  

• Wales contributes to 9% of all non-GGR abatement action across the Sixth 

Carbon Budget period and 8% in 2050 in our Balanced Net Zero Pathway, 

compared to 8% of UK emissions in 2018. 

• Northern Ireland contributes to 4% of all non-GGR abatement action across 

the Sixth Carbon Budget period and 3% in 2050 in our Balanced Net Zero 

Pathway, compared to 5% of UK emissions in 2018. 

 

 

Figure 4.5 Share of UK emissions and  
abatement during the Sixth Carbon Budget  
period and 2050 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; NAEI (2020) Greenhouse Gas 

Inventories for England, Scotland, Wales & Northern Ireland: 1990-2019; CCC analysis. 
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ii) Balance of sectoral emissions in 2050 
 

As set out in Chapter 2, the balance of sectoral emissions in the UK in our scenarios 

for Net Zero in 2050 is most sensitive to residual emissions from aviation, agriculture 

and the amount of CO2 that can be removed from the atmosphere through 

forestry and greenhouse gas removals.  

 

As the size of the existing aviation sector in Scotland, Wales and Northern Ireland is 

much smaller than England, the net emissions for each nation in 2050 are 

determined mostly by emissions from LULUCF and agriculture, and the amount of 

greenhouse gas removals that can be deployed. 

 

Figure 4.7, Figure 4.9 and Figure 4.11 show the breakdown of residual emissions in 

each scenario excluding any greenhouse gas removals.  

 

These charts also allow a comparison to the ‘Further Ambition’ scenario that was 

set out in our 2019 Net Zero report.5 Compared to the Further Ambition scenario: 

• The Balanced Pathway has lower emissions from manufacturing & 

construction and fuel supply (defined as ‘industry’ in our Further Ambition 

scenario). This is particularly important for Scotland and Wales where our 

sectoral analysis has focused on clusters at Grangemouth and South Wales. 

• The Balanced Pathway typically has comparable - or slightly higher - 

emissions in the agriculture sector.  

• The scenarios are typically lower than in the 2019 Net Zero Report, despite 

the fact that they do not have any greenhouse gas removals allocated to 

them.  

 

The Headwinds, Widespread Engagement, Widespread Innovation and Tailwinds 

scenarios explore a wider range of sectoral pathways in 2050. For Scotland, Wales 

and Northern Ireland, the sectors which have the biggest impact on emissions in 

2050 are: 

• The size of the net land use sink in 2050 which varies based on the scale of 

measures to remove carbon from the atmosphere, particularly tree 

planting.  

• The potential for further reductions in the agriculture sector due to 

behaviour changes and technological innovations. 

 

iii) Emissions pathways for Scotland  
 

Scotland’s emissions pathway gets to very low levels in 2050, reaching virtually Net 

Zero emissions in 2050 (99% reduction) even before accounting for Scotland’s 

excellent capability for greenhouse gas removals technology (Figure 4.7). Scotland 

would likely get to net-negative emissions well before 2050 in the Balanced 

Pathway once greenhouse gas removals are deployed across the UK: 

• The Balanced pathway is 64% lower than 1990 levels in 2030, and an 

average of 76% lower during the Sixth Carbon Budget period, rising to a 

99% reduction by 2050 without greenhouse gas removals (Figure 4.6). 

  

Scotland has high potential for 
natural removals and relatively 
low aviation emissions, so it 
can reach Net Zero by 2050 
even without engineered 
removals. 
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• The scenarios begin to diverge during the mid to late 2020s. Across the 

period 2033-2037, annual emissions in the Headwinds scenario are on 

average 2.4 MtCO2e (+11%) higher than the Balanced Pathway while the 

Widespread Engagement (-0.8 MtCO2e, -4%) and Widespread Innovation 

scenarios (-2.8 MtCO2e, -13%) are lower but broadly comparable to the 

level of the Balanced Pathway during the Sixth Carbon Budget period. 

• The Tailwinds scenario diverges most from the Balanced Pathway, reaching 

69% below 1990 levels by 2030 and Net Zero in 2045 without any 

greenhouse gas removals. 

 

Figure 4.6 Emissions pathways for Scotland without 
greenhouse gas removals 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019;  NAEI (2020) Greenhouse Gas 

Inventories for England, Scotland, Wales & Northern Ireland: 1990-2019; CCC analysis. 
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Figure 4.7 2050 emissions scenarios for Scotland  
in comparison to the 2019 Net Zero report 

 

Source: CCC (2019) Net Zero: The UK's contribution to stopping global warming; CCC analysis.  

Notes: The 'Industry' sector from the 2019 Further Ambition Scenario maps closely to the Manufacturing & 

Construction and Fuel Supply sectors. Fuel Supply emissions may appear slightly negative in some scenarios due to 

emissions savings from biomethane in the gas grid being allocated to Fuel Supply rather than to the end-use 

sectors. These additional emissions savings are larger than the other residual emissions from fuel supply. 

 
iv) Emissions pathways for Wales 
 

Wales’ emissions pathways also achieve very low levels of emissions in 2050 without 

the use of greenhouse gas removals (Figure 4.8).  

• The Balanced pathway is on average 78% lower than 1990 levels during the 

Sixth Carbon Budget period, rising to a 96% reduction by 2050. 

• The Widespread Engagement, Widespread Innovation and Tailwinds 

scenarios all reach Net Zero emissions by 2050 without the use of 

greenhouse gas removal technologies (Figure 4.9). 

• There is a distinct step-change in Wales’ decarbonisation pathway in the 

early- to mid-2030s due to decarbonisation at the South Wales cluster. The 

timing of the decarbonisation of Wales’ manufacturing, construction and 

fuel supply industries will be crucial for the overall Welsh emissions pathway 

as a contribution to UK Net Zero. 
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Figure 4.8 Emissions pathways for Wales without 
greenhouse gas removals 

 

Source: NAEI (2020) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2019; CCC 

analysis. 
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Figure 4.9 2050 emissions scenarios for Wales  
in comparison to the 2019 Net Zero report 

 

Source: CCC (2019) Net Zero: The UK's contribution to stopping global warming; CCC analysis.  

Notes: The 'Industry' sector from the 2019 Further Ambition Scenario maps closely to the Manufacturing & 

Construction and Fuel Supply sectors. Fuel Supply emissions may appear slightly negative in some scenarios due to 

emissions savings from biomethane in the gas grid being allocated to Fuel Supply rather than to the end-use 

sectors. These additional emissions savings are larger than the other residual emissions from fuel supply. 
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v) Emissions pathways for Northern Ireland 
 

Northern Ireland can achieve very significant reductions of greenhouse gas 

emissions in 2050 without the use of greenhouse gas removals, but none of our 

scenarios for UK Net Zero see Northern Ireland achieving Net Zero emissions 

(Figure 4.10):  

• The Balanced pathway is on average 60% lower than 1990 levels during the 

Sixth Carbon Budget period, rising to an 82% reduction by 2050. 

• None of the exploratory scenarios reach Net Zero by 2050, with the very 

stretching tailwinds scenario getting to a 94% reduction (Figure 4.11). 

• All of the scenarios see Northern Ireland reaching a further reduction by 

2050 than the ‘Further Ambition’ scenario, particularly due to greater 

emissions reductions in land use sector. 

• Emissions from agriculture are marginally higher in the Balanced Pathway 

compared to the ‘Further Ambition’ scenario from 2019. 

 

Figure 4.10 Emissions pathways for Northern Ireland 
without greenhouse gas removals 

 

Source: NAEI (2020) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2019; CCC 

analysis. 
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Figure 4.11 2050 emissions scenarios for  

Northern Ireland in comparison to the 2019  
Net Zero report 

 

Source: CCC (2019) Net Zero: The UK's contribution to stopping global warming; CCC analysis.  

Notes: The 'Industry' sector from the 2019 Further Ambition Scenario maps closely to the Manufacturing & 

Construction and Fuel Supply sectors. Fuel Supply emissions may appear slightly negative in some scenarios due to 

emissions savings from biomethane in the gas grid being allocated to Fuel Supply rather than to the end-use 

sectors. These additional emissions savings are larger than the other residual emissions from fuel supply. 
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c) Range of greenhouse gas removals needed to reach Net Zero  
 

The scenarios set out in previous sections of this chapter are presented without any 

share of UK greenhouse gas removals. This section explores the range of 

greenhouse gas removals that would be required to reach Net Zero emissions in 

any given year (Table 4.2, Figure 4.12).  

 

The conclusions of this analysis are:   

• Scotland. Greenhouse gas removals should play a role in meeting 

Scotland’s 2045 target for Net Zero and are a key reason why Scotland has 

been able to set a Net Zero target ahead of the rest of the UK. 

• Wales. Greenhouse gas removals could play a role in Wales’ emissions 

pathway. We have identified some pathways for Wales to get to Net Zero 

emissions by 2050 without the use of any greenhouse gas removals, but our 

Balanced Pathway would require 2.2 MtCO2e in 2050. There is potential for 

around 1 MtCO2e of removals in the manufacturing and construction 

sector, including 1.0 MtCO2e of BECCS and around 0.2 MtCO2e from wood 

in construction. 

• Northern Ireland would not reach Net Zero emissions even in our very 

stretching Tailwinds scenario, unless a much larger share of UK removals 

relative to Northern Ireland’s expected storage capabilities and size of 

population and economy were located there. 

 

Table 4.2 

Range of greenhouse gas removals required to meet Net Zero in a given year (MtCO2) 
 

 Required in 
Balanced Net Zero 

Pathway 

Range across Headwinds, 
Widespread Engagement 

and Widespread 
Innovation 

Potential for BECCS 
in manufacturing 

and wood in 
construction 

Amount of GGRs 
identified in 2019 
Net Zero Report 

Scotland 2045 6 3 - 9 0.5 - 1.0 12 (in 2050) 

Scotland 2050 1 0 - 4 0.5 - 1.2 12 

Wales 2050 2 0 - 4 0.5 - 1.3 1 

Northern 
Ireland 2050 

5 2 - 6 0.1 - 0.4 <1 

 

  

The 2045 Net Zero target 
remains the right target for 
Scotland. 

Wales may be able to get to 
Net Zero in 2050, depending 
on judgements around 
allocation of engineered 
removals. 

It is difficult to see how 
Northern Ireland can reach 
Net Zero for all greenhouse 
gas emissions. 
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Figure 4.12 Amount of greenhouse gas removals  
that would be required to reach Net Zero in  

a given year 

 

Source: CCC analysis. 

Notes: The range shown is defined by the Headwinds, Widespread Engagement and Widespread Innovation 

scenarios. 
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3. Implications for targets  

This report does not set out specific recommendations relating to climate 

legislation of Scotland and Wales, nor the creation of new climate legislation in 

Northern Ireland. 

 

We will shortly publish two joint reports reflecting on progress towards meeting 

Wales’ existing climate targets, and giving new recommendations on the level of 

the Wales’ Third Carbon Budget (2026-2030) and other emissions reduction targets, 

including the 2050 target. 

 

In parallel with this advice, the Committee has written to the Scottish Government 

and the Northern Ireland Executive to give further advice on meeting and setting 

climate targets.  

 

a) Targets under the Environment (Wales) Act  
 

Wales’ existing set of targets on the pathway to an 80% reduction in emissions by 

2050 are not consistent with the UK’s Net Zero target or our recommended Sixth 

Carbon Budget level. 
• In 2019, when recommending the UK Net Zero target, the Committee 

recommended that Wales should a target for a 95% reduction in emissions 

by 2050 relative to 1990. 

• The Welsh Government accepted the 95% target, and requested further 

advice from the Committee on whether a Net Zero target was feasible for 

Wales. 

• On 17 December 2020, we will give advice, as requested by Welsh 

ministers, on Wales’ Second and Third Carbon Budgets (2021-2025 and 

2026-2030) and targets for 2030, 2040 and 2050. This advice will include a 

recommendation on whether or not there is new evidence that would 

allow Wales to set a Net Zero target. 

 

Our advice on targets for Wales in the next decade is made more complex by the 

uncertainty associated with COVID-19. The lasting impacts of the pandemic on 

Wales’ emissions pathway in the next decade – either through permanent 

changes in behaviours or through reduced economic output – are still unclear. 

Future changes to the emissions inventory – particularly for emissions associated 

with forested peatland – add further uncertainty to setting those targets.  

 

b) Targets under the Climate Change (Scotland) Act 
 

Achieving Net Zero by 2045, ahead of the rest of the UK, remains the appropriate 

goal in Scotland. In our Balanced Net Zero Pathway, Scotland can achieve Net 

Zero in 2045 with a lower level of greenhouse gas removals than we assumed for 

2050 in the Further Ambition scenario for Scotland in our 2019 advice on Net Zero.  

 

In placing the Net Zero target for 2045 in legislation that amended the Climate 

Change (Scotland) Act, the Scottish Parliament also set in law a target for a 75% 

reduction in greenhouse gas emissions for 2030 on 1990 levels. This went beyond 

the 2019 Committee’s recommendation for a target of 70%. 

 

Our advice on 17 December 
2020 will provide advice on the 
various targets under the 
Environment (Wales) Act. 

Achieving Net Zero by 2045, 
ahead of the rest of the UK, 
remains the appropriate goal 
in Scotland.  
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Scotland’s 75% target for 2030 will be extremely challenging to meet, even if 

Scotland gets on track for Net Zero by 2045. Our Balanced Net Zero Pathway for the 
UK would not meet Scotland’s 2030 target – reaching a 64% reduction by 2030 – 

while our most stretching Tailwinds scenario reaches a 69% reduction. 

 
Decisions on the greenhouse gas accounting methodology made by the UK 

Government could shift Scotland’s 2030 target more in line with our analysis for this 

report: 

• Our analysis uses conservative assumptions for how the global warming 

impacts of methane emissions and the way that emissions from wetlands 

are measured in the greenhouse gas inventory in future (see Chapter 2, Box 

2.1). This is to ensure that our recommended targets can be met regardless 

of the inventory methodology that is chosen.  

• The choice of methodology for the forthcoming inventory changes makes 

a particular difference in Scotland, of around five percentage points. 

Therefore, if the lower range of both of these methodologies (‘low-low’) is 

used our Balanced Pathway would equate to a 68% reduction by 2030 and 

our Tailwinds scenario would be 73% below the baseline. 

 

The Scottish Government should not rely on uncertain methodology changes to 

meet the legal target set by the Scottish Parliament. Contingency plans must be in 

place to ensure the 2030 target can be met regardless of the inventory choices 

made. 

 

In our Balanced Net Zero Pathway, Scotland would not reach a 75% reduction in 

emissions until 2035 (range of 2033-2036 across all scenarios). This suggests the need 

to potentially accelerate fifteen years of mitigation actions by around five years in 

order to meet that target, across all sectors of the economy. This would be 

extremely challenging, as these pathways already lie near the limits of technical 

feasibility. 

 

As set out in Chapter 2, the Tailwinds scenario – our most optimistic scenario, for 

which we currently lack the evidence to have full confidence, even if good policy 

is in place – only reduces emissions in 2030 by marginally more than the Balanced 

Pathway. The analysis presented in this Chapter suggests that even full delivery of 

the Tailwinds scenario in 2030 and ‘low-low’ inventory changes would leave 

Scotland short of the 2030 target. 

 

We give further recommendations on policy actions and external factors that 

could allow the 2030 target to be met in more detail in a letter to the Scottish 

Government published in parallel with this advice. 

 

c) A Climate Change Act for Northern Ireland 
 

Achieving the Net Zero emissions for the UK by 2050 does not necessitate that 

every part of the UK gets to Net Zero. Some parts of the UK will be ‘net sources’ of 

greenhouse gases by 2050 with emissions offset in other parts of the UK that are 

‘net sinks’.  

 

The analysis carried out for this report suggests that Northern Ireland achieving Net 

Zero greenhouse gas emissions is not necessary for the UK to meet its climate 

targets.  

 

 

 

Our most optimistic scenario 
would not reach the legislated 
2030 target, even with best-
case impacts of forthcoming 
inventory changes. 
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Emissions reductions in Northern Ireland are still crucial if the UK is to reach Net Zero 

overall, though: 

• In every scenario for achieving UK Net Zero that we have constructed, 

Northern Ireland would not get to Net Zero greenhouse gas emissions by 

2050. 

• In our Balanced Net Zero Pathway, Northern Ireland would reach an 82% 

reduction in greenhouse gases by 2050 compared to 1990 levels excluding 

engineered greenhouse gas removals. 

• Northern Ireland would achieve Net Zero CO2 emissions by 2050 as part of 

the Balanced Pathway to UK Net Zero. 

 

Our current analysis does not show a credible pathway for Northern Ireland to 

reach Net Zero greenhouse gas emissions as part of its contribution to the UK Net 

Zero target. We therefore do not recommend that Northern Ireland set a Net Zero 

target for all greenhouse gases. Instead, Northern Ireland should aim for at least an 

82% reduction in all greenhouse gases by 2050. 

 

There is no purely technical reason why Net Zero is not possible in Northern Ireland. 

However, compared to the scenarios set out in this report, Net Zero GHGs in 

Northern Ireland would mean one (or both) of the following:  

• A substantial reduction in output from Northern Ireland’s livestock farming 

sector that goes beyond the stretching scenarios we have analysed in this 

report.  

• A much greater than equal share of all UK greenhouse gas removals being 

located in Northern Ireland compared to its current emissions, population or 

economic output. 

 

A target for Net Zero CO2 emissions in Northern Ireland by 2050 would be consistent 

with the UK’s Net Zero ambition.* 

 

  

Table 4.3 

Emissions reductions for Northern Ireland in the UK Balanced Net Zero Pathway 

Time period Reduction in all GHG emissions 

compared to 1990 levels 
Reduction in CO2 emissions compared to 1990 

levels 

2030 48% 56% 

Average over UK 
Sixth Carbon 
Budget period 
(2033-2037) 

60% 70% 

2040 69% 83% 

2050 82% Net Zero 

 

 

 
* The Republic of Ireland’s Climate Change Advisory Council ‘Annual Review 2020’ recommends seeking  EU 

agreement to creating a split national target for 2050: Net Zero emissions of long-lived greenhouse gases and 

anthropogenic methane’, with a separate, longer target for biogenic methane. The Committee will comment by 

letter on what an equivalent target would be for Northern Ireland.  

Our current analysis does not 
show a credible pathway for 
Northern Ireland to reach Net 
Zero greenhouse gas 
emissions. 

Northern Ireland achieving Net 
Zero CO2 emissions would be 
consistent with the necessary 
contribution to UK Net Zero. 
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4. Costs and benefits in Scotland, Wales and Northern Ireland  

Chapters 5 and 6 of this report analyse the costs and benefits of meeting the Sixth 

Carbon Budget for the UK and how those costs are distributed fairly and efficiently 

across society.  

 

The economic resource costs of reducing emissions in Scotland, Wales and 

Northern Ireland will vary by scenario and over time, as the balance of measures to 

reduce emissions will be different than for the UK as a whole. That is reflected in the 

cost estimates presented in this Chapter.  

 

We estimate the costs of taking action but do not identify how these will be paid 

for, either in terms of policy design or who pays. Chapter 6 expands on the 

distributional considerations of meeting the Sixth Carbon Budget, covering: 

• ensuring a just transition; 

• jobs and opportunities in the transition; 

• distribution of costs, household energy bills and fuel poverty; 

• competitiveness; and 

• fiscal circumstances. 

 

The net resource costs we report in this section should not be interpreted as the 

costs that would be delivered via devolved budget expenditure, nor as costs that 

only Scottish, Welsh or Northern Irish businesses and consumers have to bear.  

 

Many of the actions to reduce emissions will likely be paid for at UK level and/or 

socialised across the whole of the UK. For example:  

• The costs associated with building new low-carbon generation will be 

shared across all consumers of electricity on the GB grid. We have reflected 

this by allocating resource costs for electricity supply in proportion to 

consumption, rather than make assumptions on where new zero-carbon 

generating capacity (e.g. nuclear power stations) are located. 

• The costs of decarbonising industrial clusters could be met through a 

combination of direct financing from the UK Exchequer and/or be passed 

through to the end-users of low-carbon products. 

• A market mechanism for greenhouse gas removals could see the UK 

aviation industry offsetting emissions by paying for removals, including 

planting trees, in all areas of the UK.  

The extent to which costs and savings are shared across the UK – including the 

amount of expenditure through devolved administrations’ budgets – will be 

determined by policy at UK and devolved level. 

Table 4.4 sets out the range of annualised resource costs* associated with action in 

the devolved administrations in the Balanced Pathway. A more detailed set of 

sectoral costs will be available on the CCC website. 

 

 
* Annualised resource costs are the annualised additional investment, cost of capital and operating cost implications 

in a given year of a given measure relative to costs in an alternative scenario (generally a hypothetical world with 

no new climate action or climate damages).  

 

Estimates of overall resource 
costs at devolved level do not 
imply that these costs will be 
borne locally. 
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Our analysis shows that the costs of decarbonisation in Scotland, Wales and 

Northern Ireland are roughly proportional to their existing share of UK emissions 

during the Sixth Budget Period. 

 

Table 4.4 
Annualised resource costs over the Sixth Carbon Budget period under the Balanced Net Zero Pathway 

 UK Scotland Wales Northern Ireland 

Sixth Carbon Budget Period 
average annualised 
resource costs (£ billion) 

21.5 

 

1.6 

(7% of UK) 

1.4 

(7% of UK) 

0.6 

(3 % of UK) 
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5. Recommendations for policy 

Delivering extensive decarbonisation in the UK will require a strong policy 

framework at UK, devolved, regional and local Government level. 

Scotland, Wales and Northern Ireland have (fully or partially) devolved powers in a 

number of areas relevant to emissions reduction. There are also clear overlaps with 

the need for policies at local level. 

While all sectors will require a significant degree of interdependent policies from 

both the UK and devolved Governments, the nature of the devolution agreements 

means that the balance of policy action between devolved and UK Governments 

varies across different sectors and subsectors of the economy (Box Table 4.5). 

 

The categorisation in Table 4.5 is a useful way of framing the challenge, but the 

policy landscape is far more complex. Many areas of devolved and reserved 

policies cut across multiple sectors. For example, devolved powers (e.g. carbon 

trading, education and public engagement), and reserved powers (e.g. energy 

taxation, monetary policy and international trade) can have significant impacts in 

almost every sector. 

 

Sole responsibility for any sector of the economy cannot be simply allocated to 

policymakers in Westminster, Holyrood, Cardiff and Stormont; co-ordinated policy 

action is required across every sector and by every department.  

 

Table 4.5 
Balance of devolved powers by sector  
Sectors where key policy levers are 
‘mostly’ devolved 

Sectors where key policy levers are 
‘partially’ devolved  

Sectors where policy levers are 
‘mostly’ reserved 

• Agriculture 

• Land use, land-use change and 

forestry 

• Waste 

• Buildings (NI) 

• F-gases 

• Buildings (S, W) 

• Surface transport 

• Electricity supply (NI) 

• Electricity supply 

• Fuel supply 

• Manufacturing & construction 

• Aviation 

• Shipping 

• BECCS for power generation 

 

In total, 11% of all UK abatement in our Balanced Net Zero Pathway will take place 

in sectors where key policy levers are ‘mostly’ or ‘partially’ reserved to Scotland, 

Wales and Northern Ireland as classified in Table 4.5 (Figure 4.13). Nearly 60% of all 

the abatement in our pathways for Scotland, Wales and Northern Ireland is in 

areas where key policies are ‘mostly’ or ‘partially’ reserved. 

  

While some important policy 
levers are held in Westminster, 
powers are fully or partially 
devolved in most key areas. 

Nearly 60% of all the 
abatement in our pathways 
for Scotland, Wales and 
Northern Ireland is in areas 
where key policies are ‘mostly’ 
or ‘partially’ reserved 
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Figure 4.13 Share of UK abatement that is in  
sectors where key policy levers are ‘mostly’  

or ‘partially’ devolved  

 

Source: CCC analysis. 

Notes: The range shown is defined by the Headwinds, Widespread Engagement and Widespread Innovation 

scenarios. 

 

Strong policy action is essential in areas where key powers are largely devolved: 

• Demand-side transport measures. Devolved administrations must 

implement effective policies to make it easy for people to walk, cycle and 

use low-carbon public transport. Electric vehicle charging infrastructure 

must also be expanded across all parts of the UK to ensure that the electric 

vehicle switchover works for all road users.  

• Buildings energy efficiency. Meeting the earliest possible date for Net Zero 

emissions will require major improvements to the energy efficiency of new 

and existing buildings, in order to improve comfort levels, lower energy bills 

and prepare the building stock for a switch to low-carbon heating. Policy 

to achieve these results in Scotland, Wales and Northern Ireland will largely 

be delivered through devolved buildings standards and policy.  

• Agriculture and land use. Low-carbon farming practices, afforestation, 

agroforestry and peatland restoration all have a crucial role to play in 

reducing emissions by 2050. The framework to follow the Common 

Agricultural Policy in each devolved administration provides an opportunity 

for more closely linked financial support to agricultural emissions reduction 

and increased carbon sequestration. 

• Waste. Devolved administrations are responsible for reducing emissions 

from waste, with a focus on reducing, reusing and recycling waste, 

diverting biodegradable waste from landfill, and capturing methane from 

landfill and wastewater. 
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• Electricity and heat in Northern Ireland. Unlike Scotland and Wales, 

Northern Ireland has devolved control of its power sector, although the 

operation of Northern Irish I-SEM is affected by both UK and Republic of 

Ireland policy. For the UK to achieve Net Zero emissions, Northern Ireland 

must achieve equally ambitious decarbonisation in the power sector.  

• Heat off-gas properties in Scotland and Wales. Heat policy, energy 

efficiency and building standards are devolved, while regulation of energy 

markets, oil and gas, electricity and gas networks and consumer protection 

remain reserved to the UK Government. The Scottish Government can 

introduce measures to decarbonise heat in buildings without using mains 

gas, though it currently participates in the GB-wide Renewable Heat 

Incentive scheme.  

• Carbon trading is a devolved matter and the devolved administrations and 

UK Government have consulted on a UK-wide Emissions Trading System that 

is collectively agreed with the rest of the UK.  

• Leadership role. Effective policies in Scotland, Wales and Northern Ireland 

can set the standard for the rest of the UK. Recent examples include the 

Energy Efficient Scotland Programme and the Welsh Government’s Towards 

zero waste strategy. 

Where powers are reserved to the UK level, the devolved administrations have an 

important role in ensuring that the emissions reductions take place. In particular, 

the devolved administrations should focus on the following areas: 

• Planning. Planning frameworks are another useful lever over infrastructure 

that needs to be well aligned to objectives for emissions reduction in 

devolved administrations (e.g. through encouraging walking, cycling and 

use of public transport, ensuring readiness for or installation of electric 

vehicle charging points in new developments, and a favourable planning 

regime for low-cost onshore wind). 

• Procurement. The public sector in devolved administrations can use 

procurement rules positively to help drive emissions reductions in a number 

of areas (e.g. uptake of ultra-low emission vehicles, energy efficiency and 

low-carbon heat in buildings, low-carbon products). 

• Convening role. It is important the devolved administrations maximise their 

potential to bring stakeholders together, and facilitate dialogue and 

strengthen relationships, to enable the development of mutually beneficial 

projects that contribute to decarbonisation. 

• Working with the UK Government to ensure that UK-wide policies work for 

devolved administrations. 

• Access to UK-wide funding. The devolved administrations should seek to 

ensure that households and businesses have good access to UK-wide 

funding opportunities where possible and appropriate. 

• Communication and public engagement of climate risks and the options 

and choices available to reduce emissions across the UK. 

 

Actions by the UK Government will be necessary to deliver the Welsh and Scottish 

targets, and actions by the devolved administrations will be necessary to deliver 

the UK target. 

  

Even where the main policy 
levers are reserved to 
Westminster, there is a range 
of ways that devolved 
Governments can contribute. 
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1 Welsh Government (2019) Wales accepts Committee on Climate Change 95% emissions 

reduction target. 

2 UK Government and Irish Government (2020) New Decade, New Approach. 

3 CCC (2019) Reducing emissions in Northern Ireland. 
4 BEIS (2018) Shipping CO2 – UK Cost Estimation Study. 

5 CCC (2019) Net Zero – The UK’s contribution to stopping global warming. 
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Introduction & key messages 
 

As the world increasingly embraces a trajectory towards Net Zero emissions around 

mid-century (see Chapter 7), the costs for any country of following that trajectory 

are likely to fall, while the risks of following an alternative path increase. Our 

scenarios reflect that, by transitioning as fast as possible within constraints such as 

for stock turnover and supply chain capacity. Our proposed budget would send a 

clear signal that the UK welcomes low-carbon investment. 

 

The transition to Net Zero emissions will be capital-intensive, with increased upfront 

spending that in turn yields ongoing savings in fuel costs. Much of these 

investments and savings will come from and go to the private sector, both 

businesses and individuals. Overall, we find that the net costs of the transition 

(including upfront investment, ongoing running costs and costs of financing) will be 

less than 1% of GDP over the entirety of 2020-2050, lower than we concluded in our 

2019 Net Zero report. 

 

In the near-term, against the backdrop of the economic damage from the COVID-

19 crisis, the required investment can support the UK’s recovery. Longer term, it 

provides benefits in reduced operating costs, lower emissions and benefits to 

health and the environment, and possible intangible benefits for the UK 

internationally.  

 

Our conclusions reflect analysis of the pathways set out in Chapters 2-4, new 

research on the macroeconomic impact of those pathways, and advice from 

expert groups convened for this and our previous reports. 

 

Our key conclusions in this chapter are: 

• UK low-carbon investment each year will have to increase from around £10 
billion in 2020 to around £50 billion by 2030, continuing at around that level 

through to 2050. That compares to total investment in the UK of around 

£390 billion in 2019. Similar scale-ups to this have been seen in the past in 

the key sectors of power, transport and buildings. The increase is 

deliverable, primarily by private companies and individuals, alongside other 

investment, provided effective policy is put in place. A key focus must be to 

continue effective low-risk policy for the power sector and extend it to 

other sectors, especially residential heating and energy efficiency.  

• Much of the investment spending can be recouped through lower 
operating costs. These savings, many of which relate to reduced reliance 

on imported fossil fuels, will rise to around £35 billion by 2035 and £60 billion 

by 2050. 

• Our estimates of annualised resource costs have fallen to less than 1% of 
GDP for the entirety of the period 2020 to 2050. That is lower than our 2019 

estimate for the cost of reaching Net Zero emissions (we previously 

expected cost to rise to 1-2% of GDP by 2050). 

• UK GDP may well be boosted. In the near-term, especially as the economy 

rebuilds after the COVID-19 crisis, increased investment can provide a 

multiplier effect to stimulate activity (and employment) in the rest of the 

economy. Although investments will have to be repaid in later years, there 

will be offsetting operating cost savings. Modelling commissioned for this 

report indicates a potential boost to GDP of around 2% by 2035. At worst 

the economy would return to similar levels to those expected without 

climate action. 

The required investment leads 
to large reductions in 
operating costs. 

The UK’s pathway to Net Zero 
requires a major investment 
programme that can help the 
UK’s economic recovery. 

The net annualised cost will be 
less than 1% of GDP through to 
2050. 
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• There may be further economic benefits from innovation or industrial 
opportunities. Our analysis is based on reasonably conservative 

assumptions over development of low-carbon technologies. Particularly 

with the recent strengthening apparent in global climate action, 

technology costs could fall very much faster (e.g. as witnessed previously 

for offshore wind), implying greater economic benefit. We have also not 

assumed any boost to GDP from UK firms capturing valuable parts of the 

growing global value chain for low-carbon products (the size of the UK 

manufacturing sector remains relatively constant in our pathways). 

• Health, well-being and the environment will also benefit. Our pathways to 

meet the Sixth Carbon Budget involve several changes with wider benefits. 

Increased walking and cycling and healthier diets would, if achieved, 

improve health, as will improved air quality as fossil fuel use is reduced and 

more comfortable homes as energy efficiency is improved. Transformations 

in our land to restore peatland and to plant trees and hedges provide 

opportunities to deliver environmental and well-being benefits, as well as 

improving our resilience to the impacts of climate change. 
 

This chapter focuses on the aggregate economic impact. While costs are small 

overall, they could be large for particular people, sectors or areas. The risk of 

localised impacts should be a key focus for the Government. The next chapter 

considers these related issues of how the costs are spread within the economy, 

including jobs and the just transition, energy bills, public finances and 

competitiveness. 

 

This chapter is in five sections:  

1. Background to assessing the economic implications 

2. Capital investment and operational savings 

3. Annualised resource costs during the transition 

4. Macroeconomic impacts 

5. Co-impacts along the path to Net Zero 

 

There may be wider economic 
benefits and benefits to health 
and the environment. 
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1. Background to assessing economic implications

a) The economic background

When the Committee recommended the UK’s Net Zero target for 2050 we 

demonstrated that the overall economic impact was likely to be small and could 

turn out to be positive. Action is clearly preferable to inaction given the large risks 

and costs from unchecked climate change. 

The COVID-19 crisis has sharply changed the economic backdrop in the UK and 

globally. The has UK lost almost 800,000 payroll jobs since the beginning of the 

pandemic as of October 2020,1 with several million additional citizens receiving in-

work support from the Job Retention Scheme. Relative to August 2019, GDP was 

9% lower in August 2020.2 Business investment also fell by around a quarter. These 

effects bring their own challenges but imply considerable spare capacity in the 

economy and therefore that increasing investment could support the UK’s 

recovery.  

In our 2020 Progress Report to Parliament we outlined the opportunity for a ‘green’ 

recovery - many climate investments can be delivered quickly, have high 

economic multipliers (i.e. they in turn stimulate further boosts to economic activity), 

create high numbers of jobs, and boost spending in the UK (rather than overseas). 

They can also bring a range of wider benefits, including for health and well-being.3 

b) Our approach in this report

Our analysis in this report builds on our 2050 analysis in our 2019 Net Zero report by 

evaluating the path for costs and benefits from 2020 to 2050. We have updated 

our assumptions to reflect new evidence (e.g. the latest offshore wind auctions 

and new research) and our wider range of pathways allows us further to explore 

uncertainty. We continue to draw on the advice from our expert advisory group on 

costs and benefits4 and have also drawn on new advisory groups on finance and 

health (see sections 2 and 5). 

Cost estimates are made relative to a hypothetical counterfactual of no-further-

climate-action: the costs and benefits are those of additional action relative to 

today. However, we note that such a ‘no-further-action’ world would increasingly 

bring its own costs and risks that we have not attempted to characterise. These 

would include costs from the impacts of climate change and increased risk and 

disruption by pursuing a direction that runs strongly counter to that adopted by 

and expected by businesses across the economy.5 Therefore our approach is likely 

to overstate the costs - which nevertheless are relatively small. 

The chapter first presents cost estimates for capital and operating costs (in section 

2), before grouping them together to look at the overall annualised cost of the 

transition with borrowing costs included (in section 3). We then consider the 

potential effect on GDP (in section 4), as well as the co-benefits of climate action 

(in section 5). 

Even with lower or positive economic impacts overall, we continue to emphasise 

the importance of a more granular analysis, particularly focussed on regional, 

sectoral and distributional impacts. We discuss these issues in Chapter 5. 

There is a clear opportunity for 
a ‘green’ recovery from the 
COVID-19 pandemic.  

Cost estimates are reported 
relative to a baseline of ‘no-
further-climate-action’. 
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Box 5.1 
Different metrics in this chapter 

This chapter discusses many different measures of cost, which have different 

applications: 

 
• Change in capital investment. Additional capital investment reflects the in-year 

spending required to deploy a given measure of abatement (excluding cost of 

capital). Much of the costs of this investment will be annualised through financial 

products and services, meaning that end payers (e.g. electricity users) will likely 
spread payments over longer time periods and also incur an additional cost of 

capital. However, the initial spending, and therefore stimulus, will occur in the years of 

the investment. 

• Change in operational costs. Additional operating costs refer to the difference in in-

year running costs between an abatement measure and the technology it replaces. 

For example, the difference in cost between buying gas for a boiler and electricity for 

a heat pump that replaces it. In most cases operating costs fall. 

• Annualised resource costs. Annualised resource costs are estimated by adding up 
costs and savings from carbon abatement measures and comparing them to costs in 

an alternative scenario of no-further-climate-action. Capital investments are 

annualised and include costs of capital so that capital-intense and fuel-intense 

technologies are more easily compared. Broadly, annualised resource costs measure 
the extra amount that needs to be spent each year to deliver the same services 

without emissions. This has been our headline measure for reporting economy-wide 

costs in previous reports, such as our 2019 Net Zero report and our 2015 advice on the 

Fifth Carbon Budget. 

– For example, installing energy efficiency measures (e.g. loft insulations, 

cavity wall insulations) in homes has an upfront cost but reduces demand 

and emissions. 

– There is an investment cost from installing the measures (e.g. labour costs, 
costs of building materials) followed by an ongoing stream of fuel and cost 

savings as well as costs of capital. The annualised resource cost measures 

its annualised investment costs less its cost savings. 

– This exercise is applied to all abatement measures in the economy to 

estimate total annualised resource costs. We treat demand-side measures 

(e.g. changes in travel choices and diets) as hav ing zero cost – they would 
generally have operating cost savings but could also imply welfare losses 

(though we note that the changes in our scenarios, such as a shift to 

walking and cycling, could well be welfare enhancing). 

• GDP impacts. As resource costs do not consider the structural changes implied by 

different costs (for example, the effect of shifting resources from imported fossil fuels 

to UK investment), we consider also the wider macroeconomic impact through 
economic modelling. Further impacts could result from increasing business 

confidence to invest and through capturing some of the value of growing global 

markets for low-carbon goods and services. 

• Co-impacts. The changes in our scenarios imply important additional impacts, which 

are generally positive, such as for health and the environment. Although it is possible 

to monetise these, the evidence is incomplete and they generally do not map clearly 
to the economic measures above. As with the impacts of climate change that we 

are seeking to mitigate, they are often better understood in terms of their actual 

impact (e.g. as the number of lives potentially saved), so we present them separately 

to the economic figures.  
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2. Capital investment and operational savings 

The Net Zero transition will be capital intensive as many low-carbon technologies 

have high upfront investment cost, in return for low ongoing operational costs. This 

represents a change from the technologies they are replacing, which tend to 

have higher ongoing costs but lower upfront costs.  

 

This section considers those two components of cost in turn: required investment 

upfront and then savings in operational costs. Section 3 then combines these 

elements to show a holistic view of annualised resource costs on the path to Net 

Zero. 

 

This section is in two parts: 

a) Investment required for the Net Zero transition 

b) Operating costs and savings 

 
a) Investment required for the Net Zero transition 
 

i) What our ‘investment’ estimates measure 
 

This section sets out estimates for the additional in-year gross capital investment of 

building a low-carbon economy.  

• The investment estimates represent the additional cost of purchasing or 

installing low-carbon technologies and providing the associated 

infrastructure for a low-carbon system, compared to a high-carbon system. 

We do not deduct reduced downstream investment, for example in fossil 

fuel extraction (but the reduced costs of purchasing fossil fuels are included 

in our operating cost savings below). 

• They are ‘money out the door’ in a given year, recognising that some 

assets take multiple years to build (e.g. a wind farm), and are presented in 

real £2019 values. We do not attempt to split out supply chain investments 

or development spending that may occur earlier in reality and may or may 

not take place in the UK. 

• The investment estimates do not include the costs of borrowing (we cover 

cost of capital in the section 3). 

 

As an example, transport sector ‘investment’ includes the additional upfront cost 

(not the finance payments) in each year of electric vehicle purchases compared 

to if fossil-fuelled vehicles had been bought instead, to which we add costs of 

additional charging infrastructure. We do not include investment in factories to 

produce electric vehicles or their batteries, nor do we reflect lower investment in 

fossil fuel extraction, refining or distribution.  This avoids double-counting costs that 

are components of the costs of vehicles and their fuels.  

 

ii) The investment estimates 
 

In our Balanced Net Zero Pathway, this in-year capital investment ramps up 

significantly during the 2020s and early 2030s from around £10 billion in 2020 to 

around £50 billion by 2030.  

Investment estimates are the 
in-year additional cost of 
purchasing or installing low-
carbon technologies 
compared to a high-carbon 
system. 
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It remains at approximately this level or slightly above until 2050 (Figure 5.1). By 

comparison, Gross Fixed Capital Formation in the UK in 2019 was approximately 

£390 billion (17% of GDP).*  

 

We have not explicitly modelled in-year capital investment post-2050, but it is likely 

that it will decrease as costs of low-carbon technologies continue to fall and as 

capital replacements can be deployed more cheaply than the projects they 

replace.  

 

While all sectors considered require additional capital investment relative to the 

no-action counterfactual, the main drivers of additional capital expenditure are: 

• Electricity supply (yellow in Figure 5.1). The additional capital investment 

(on average £15 billion over the Sixth Carbon Budget period) reflects the 

upfront cost of building capital-intensive low-carbon capacity such as wind 

farms, as well as the need to at least double the size of the electricity sector 

by 2050. The investment is considerably larger than for gas-fired power 

plants and confers later savings in fuel use. The additional investment falls 

after the 2030s as the required build rate for low-carbon capacity begins to 

fall and as costs of low-carbon technologies fall.  

• Fuel supply (grey green) covers the investment to build production and 

storage facilities for a low-carbon hydrogen supply.    

• Networks (grey). Networks refer to the infrastructure investment (i.e. ‘pipes 

and wires’) required to enable our pathways, principally investment in 

electricity transmission and distribution networks, but also development of 

Carbon Capture and Storage (CCS) infrastructure. In our scenarios, 

deployment of electricity network infrastructure tracks the demand and 

capacity of electricity generation.† It therefore increases over time. Should 

this deployment be front loaded to ‘future-proof’ the electricity network this 

investment will occur earlier.  

• Surface transport (purple). Additional investment in this sector mainly refers 

to the higher upfront purchase price of zero-emissions vehicles and the 

costs of the supporting charging/refuelling infrastructure. Although we 

expect battery costs to fall, we assume that conventional cars would also 

have become cheaper if they remained mass market, so our estimates 

reflect a continued upfront premium for electric cars throughout the period 

– this is likely to be conservative but remains much smaller than the resulting 

fuel saving. The rise from the 2030s reflects the large-scale roll-out of low-

carbon HGVs which have higher upfront costs than fossil-fuelled 

alternatives. 

• Buildings (orange). Investment in energy efficiency measures, such as 

insulation, are prioritised between 2020 and 2030 in our analysis, explaining 

the initial ramp up in investment. From 2030 onwards, the primary driver of 

additional capital investment is the deployment of low-carbon heating, 

especially heat pumps, in residential and non-residential buildings. Heat 

pumps are more efficient than gas boilers, but more expensive to install. 

 

 

 
*  Our investment estimates do not directly align with ONS’s GFCF data. Differences in the calculations include 

transport and retrofitting housing. Whilst investment in transport equipment is included in GFCF, increased upfront 

spending for private car purchases is not – this is captured under ONS consumer spending. Permanent fixtures 

installed in residences are captured under GFCF, but boilers and heat pumps would be captured under ONS 

consumer spending. Nevertheless, GFCF provides a useful comparator for economy-wide investment. 

† This excludes network balancing costs (e.g. storage and frequency management). These costs are estimated to be 

around £1 billion per annum. 

The Sixth Carbon Budget 
requires a large investment 
programme, worth around £50 
billion each year from 2030 to 
2050. 

Most of this investment is in 
electricity generation, energy 
networks, buildings and 
surface transport. 
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• Land Use, Land-Use Change and Forestry (LULUCF) (green). Our Balanced 

Pathway involves a change in how the UK uses its land, and significant 

expansion of tree planting. This drives a significant additional capital 

investment. 

 

Box 5.2 and Table 5.1 set out many of the underpinning cost assumptions for this 

analysis. To the extent that these assumptions turn out differently (e.g. if costs for 

renewable technologies or electric vehicles fall more quickly than we have 

assumed), the required investment levels would also differ for the same outcomes. 

It is also likely that investment requirements fall more in later years than we have 

assumed, for example because replacing low-carbon technologies at the end of 

their lives is likely to be cheaper than their initial installation costs. 

 

Figure 5.1 The Balanced Net Zero Pathway 

Investment programme 2020-2050 

 

Source: CCC analysis. 

Notes: This figure shows a partial picture of the required investments, without offsetting savings as operational costs. 

This figure is therefore not indicative of the net costs of decarbonisation. For a full picture of the costs of Net Zero, 

see Figure 5.4. Electricity supply 2020 data is an average of historical 2018/2019 data and modelled 2020 

investment. LULUCF = Land use, land-use change and forestry. 

 

 

 

 

 

 

 

 

 

 

In-year capital investment 
must ramp up quickly during 
the 2020s. 

Capital requirements stabilise 
at a ‘new-normal’ of around 
£50 billion additional 
investment per year from 2030 
to 2050. 
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Box 5.2 
Cost assumptions for our Balanced Net Zero Pathway 

Some of the key technologies required to achieve Net Zero have proven to be far 

cheaper than even the most optimistic forecasts. There is also potential for as-yet-

unknown technologies to emerge in the next 30 years that further reduce costs. Th is could 

enable faster, cheaper progress to be made reducing the UK’s emissions to zero.   

 

The Committee discussed in detail the impacts that innovation has on costs in our 2019 

Net Zero report (see Chapter 7).6 The costs and benefits of mass production have 

continued to become clear. As in our 2019 report, we have been conservative in our 

assumptions around falling cost of different technologies. Our Widespread Innovation 

scenario explores how costs might fall further. Our Balanced Pathway reflects the 

following key assumptions: 

 

• Renewable power generation. We have assumed modest reductions in the cost of 

renewables, incorporating the most recent offshore wind auction prices. There remains 

scope for costs of these technologies to fall further through learning-by-doing during 

deployment, which continues to increase globally.  

• Nuclear power. Nuclear is a mature technology, but we assume cost reductions for 
future plants after Hinkley Point C from utilising similar plant design and lower-cost 

financing arrangements (which the Government are currently considering).  

• Batteries. Batteries, like renewables, are commercialised at scale and have come 

down in cost significantly in recent years. With significant increases in expected roll-out 

of electric vehicles globally, cost reductions should continue.  

• Heat pumps. Heat pumps follow similar assumptions to our Net Zero report. We assume 

no major decreases in the cost of the technology, but future cost savings should arise 

from efficiencies in installation as the UK industry scales up. This may be a conservative 
assumption overall, as equipment costs could also fall, for example if different heat 

pump technologies are developed, or reflecting that the air-to-water heat pumps 

expected in the UK are a much less established technology.  

• Hydrogen. The hydrogen used in our scenarios is assumed to come mainly from 

electrolytic production of hydrogen using renewables and gas reformation in the UK 

with CCS. While reformation currently appears to be the lowest-cost option, we do not 
expect large cost reductions. We do expect cost reductions in the capital costs of 

electrolyser technologies, though the majority of the cost is likely to remain the 

operating costs of the technology. Towards 2050, as renewables make up a large 

proportion of the electricity mix, we see opportunities for low-cost electrolytic 

hydrogen to be produced by renewable electricity that may otherwise be curtailed.  

• Carbon capture and storage. CCS is still at the technology development and 
demonstration phase, although 51 large-scale projects are now operating or under 

development around the world.7 Commercialisation and wide scale development of 

CCS is likely to be needed globally as decarbonisation efforts increase. There is scope 

for cost reductions in capture plants as the technology enters this development stage 

and less scope for cost reductions in CCS transport and storage infrastructure.  

• Bioenergy with CCS (BECCS).  Sustainable harvested biomass or biogenic waste 
sources used with CCS results in negative emissions. Our scenarios include costs for a 

range of BECCS applications (e.g. producing electricity, hydrogen, av iation biofuels 

and industrial combustion) which can provide similar overall net emissions reductions. 

Though our scenarios are conservative on the cost assumptions for CCS, we do see 
some opportunities for retrofitting of CCS plant to existing bioenergy facilities to reduce 

overall BECCS costs. Almost all bioenergy facilities install CCS by 2050. 

• Direct air capture of CO2 with storage (DACCS). Direct Air Capture is currently at the 

pilot stage, with a small number of test facilities in operation globally. Given the early 

stage of development, costs of DACCS both now and at larger scales in the future are 

highly uncertain. Our scenarios suggest that the cost of DACCS could fall by 50-70% 
compared to today. The modular nature of DACCS could see faster cost reductions 

with mass roll-out, although energy requirements are likely to remain high. Direct Air 

Capture of CO2 can also be combined with low-carbon hydrogen to produce 

synthetic transport fuels, although costs will be higher than DACCS. 

Source: CCC analysis. 
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Table 5.1 
Cost assumptions behind key technologies  

 
 
 
Technology 

Balanced Pathway Widespread innovation 

Cost in  
2020 

Cost in 
2035 

Cost in  
2050 

% cost 
reduction 
by 2050 

Cost in  
2050 

Electricity 
supply 

Offshore 
wind £45/MWh £43/MWh £40/MWh 11% £23/MWh 

Solar PV £55/MWh £43/MWh £40/MWh 27% £23/MWh 

Nuclear £105/MWh £85/MWh £85/MWh 19% - 

Gas CCS - £80/MWh £80/MWh - £80/MWh 

Heat 

Air source 
heat 
pumps 

£6,415 £4,970 £4,490 30% £3,850 

Ground 
source 
heat 
pumps 

£13,380 £10,365 £9,365 30% £8,025 

Hybrid heat 
pumps 
 
With 
hydrogen 
 
With 
biofuels 

 

 

 

£7,460 

 

£9,370 

 

 

 

£6,120 

 

£7,695 

 

 

 

£5,675 

 

£7,140 

30% for 

heat pump 

component 

 

 

 

£5,080 

 

£6,400 

Transport 

Batteries 
(for electric 
vehicles) 

£121/kWh £46/kWh £42/kWh 65% £42/kWh 

Batteries 
(for HGVs) 

£370/kWh £105/kWh £65/kWh 82% £42/kWh 

Fuel cells 
(for HGVs) £520/kWh £237/kWh £174/kWh 67% £86/kWh 

Removals 

Bioenergy 
with CCS 
(average) 

£120/tCO2 £106/tCO2 £98/tCO2 18% £98/tCO2 

DACCS £430/tCO2 £240/tCO2 £180/tCO2 60% £120/tCO2 

Fuel 
supply 

Hydrogen 
production 

£78/MWh £37/MWh £37/MWh 52% £31/MWh 

Ammonia 
production £145/MWh £76/MWh £75/MWh 48% £64/MWh 

Synfuels 
production 

£280/MWh £140/MWh £116/MWh 59% £84/MWh 

 
Source: CCC analysis. 

Notes: All costs in £2019. Heat pump costs reflect average size in modelling, with the average size of an ASHP being 5.4kW, the average size of a GSHP 

being 8.1kW, and the average size of air source heat pumps in hydrogen and biofuel hybrids being 4.1 and 8.1kW respectively. GSHP costs include 

the average costs of groundworks, based on an assumed split of 80%/20% borehole and trench systems. Heat pump costs do not include the 

additional costs associated with household conversion, such as radiator upgrades and hot water tanks. These costs can be up to around £3,500 for a 

medium sized home. Costs of electricity generation in 2020 are strike prices for latest Contracts for Difference.  
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Figure 5.2 reflects the Balanced Pathway on which our recommended Sixth 

Carbon Budget is based. The other scenarios in this report present a similar picture 

with investment scaling up rapidly to 2030 before flattening off, while 

demonstrating the uncertainty over the exact investment requirements (Figure 5.2). 

Although the Widespread Innovation and Tailwinds scenario achieve faster 

reductions in emissions, they do not involve higher investment costs as they assume 

greater cost reductions are achieved for low-carbon technologies (in part 

reflecting more opportunity for learning-by-doing in deployment).  

 

The Headwinds scenario has lower investment requirements, but also much lower 

operating cost savings. 

 

Figure 5.2 Comparison of capital investment 
across exploratory scenarios 

 

Source: CCC analysis. 

Notes: This figure shows a partial picture of the required investments, without offsetting savings as operational costs. 

This figure is therefore not indicative of the net costs of decarbonisation. For a full picture of the costs of Net Zero, 

see Figure 5.4.  

 

  

There is uncertainty around the 
exact level of investment 
required, but all our 
exploratory scenarios follow 
similar trajectories. 
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b) Operating costs and savings 
 
i) What our ‘operating cost’ estimates measure 
 

This section sets out estimates for the additional operating costs or savings that 

occur in-year through operating a low-carbon system. As the low-carbon system is 

typically more energy efficient, operational costs are generally cost saving and 

represent a pay back on the investments outlined above: 

• The operating cost estimates represent additional costs or saving of running 

low-carbon solutions once they have been deployed relative to the cost of 

the high-carbon option they replace.  

• There are costs or savings each year. For example, the avoided 

maintenance costs of electric vehicles would be an operational saving, as 

would the savings in petrol and diesel to run the vehicle. The cost of buying 

the vehicle would not be included, as we include that in our estimates of 

investment above.  

• As for all of our cost estimates, we do not include the impacts of taxes or 

other transfers. 

 

Most of the costs of generating low-carbon electricity are in the upfront costs of 

building generation capacity (with the exception of generation with carbon 

capture and storage, where the fuel costs are more important).8 Since those costs 

are included in our investment figures, we do not ‘double count’ the costs of using 

that electricity to power electric vehicles or heat pumps. We also allocate the 

small remaining operational cost for operating a low-carbon electricity system to 

the electricity sector. 

 

ii) The operating cost implications of the Balanced Pathway 
 

Many - though not all - of the technologies deployed in our Balanced Net Zero 

Pathway have considerably lower running costs than the alternatives they replace. 

The transport sector has by far the largest opportunity to save costs, with some 

further savings available for buildings and electricity supply. 

• Electric vehicles and HGVs. Electrified surface transport is far more efficient 

than high-carbon alternatives and has significantly lower maintenance 

costs. Overall, this can deliver annual operating cost savings of over £30 

billion by 2050. The majority of this (over £20 billion) is from eliminating the 

need for petrol and diesel in road vehicles (noting that the costs of 

electrification are largely reflected in the increased investment cost in 

vehicles and generating capacity). A further £7 billion is saved in annual 

maintenance, reflecting the fewer moving parts associated with electric 

drivetrains. Electrifying and improving efficiency for rail saves a further £4 

billion.  

• Electricity supply. Low-carbon electricity generation is typically capital-

intensive. It has high upfront costs and low costs in operation, in particular 

by avoiding fuel costs. The complete decarbonisation of the electricity 

sector by 2035 in our Balanced Pathway reduces operating costs by 

around £10 billion per year relative to the high-carbon alternative, even 

allowing for the operational costs of meeting the extra demand from 

electrification.*  

 

 
*   Low-carbon generation already makes up around half of UK electricity generation, otherwise savings would be 

higher. 

Many of the technologies 
deployed during the transition 
have considerably lower 
running costs than the 
alternatives they replace. 

Electric vehicles are far more 
efficient than fossil-fuel 
powered alternatives and their 
deployment will result in 
operating savings of over £30 
billion per year by 2050. 
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• Low-carbon buildings. Energy efficiency improvements and switches to 

low-carbon heating deliver reductions in operating costs for buildings. As 

with the transport sector the costs of electrification are largely captured in 

the upfront costs of installing heat pumps and low-carbon generating 

capacity. Total operational savings are around £8 billion per year by 2050.  

• Other. In other sectors, where electrification and the switch to renewable 

generation plays a less dominant role, operational cost increases and 

savings largely offset. Switching to hydrogen tends to increase costs, as 

does the slight increase in bioenergy use from today (so, for example, 

operating costs are expected to increase for shipping). However, these are 

offset by improved efficiency and some electrification. 

 

By 2050, aggregate operating cost savings will be similar to the annual investment 

requirements for the Net Zero transition (Figure 5.3). Operating cost savings build 

over time as low-carbon technologies are rolled out across the entire stock of 

vehicles, buildings and other capital stock. We note that operating cost savings 

could also imply reduced demand for some UK economic activity.  

 

Although much of the saving reflects reduced demand of fossil fuels, the savings 

above point to important implications for sectors such as refining and vehicle 

maintenance. We consider these issues in Chapter 6. 

 

Figure 5.3 Capital and investment costs and  

operating cost savings in the Balanced Net Zero 
Pathway 

 

Source: CCC analysis. 

Notes: Costs of electricity are included in the energy supply sector, whereas costs of other low-carbon fuels such as 

hydrogen and bioenergy are included in the sectors that use these fuels. M&C is manufacturing and construction. 

Other category includes aviation, shipping, land use, land-use change and forestry, agriculture, removals, waste 

and F-gases.  

By 2050, aggregate operating 
cost savings will be similar to 
the annual investment 
requirements for the Net Zero 
transition. 

Capital investment 
requirements ramp up quicker 
than operational savings. In-
year operational savings 
exceed in-year capital 
investment from the mid-2040s. 
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iii) Financing the Net Zero investment programme 
 

Now is an ideal time for the UK to invest. There are historically low interest rates and 

a potential demand shortage for that cheap capital. Economic recovery from the 

COVID-19 pandemic necessitates stimulus and many of the measures detailed in 

this report have been shown to have high economic multipliers. The challenge for 

Government is to make sure sufficient investment comes forward and to design 

policies to ensure that is done at the lowest possible cost. 

 

The Committee convened an expert advisory group to explore how the investment 

programme required to deliver the Sixth Carbon Budget could be financed, and 

what mechanisms could help to do this at lowest cost (Box 5.3). 

 

Our advisory group concluded that the ‘depth of the UK’s capital markets along 

with its growing expertise in sustainable finance means that this significant ramp-up 

in the scale of investment is eminently deliverable.’  

 

Key to scaling up financing will be implementing real-economy policies to ensure 

enough demand for finance (for example, stimulating the demand in the 

residential buildings sector to retrofit homes with low-carbon heating). The group’s 

policy recommendations, including for a National Investment Bank, are 

summarised in Box 5.3 and set out in more detail in the Committee’s 

accompanying Policy Report and in the group’s own report.  9 

 

While the aggregate investment programme is clearly large and would materially 

affect the economy, the scale of change is not dissimilar to those observed over 

recent decades. 

• UK aggregate investment has fluctuated since 1970 between 15% and 28% 

of GDP and was near the bottom of that range in 2019 at 17%.10 Delivering 

the additional capital investment outlined would raise UK investment to 

around 20% of GDP (if other investments remain the same).  

• The UK power sector has already scaled up annual investment since 2004 

from around £4 billion to around £18 billion in the late 2010s as renewable 

deployment increased, driven by effective policy support.11 Contracts have 

already been awarded through Government auctions to increase that 

further into the mid-2020s in line with our Pathway. 

• The £10 billion increase in annual spending on vehicles can be compared 

to a (real terms) increased spend on cars of around £4 billion over the last 

decade and £10 billion in the previous decade.12 More recently, increased 

costs reflect a trend towards larger cars, especially SUVs. That shift would 

have increased motoring costs, whereas the extra £10 billion required 

largely to shift to electric vehicles will bring large cost savings. 

• Between 2010 and 2019, yearly investments in renovating residential 

buildings increased from £27 billion to £32 billion. The 2013 homes energy 

efficiency programme resulted in approximately £1.4 billion of additional 

investment per year. Larger increases also occurred in new buildings. 13  

 

It is therefore reasonable to expect that the required increase in investment will be 

deliverable by private firms and individuals provided effective policy is used to 

ensure that these investments can be profitable.  

 

 

 

 

 

Now is an ideal time to invest, 
with historically low interest 
rates and a need for 
economic stimulus. 

The UK is well positioned to 
deliver the investment required 
to achieve Net Zero, so long as 
policy is well designed. 

The scale-up in investment 
needed is large but has 
abundant historical 
analogues. 
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Box 5.3  
Expert Advisory Group on financing Net Zero 

In March 2020, the CCC convened an expert advisory group on Net Zero finance to 

advise on the question: What is the role for finance in delivering the Sixth Carbon Budget 

and how can Government support it at least cost? 

 

The group was chaired by Professor Nick Robins of the London School of Economics 

supported by Roberta Pierfederici, and consisted of Andy Howard (Schroders), Dr Ben 

Caldecott (Oxford University), Daniel Klier (HSBC), Ingrid Holmes (Federated Hermes), 

Rishi Madlani (RBS), Dr Rhian-Mari  Thomas (Green Finance Institute) and Steve Waygood 

(Aviva). 

 

The group were convened for four meetings between March and September 2020. 

During these meetings the group mapped the financial system’s current ability to deliver 

a Net Zero target, analysed the investment requirements to deliver the CCC’s Balanced 

Pathway, identified potential barriers to delivery, and discussed issues relating to fairness 

and just transition. An additional meeting was scheduled to specifically analyse the 

impacts of COVID-19 on the UK’s ability to achieve Net Zero. 

  

The report made many observations and conclusions about the current state of the UK 

financial sector and its future ability to deliver Net Zero and the Sixth Carbon Budget.  

The key outputs of the report were 15 specific recommendations as well as guiding 

principles for Government and the sector. 

  

Headline conclusions of the report: 
  
• Deliverability of investment programme. The depth of the UK’s capital markets and its 

globally leading position in sustainable finance mean that the significant ramp up of 

capital investment needed is wholly achievable, providing that key barriers are 

addressed. 

• COVID-19 has deepened rather than deflected financial sector commitment to 

climate action. The way that the UK exits the economic crisis associated with the 
pandemic will profoundly shape its ability to meet climate targets, whilst also being 

an opportunity to achieve broader economic and equity goals. 

• Systemic interventions. Delivering the investment programme will require the UK 

financial system to adapt so that it is fit for the Net Zero age. This will require all 

aspects of the system to undergo shifts including public finance at all levels of 

Government and institutions, private finance, regulators and end-users.  

Recommendations of the report: 

• Strategic recommendations. The UK should commit to be the world’s first Net Zero 

financial system, focus on making Net Zero projects and plans investable and design 

all Net Zero policies so that investments are resilient, fair and enable local action. 

• Private finance recommendations. The UK should publish both sector-specific 

strategies and system-wide instruments to enable market innovation. Climate skills 
and knowledge of the UK’s financial practitioners should be deepened. The literacy, 

expertise and confidence of the end users of financial services should be built to 

increase demand for climate-aligned products. 

• Financial regulation recommendations. The UK should fully integrate climate risk and 

Net Zero into financial regulation and monetary policy. Net Zero targets should be 

made mandatory for financial institutions. Investor stewardship should be extended 
to incorporate achievement of Net Zero. Clear metrics are needed for the Net Zero 

transition at an institutional and investment level.  

• Public finance recommendations. The post-COVID-19 recovery plan should be used 

to fast track climate investment, reset fiscal investment and connect public debt with 

climate goals. Net Zero and sustainability goals should be set for existing public 

financial institutions. A National Investment Bank with a clear green mandate should 

be established. 

• International recommendations. The UK should build the international frameworks 

needed that can accelerate the financing of Net Zero, resilience and just transition.  
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• Tracking recommendations. The UK should establish a regular assessment of 

investment needs and financial flows for climate action in the UK. 

Principles outlined in the report: 
 
• The investment requirement to achieve Net Zero can be met if effective policies and 

market frameworks are in place. 

• The mindset needs to shift from measuring the risks of climate change on finance to 

the alignment of finance with Net Zero, resilience and just transition. 

• Real-economy policies need to be investable to attract increased amounts of 

capital at low cost. 

• Financial policy and regulations need to be designed with Net Zero in mind and 

institutional gaps filled to increase the efficiency of capital intermediation. 

• Successful Net Zero financing depends on an effective financial architecture. 

Tracking financial flows 

The group highlighted the importance of increased tracking of capital into different 
areas of the UK’s economy. To enable this, the UK financial sector will need to be 
capable of classifying ‘green’, ‘brown’ and ‘grey’ investments. 

• Green investments. Investments into low-carbon technologies or sectors (e.g. a 

company that exclusively builds wind turbines).  

• Brown investments. Investments into high-carbon, non-transitioning technologies or 

sectors (e.g. a company specialised in building coal fired power plants with no CCS). 

• Grey investments. These investments are more difficult to classify, and refer to 

technologies or sectors that may be transitioning, or capable of transitioning (e.g. a 

utilities company with high current emissions but a robust Net Zero target).  

The Government should work with the financial sector to create clear guidance as to 

what composes a green, brown and grey investment, and how they should be treated 
in ESG portfolios. The recent announcements by HMT are positive first steps (Box 5.5). 

Tracking these flows will require a new or expanded institution, distinct from Government, 

with analytical capability and expertise in the financial sector. 

 
Source: The Road to Net Zero Finance, CCC Advisory Group on Finance. Professor Nick Robins, Roberta 

Pierfederici, Dr Ben Caldecott, Ingrid Holmes, Andy Howard, Daniel Klier, Rishi Madlani, Dr Rhian-Mari Thomas and 

Steve Waygood.  
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3. Annualised resource costs during the transition 

Section 2 presented the large investment programme for our Net Zero pathways 

and the significant operational savings that it yields over time. Investment costs 

were allocated to the years in which the investments occurred, not spread over 

the lifetimes of those investments based on an assumed cost of capital.  

 

This section annualises the investment costs to present the annualised resource 

costs for our scenarios, which is the basis on which we have presented costs in 

previous reports, including our 2019 Net Zero report. We find annualised resource 

costs that are expected to peak at less than 1% of GDP during the Sixth Carbon 

Budget period, remain relatively constant through the 2030s and early 2040s.  

 

This section is in four parts: 

a) Annualised resource cost estimates 

b) Average abatement cost estimates 

c) Uncertainties and sensitivities on annualised resource cost estimates 

d) Risks of higher costs and unintended consequences 

 

a) Annualised resource costs to achieve the Sixth Carbon Budget 
 

To calculate annualised resource costs we annualise the capital investment costs 

over their lifetimes using a suitable cost of capital (Box 5.4) and subtract in-year 

operating cost savings. The result indicates the extra spend required each year to 

provide the same goods and services but in a low-carbon way. We aim to include 

all relevant costs (for example, for electric vehicles we include the cost of buying, 

running and maintaining the vehicle, the charging infrastructure including network 

reinforcements, and ancillary costs such as insurance). 

 

We report these annualised resource costs for comparability with our previous 

estimates, but they should not be taken to imply an overall economic effect given 

the important stimulus benefits that the investment programme can bring during 

the recovery from the impact of the pandemic (section 4) as well as other co-

impacts (section 5), nor the avoided costs of additional climate change. 

 

Our analysis indicates that the annualised resource cost of reducing GHG emissions 

to Net Zero would rise towards 0.6% of GDP by the early 2030s, remain at 

approximately this level through the 2030s and early 2040s, before falling to 

approximately 0.5% by 2050. Our scenarios demonstrate the potential for slightly 

higher or lower costs, all around 1% of GDP or less (Figure 5.4). 

 

This is lower than the estimates in our Net Zero report for the costs of meeting the 

Net Zero 2050 target (1-2% of GDP), which themselves were in line with the cost 

deemed acceptable by Parliament when the Climate Change Act was passed for 

an 80% target in 2008.  

 

 

 

Annualised resource costs are 
the net of annualised capital 
investments (including cost of 
capital) and the in-year cost 
savings. 

Annualised resource costs of 
meeting the Sixth Carbon 
Budget would rise toward 
around 0.6% of GDP by the 
early 2030s. 

Our updated cost estimates 
are lower than estimated in 
our 2019 Net Zero report. 
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The change reflects new evidence and new assumptions: * 

• Cheaper electricity. Our latest technology costs for low-carbon electricity 

are lower than assumed previously. This reduces costs for the electricity 

sector and for sectors where electrification is an important option. This is 

based upon more recent costs of key renewable energy technologies 

reducing dramatically. In 2019 we assumed that the cost of offshore wind 

would be £50/MWh by 2050. In early 2020, the Government awarded 

contracts at just over £45/MWh for projects commissioned in 2023-25. 

• Increased deployment of lower-cost technologies. Some sectors see 

reduced costs because of more extensive roll-out of lower-cost low-carbon 

technologies, which our updated analysis suggests is feasible. For example, 

in the electricity supply sector we assume a higher percentage of 

renewables by 2050 than we did in our Net Zero report, and expect these 

to be cheaper than CCS plants or nuclear power. In manufacturing and 

construction, our detailed new research has indicated more scope for 

lower cost electrification. 

• Lower engineered removals. Our 2019 estimates included high estimates for 

the cost of the final 4% of emissions reductions – we described the various 

options as ‘Speculative’ and assumed a cost based on an estimate for the 

cost of CO2 removal of up to £300/tCO2. Our detailed bottom-up 

assessments for this report have identified and included more low-cost 

options, including for changed behaviours, reducing the need for 

expensive CO2 removals. 

 

We continue to expect the highest annualised resource costs to occur in the 

buildings and manufacturing and construction sectors and, in later years, from CO2 

removal from the atmosphere (Figure 5.5). We expect significant cost savings from 

the transport sector and in the longer-term from the electricity supply sector, with 

relatively similar costs as in the no-action world for agriculture, aviation and waste. 

These findings reflect the latest understanding of the costs of the most important 

options, set out in subsection (d) below.  

 

The balance of annualised resource costs across Scotland, Wales and Northern 

Ireland is broadly in line with their shares of emissions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
* A small part of the impact is a result of our using a different baseline in this analysis. In 2019, we used a counterfactual 

world where no action on climate had occurred. As discussed in section 1, the analysis in this report uses a baseline 

of no-further-action. This means that a degree of the investment is already in the baseline in this analysis rather than 

included in future costs. It also means some of the cost reductions from existing climate policy (e.g. vehicle and 

building efficiency improvements that have already occurred) are not included. However, these changes are 

offsetting and do not materially affect 2050 estimates, by when most investment cycles will have completed. 

The highest annualised 
resource costs are expected in 
the buildings, removals and 
manufacturing and 
construction sectors. 
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Box 5.4  
Cost of capital and the importance of good policy 

 

To calculate annualised resource costs we use a cost of capital of 3.5% for any 

investments by Government or by households (e.g. purchase of electric cars and 

installation of energy efficiency in homes) and a range of higher costs of capital for 

investments by private companies (e.g. 6%-10% in the electricity supply sector 

depending upon the technology used). Given current record-low interest rates, this is 

arguably a conservative approach. 

 

Good policy can ensure that the cost of capital is reduced significantly, bringing 

material cost savings. Ensuring competition will also help cut costs and prices. 

 
• To illustrate the impact that cost of capital could have upon the cost of the transition 

the Finance advisory group proposed a best possible Weighted Average Cost of 

Capital (WACC) as well as an illustrative high WACC – 1.5% and 7.5% respectively.  

• The difference between a 1.5% and 7.5% WACC for the investment programme in 
Figure 5.1. is worth an additional £14 billion of annual borrowing costs (for an 

illustrative 7.5 year payback period). 

• While there is high uncertainty around the likely future costs of capital this analysis 

indicates the importance of keeping costs of capital low through good policy.  

The Finance advisory group (Box 5.3) pointed to the UK’s Electricity Market Reform as an 

example of a well-designed, coherent and effective package of policies to encourage 

low-carbon investment: 

 
• A clear direction. Since the Climate Change Act was passed, it has been widely 

understood that the power sector would have to decarbonise heavily given its high 

emissions and to support electrification in other sectors. 

• A stable, predictable carbon price. The UK introduced a carbon price floor in 2013 to 

underpin the price in the EU Emissions Trading System. 

• Investable market instruments. Following initial progress under the Renewables 

Obligation, long-term contracts for low-carbon power generation were announced 

in 2011, to be awarded by competitive auction. Emerging technologies (e.g. offshore 

wind) were explicitly supported in addition to more mature options. 

• Product standards. European efficiency standards for lights and household 

appliances drove down electricity use as products were replaced over time with 

more efficient models. 

• Enabling measures. Potential blocks on progress were addressed, guided by public-

private collaboration, for example, through the Green Investment Bank. 

A recent report indicated that the average Weighted Average Cost of Capital (WACC) 

of UK offshore wind farms has decreased from over 10% in 2010 to below 7% in 2020.14 

This has contributed nearly 20% of the cost reductions over the same period.  
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Figure 5.4 Annualised resource costs of the 
transition 

 

Source: CCC analysis. 

Notes: Percentage of GDP compares absolute annualised resource costs to OBR projections of GDP in that year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annualised costs are expected 
to peak in the early 2030s and 
then remain constant during 
the 2030s and early 2040s. 
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Figure 5.5 Annualised resource costs in 2035 and 
2050 in Balanced Net Zero Pathway 

 

Source: CCC analysis. 

Notes: When costs are presented as percentage of GDP, this is relative to OBR projections of GDP in the given year.  

 

b) Average abatement cost estimates 
 

The previous sections have considered the economy-wide picture for costs. 

However, it is also useful to consider the costs of individual measures or action in 

specific areas. Table 5.2 shows average abatement costs (per tonne of 

abatement) of key low-carbon options in 2035 and 2050. Average abatement 

costs are calculated by dividing the total amount of abatement in each sector by 

the annualised resource cost required to achieve it. It highlights that there are 

many actions with low costs and some actions that are more expensive. 

• Some sectors are cost saving by 2050. Implementation of measures 

outlined in Chapter 3 result in annualised resource cost savings for surface 

transport, electricity supply, fuel supply, agriculture and aviation. 

• Some sectors have neutral or low costs. Measures to decarbonise the 

waste, LULUCF sources and F-gases sectors can be implemented at little or 

no cost. 

• Some sectors will be more expensive. Decarbonising manufacturing and 

construction, buildings and shipping incurs annualised resource cost of 

£80/tCO2e or more by 2050. Enhancing land-use sinks, and developing the 

removals sector will also incur greater costs. 
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Electricity supply and surface 
transport yield significant costs 
savings by 2050.  

Reducing emissions is expected 
to save money in transport and 
electricity supply in the long-
term. Higher costs are expected 
in buildings, industry and 
shipping. 
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Given this mix of costs and savings, our conclusion is that overall costs are likely to 

be smaller than predicted in 2019, and manageable. Our Balanced Net Zero 

Pathway indicates that net annualised resource costs are on average £17 billion 

per year during the Sixth Carbon Budget period, and decrease to £12 billion per 

year by 2050. This is a significant reduction from our previous estimate of £50 billion 

in 2050 in our Net Zero report. 

 

Table 5.2a 
Average abatement costs in 2035 by sector and subsector 
 
Sector or measure Abatement cost (£/tCO2e) Sector or measure Abatement cost (£/tCO2e) 

 

Electricity supply 

 
55 Shipping 135 

Variable renewables 
 

-80 Agriculture -60 

Firm low-carbon power 
 

45 Crops and soils -730* 

Dispatchable generation 

with CCS 
130 Livestock -110 

Residential buildings 

 
140 Machinery 225 

Existing homes: behaviour 

change 
-60 Waste management -170 

Existing homes: low-

carbon heat 
230 LULUCF sources -10 

New homes: energy 

efficiency and low-

carbon heat 

135 LULUCF sinks 125 

Non-residential buildings 

 
175 Waste 30 

Manufacturing and 
construction 

65 Surface transport -20 

Fuel supply 

 
70 Cars and vans -10 

Biomass 
 

65 Rail and public transport -710* 

Carbon Capture Utilisation 

and Storage (CCUS) 
160 HGVs 90 

Electrification 
 

90 Aviation -45 

Engineered removals 

 
105 Efficiency, hybridisation -530* 

Bioenergy with CCS 
 

75-150 Low-carbon fuels 115 

Direct Air Capture with 

CCS 
170-240 F-gases -5 

 
Notes: * Some efficiency measures (e.g. for soils, aviation) save money and yield small emissions savings; this implies a large negative £/tonne.  

Not all sub-sectors shown, see databook for full breakdown. 
 

 

 

 

 

 

 

 

 

 

Overall costs are likely to be 
smaller than predicted in 2019, 
low as a proportion of overall 
spending and manageable. 
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Table 5.2b 
Average abatement costs in 2050 by sector and subsector 
 
Sector or measure Abatement cost (£/tCO2e) Sector or measure Abatement cost (£/tCO2e) 

 

Electricity supply 

 
-50 Shipping 180 

Variable renewables 
 

-85 Agriculture -60 

Firm low-carbon power 
 

45 Crops and soils -525* 

Dispatchable generation 

with CCS 
130 Livestock -185 

Residential buildings 

 
185 Machinery 75 

Existing homes: behaviour 

change 
-55 Waste management -305* 

Existing homes: low-

carbon heat 
220 LULUCF sources -10 

New homes: energy 

efficiency and low-

carbon heat 

145 LULUCF sinks 130 

Non-residential buildings 

 
170 Waste 70 

Manufacturing and 
construction 

80 Surface transport -65 

Fuel supply 

 
65 Cars and vans -65 

Biomass 
 

60 Rail and public transport -625* 

Carbon Capture Utilisation 

and Storage (CCUS) 
180 HGVs 115 

Electrification 
 

125 Aviation -45 

Engineered removals 

 
100 Efficiency, hybridisation -275* 

Bioenergy with CCS 
 

50-160 Low-carbon fuels 110 

Direct Air Capture with 

CCS 
120-180 F-gases -1 

 
Notes: * Some efficiency measures (e.g. for soils, aviation) save money and yield small emissions savings; this implies a large negative £/tonne.  

Not all sub-sectors shown, see databook for full breakdown. 
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Figure 5.6 sets out the 2050 findings styled as a ‘Marginal Abatement Cost Curve’, 

which compares the average cost of abatement of key subsectors to the 

abatement achieved by those subsectors. We emphasise that the order these 

appear in the chart is only one factor to consider in prioritising actions. As well as 

taking advantage of cost-saving measures like switching to electric vehicles, it will 

be important to make progress in areas that are more expensive now to drive 

down their costs for the future (e.g. as has been seen for offshore wind) and to 

make progress in areas like buildings, where progress is needed now to stay on 

track to reach Net Zero emissions in 2050. All these measures need to be delivered 

to meet our proposed Sixth Carbon Budget and the 2050 Net Zero target.  

 

Figure 5.6 Average costs of abatement across 
major subsectors in 2050 

 

Source: CCC analysis. 

Notes: Full datasets can be downloaded in the Sixth Carbon Budget dataset at www.theccc.org.uk  

M&C stands for manufacturing and construction. LULUCF = Land use, land-use change and forestry.  

1 – Aviation: Demand management and agriculture: behaviour change 

 

 

c) Uncertainties and sensitivities on resource cost estimates 
 

There is significant uncertainty when making estimates of this type far into the 

future (as changes from past cost estimates suggest) and several factors could 

result in lower or higher costs.  

 

Our exploratory scenarios for the pathway to Net Zero illustrate some of the 

uncertainty over costs (Figure 5.4). These reflect both different choices between 

alternative abatement options (e.g. energy efficiency has a larger role in our 

Engagement scenario) and different assumptions (e.g. our Innovation scenario 

assumes hydrogen electrolysers fall rapidly in cost).  

Cost of abatement is only one 
factor to consider when 
prioritising actions.  

Around half of the measures to 
reduce emissions are 
expected to be cost saving by 
2050, primarily decarbonising 
electricity and surface 
transport. 

Residential buildings is the 
most expensive sector to 
decarbonise, but needs to do 
so to meet Net Zero. 
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They also reflect somewhat different levels of effort (e.g. the Tailwinds scenario, 

which benefits from widespread innovation and engagement, reduces emissions 

to Net Zero by 2042 rather than 2050). Broader uncertainties imply a similar range 

around our cost estimates.  

• Long-term GDP growth. We use the Office for Budget Responsibility's (OBR)

baseline GDP growth assumption to estimate GDP our to 2050, which

assumes annual GDP growth of 1.6% from 2027 to 2050. If GDP growth were

lower out to 2050 (e.g. if growth were just 1% per annum in the longer term)

the annual costs of achieving the Net Zero target would be 0.6% rather

than 0.5% of GDP in 2050. This estimate does not allow for any reduction in

the absolute abatement cost that could follow from lower energy demand

under a lower GDP growth rate.

• Lower fossil fuel prices. The central cost estimates above use BEIS's central

values for future gas and oil prices. If fossil fuel prices were at the lower end

of the BEIS estimate then the relative costs of low-carbon technologies

would be higher. For our 2019 Net Zero report we calculated sensitivities for

the BEIS low and high fossil fuel price scenarios that increased or reduced

overall costs in 2050 by around 0.5% of GDP.*

• Technology costs. Innovation could bring technology costs down faster

than expected. We note that the signs of strengthening climate action

internationally (e.g. Net Zero targets announced for China, the EU, Japan

and South Korea) imply a possibility of more rapid technology development

driven by global deployment.

– Electricity price sensitivity. A 10% reduction in the electricity price we

assumed for our analysis in 2050 would further reduce annualised

resource costs for end use sectors by up to £6 billion per year in 2050

(0.16% of GDP in 2050).

– Hydrogen price sensitivity. A 10% reduction in the price of low-carbon

hydrogen assumed for 2050 would further reduce annualised resource

cost for end use sectors by up to £1.5 billion per year in 2050 (0.05% of

GDP in 2050).

• Costs of capital and discounting. Interest rates are at record lows (e.g. 0.1%

for most of 2020) and the economy needs attractive investment

opportunities. However, for the purposes of this analysis we have continued

to use Green Book guidance based on a social discount rate of 3.5% and

increased costs of capital for business investments. As set out in Box 5.4, a

lower cost of capital would reduce annual borrowing costs by billions of

pounds.

These uncertainties mean it is not sensible to be overly precise in reporting cost 

estimates. We emphasise our estimate of less than 1% of GDP, rather than our 

central estimates of 0.6% for the Sixth Carbon Budget period and 0.5% for 2050. 

Other studies have found similarly small overall costs (Box 5.5). 

*  We note that fossil fuel sensitivities are potentially mis-leading as they are endogenous to climate action – as the

world has more success in reducing fossil fuel use, so fossil fuels are likely to become cheaper. That is a benefit of

global climate action, but appears to increase cost in this characterisation. 

Broader sensitivities imply costs 
the order 0.5% of GDP higher 
or lower than we identify. 
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d) Risks of higher costs and unintended consequences

The uncertainties on costs in the previous section do not change the conclusion 

that aggregate costs are likely to be relatively small compared to GDP. 

In this section we consider more qualitative and systemic risks, in particular the risks 

of poor policy leading to escalating costs. However, the Committee’s view is that 

these are risks best managed through careful policy design, rather than by 

adopting less ambitious targets. That view is reinforced by considering the 

implications of a slower transition, and the risks that it would also entail. The risk of 

localised negative impacts should have particular attention – as we discuss further 

in Chapter 6. 

The Net Zero transition will be a policy-led transition across the economy. That 

brings risks that poorly implemented policy leads to much greater than expected 

costs: 

• A failure to allow suitably for competitiveness risks could lead to loss of

viable installations or deep damage to particular sectors. This could lead to

localised impacts that are not easily compensated by increased activity

elsewhere in the economy. The Government has previously recognised that

by introducing exemptions and compensations for energy-intensive

industries from climate policy costs.

• A failure to develop electricity market arrangements, such as the capacity

market and balancing markets, to ensure security of supply as the share of

intermittent renewables increases could cause wider economic damage if

confidence in the reliability of UK energy supplies is affected.

• Poor policies leading to poor implementation could result in extra costs that

are not considered here. For example, poorly installed insulation that leads

to damp, over-heating or safety issues may need to be removed and

replaced, leading to unnecessary costs.

Box 5.5  
External cost estimates 

External estimates of the costs of reducing emissions to Net Zero also support the 

conclusion that costs are unlikely to be more than a very small fraction of GDP (and there 

could be benefits):  

• European Union. The European Commission’s 2050 long-term strategy estimated that a 
Net Zero GHG scenario for 2050 could be achieved at an annual GDP impact to the 
European Union of between a 1% GDP cost and a 0.6% GDP boost in 2050, relative to 
an 80% reduction scenario. The impact relative to a current policies baseline ranged 
from a cost of 1.3% to a boost of 2.2% of GDP in 2050.

• G20. The OECD’s modelling also suggests a small impact to GDP from climate change 
mitigation. It estimated an average annual GDP cost across G20 countries of 0.3% in 
2050 for a scenario with 66% probability of limiting temperature rise to 2°C, relative to a 
scenario with 50% probability, and benefit of 2.5% of GDP in 2050 relative to a baseline. 

These estimates assume a 'decisive transition', where structural reform, fiscal initiatives 

and green innovation accompany carbon abatement policies.

• The Energy Transitions Commission estimates that decarbonising the 'hard-to-treat' 
sectors (heavy industry and heavy transport) would cost less than 0.5% of global GDP 
by mid-century. 

While these analyses suggest a range of uncertainty, they all point to a small overall 

effect and suggest that it is possible that GDP could end up higher under scenarios with 

strong action to cut emissions. 

Uncertainties on cost will not 
change the conclusion that 
aggregate costs are likely to 
be relatively small compared 
to GDP. 

As with any policy-led 
programme, there are risks of 
higher costs from poor 
implementation and design.  
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• Administrative costs could be high or implementation could prove more 

difficult than expected - for example, the roll-out of smart meters has been 

repeatedly delayed. 

• A failure to provide a stable direction and policy certainty could introduce 

a risk premium and significantly increase costs of capital. Electricity market 

reform has been successful in this regard (Box 5.4). 

• More generally, any large transition brings risks of unexpected or 

unintended consequences not yet identified. 

 

It is important to consider these sorts of risks, particularly in policy design, but we do 

not consider them reasons to adopt a less ambitious carbon budget: 

• We have designed our scenarios to allow time for effective policy to be 

implemented and for markets and supply chains to respond. There is time 

to deliver provided decisive progress begins immediately. 

• The required changes are well understood and research continues across 

all areas, including in policy design. The history of, for example, electricity 

market reform demonstrates that the UK has the capacity to develop and 

implement effective policies to deliver changes, and at lower costs than 

often assumed in predictive scenarios like the ones in this report.  

• Even if costs did increase materially above our projections, their aggregate 

would remain relatively small. For example, if we add an arbitrary 

£100/tonne premium to half of the abatement required to 2035, the 

aggregate cost would increase by around 0.6% of GDP. Given our 

assessment in the next section that the wider economic impact of our 

scenarios could be a boost of around 2% to GDP, this could still imply a 

programme that was economically beneficial overall. 

• There are also potential unknown or unintended upsides, for example from 

spill-overs arising from innovations driven by the Net Zero transition. For 

example, historical reductions in costs of solar panels driven by global 

deployment have enabled greater energy access globally. Spill -overs from 

battery development for electric vehicles could bring new benefits for 

consumer electronics. 

 

A slower path to Net Zero would also bring its own large-scale risks that would also 

be hard to manage: 

• As COP26 president the UK is uniquely placed to lead a more rapid global 

transition. A less ambitious UK transition could lead to a slower global 

programme and higher levels of climate change.  

• Our proposed budget implies a decisive and clear pathway supported by 

policies that can give businesses confidence that their investments will be 

future-proofed. A slower path could introduce more uncertainty and more 

room for indecision that will increase costs of capital and lead to more 

capital scrappage as high-carbon investments continue unnecessarily. 

• Slow progress can also lead to unnecessary costs. For example, the 

historical failure to ensure that new homes are built to high zero-carbon 

standards has meant that over a million homes have been built that will 

require more expensive retrofit in later years and that have higher than 

necessary energy bills for their occupants. 

• A slower path would miss opportunities for increased investment to provide 

a boost to the recovery and to use under-utilised resources in the economy. 

A slower path to Net Zero 
would bring its own  
large-scale risks.  
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• The recent increase in climate commitments in other countries also 

emphasises there are risks attached to moving too slowly. For example, the 

EU are considering introducing border tariffs targeted at high-carbon 

imports and has signalled raising its 2030 emissions reduction target to 55%. 

 
These conclusions align to those of our Net Zero expert advisory group on costs and 

benefits. Their report emphasised that the benefits (including decreased climate 
risk) of Net Zero outweigh the costs, that good policy design is vital to keep costs 
low and maximise benefits and that clarity around the decarbonisation pathway is 

a key enabler of innovation. They also echo the Bank of England’s assessment, 
which identified the material risk that ‘transition risk’ poses to financial and 
economic stability in the UK. They highlight the importance of disclosure and 

forward planning to smooth out this risk. 
 
 

  

Our Net Zero expert advisory 
group on costs and benefits 
concluded that the benefits of 
Net Zero outweigh the costs, 
good policy design is vital and 
clarity will enable innovation.  
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4. Macroeconomic impacts 

While they are a useful indicator, estimates of annualised resource costs such as 

those set out in section 3, are not the same as macroeconomic impacts. In 

particular, the shift in spending from imported fossil fuels to UK investment is likely to 

affect the economy. Against the current backdrop of low investment, low interest 

rates and high unemployment the impact is likely to be positive. When we 

reconvened our costs and benefits advisory group in May 2020, they reinforced this 

message, concluding that the economic recovery from COVID-19: ‘gives the UK a 

chance to grow back in a way that is fit for the low-carbon future to which it 

aspires, and that can benefit from the industrial and economic developments that 

this future offers’. 

 

In this section we summarise the Committee’s conclusions on the need for a green 

recovery and set out the results of modelling we commissioned on the economic 

impacts of our recommended pathway. We also consider potential industrial 

opportunities. 

 

While this section focuses on the aggregate effect on the economy, there will also 

be important effects, both positive and negative, within the economy – for 

particular sectors, regions and groups of people. Those are considered in Chapter 

5. 

 

a) A ‘green recovery’ 
 

The pandemic and the measures introduced to respond to it have had huge 

effects on the economy that have not yet had their full impact: 

• Unemployment increased from 3.9% over April-June 2019 to 4.5% over the 

same period for 2020. An additional 9.6 million jobs (over 20% of the 

workforce) were on temporary furlough under the Government’s Job 

Retention Scheme.15 It remains to be seen how many of those jobs return as 

policy support is removed. 

• The impact on production output has remained significant. In August 2020 

production output was 6% below February 2020, the last full month of 

‘normal’ operating conditions. 

• In the wake of the initial pandemic, the Bank of England cut its interest rate 

to 0.1%. 

 

The Committee previously identified opportunities to use the investment 

programme needed for Net Zero to help support the recovery:16 

• Green stimulus policies can be economically advantageous in the short-run 

when compared to traditional fiscal stimulus. They have been shown to 

create more jobs and have higher short-run multipliers. 

• In the long run, investments in low-carbon and adaptation technologies 

create a ‘virtuous reinforcing cycle’ as initial investments lower costs and 

help to accelerate deployment and innovation. This has been seen most 

dramatically in the wind, solar and battery technology industries.  

 

Given the opportunity for investments to help stimulate the UK’s economic 

recovery, it is more important than ever to assess the potential economic effects 

beyond annualised resource costs. 

Annualised resource costs are 
not the same as 
macroeconomic impacts. 

Green stimulus policies would 
support the UK’s recovery from 
the economic down-turn. 
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b) Estimated GDP impact 
 

To identify the potential effect of our recommended pathway for the Sixth Carbon 

Budget we commissioned Cambridge Econometrics (CE) to use their macro-

econometric model. Their analysis suggests a boost to GDP growing to around 2% 

of GDP by 2030, with an accompanying boost to employment of around 1%: 

• Box 5.6 summarises the CE work. It demonstrates that despite the added 

costs involved the transition is expected to boost GDP. This reflects that the 

stimulus impact of the increased investment brings more resources into the 

economy and economic multipliers are increased as less UK spending goes 

on imported oil and gas. 

•  The conclusions of this analysis are consistent with the findings of other 

studies (Box 5.5).   

 

The CE analysis indicates an ongoing benefit throughout the period considered (to 

2050). It may be that over time the relative boost is eroded as spare capacity in 

the economy drops, although there are also likely to be longer-term benefits for 

productivity and innovation from shifting resources to low-carbon options: 

• The CE analysis expects the GDP boost to continue growing after 2030 

before levelling off at around a 3% boost by 2050. This largely reflects the 

impact of reducing imports of oil and gas and directing spend instead to 

the UK economy. It also reflects an assumption of ongoing spare capacity 

in the economy, which could prove hard to sustain – the CE analysis 

assumes that employment will be 1% higher than it would have been across 

the full period 2020-2050. 

• If in the long run there is less spare capacity in the economy than assumed 

by CE, then the GDP boost could be lower, but still positive. The resource 

cost of up to around 1% of GDP provides a worst-case estimate for the 

economic impact, but appears unlikely given the various economic 

dynamics it ignores. 

• The low-carbon technologies deployed in our Sixth Carbon Budget 

pathways are likely to have more scope for innovation and productivity 

improvements than continued imports of fossil fuels. The markets for oil and 

gas are mature, meaning that significant productivity and cost 

improvements are unlikely to occur. By comparison we are seeing rapid 

improvements in the cost and productivity of low-carbon technologies (e.g. 

renewable energy and batteries for electric cars). 

• Our budget advice comes against a background of increasing numbers of 

businesses committing to their own Net Zero targets and trajectories. An 

ambitious Sixth Carbon Budget that ensures policy follows the same 

direction can help support business confidence and certainty in what to 

expect from policy. 

 

We conclude that the investment programme set out in section 2 can provide a 

significant economic boost in the coming years and support the UK’s economic 

recovery.  

 

These benefits may well persist into the longer-term and could grow if the new 

technologies continue to develop rapidly and provide spill-overs to other sectors. 

At worst the economy would return to something similar to what would have been 

expected without climate action, but with lower risks from the impacts of climate 

change and valuable co-benefits as set out in section 5. 

 

Modelling by Cambridge 
Econometrics indicates a 
boost to GDP of around 2% by 
2030, alongside a 1% boost to 
employment from the actions 
to meet the Sixth Carbon 
Budget. 

This reflects the shift in 
spending from oil and gas 
imports to UK investment. 
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Box 5.6 
Cambridge Econometrics analysis of the economic impacts of the Sixth Carbon Budget  

This chapter so far has outlined the investment requirements, operating cost savings and 

financing costs associated with the deployment of low -carbon technologies and 

behaviours in our scenarios. Although this implies a net cost (of less than 1% of GDP) th is 

does not give a comprehensive view of the wider implications for the UK economy of 

the programme of decarbonisation envisaged for the Sixth Carbon Budget.  

 

Therefore, alongside our work for the Sixth Carbon Budget we commissioned Cambridge 

Econometrics to run their E3ME model, which replicated activity across the whole 

economy using our Balanced Pathway, and compared this to a world with no further 

climate action. In order to simplify assumptions this modelling assumed that the majority 

of increased costs incurred to pay for decarbonisation were paid through increased 

taxation, and no impacts of COVID-19 (e.g. higher unemployment) were considered.  

  

The results show that despite there being an overall cost in bringing about the 

technologies to reduce carbon emissions, there is an increase in economic prosperity, in 

terms of an aggregate increase in GDP, jobs and real disposable incomes. In particular, 

this is due to:  

 

• Investment in capital. The transition to a low-carbon economy requires that 
investment is brought forward into relatively capital-intensive technologies. The 

private and public investment stimulus makes use of spare capacity in the economy 

(i.e. unemployed resources, assumed to be available throughout the period to 2050 

in the modelling) and therefore increases the level of output (GDP). 

• Reduction in oil and gas imports. A particular feature of the UK economy is the high 

proportion of imports in the supply of oil and gas. As the economy transitions from 
ongoing spending on imported oil and gas in favour of low-carbon domestic 

investments, leakage from the UK economy is reduced and the implied economic 

multiplier increases, leading to increases in GDP and employment. 

• Falling electricity prices, from switching to a low-cost, renewables-led system. 

Overall, the increased level of economic output, as measured by GDP, creates demand 

for additional employment both in low-carbon jobs, and in the wider economy, as a 

result of increased GDP. Over the projection period employment is around 1% higher, 

equivalent to around 300,000 jobs.* As increased costs are assumed to be paid through 

increased taxation, the transition is progressive, and leads to increased income across all 

income brackets (including through paying less for electricity). 

 

The study presents a simplistic illustration of what a transition to Net Zero could look like 

for the UK, and key limitations include not having assessed multiple alternative pathways, 

not considering the near-term impacts of COVID-19 (which would likely reinforce the 

results, driven by increased spare capacity in the economy), and major uncertainties 

such as fossil fuel prices, and different levels of climate action in other countries were not 

considered.  

 

 

 
* This figure represents a net increase in employment, recognising that there is a reduction in employment in some 

sectors, such as refining, and an increase in others such as manufacturing and construction. 
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Figure B5.6 GDP and employment in the Sixth 
Carbon Budget Pathway 

 

Source: Cambridge Econometrics (2020) Economic impact of the Sixth Carbon Budget. 

 

c) Industrial opportunities 
 

The Committee’s 2019 Net Zero Report identified some of the areas where 

decarbonisation could provide industrial opportunities to the UK (see Net Zero 

Report Chapter 7). These highlighted industries remain relevant: 

• Finance and insurance. The UK is already a world leader in green finance 

and insurance, and is well positioned to consolidate its position. The 

Government has already signalled its intention to make green finance one 

of the major themes of COP26, and backed this up with strong 

commitments such as establishing the Green Finance Institute as well as 

more recent announcement (Box 5.7).  

• Low-carbon power and vehicles. The roll-out of electric vehicles globally will 

create significant industrial opportunities. There is potential for the UK to 

play a significant role in the electric vehicle supply chain, for example low-

carbon finance, insurance and consulting, membranes and catalysts. There 

have also been announcements of ‘giga-factories’ being built in the UK.  17 

• Greenhouse gas removal and storage. Greenhouse gas removals (GGR) 

are an important feature of most global scenarios that meet the Paris 

Agreement's temperature goals and will be crucial for the UK if it is to 

achieve Net Zero emissions. The UK has a potential advantage in these 

areas due to its existing supply chains, infrastructure, and geological 

storage capacity.  

 

The Cambridge modelling also 
suggests a sustained increase 
in employment, though that 
may be hard to sustain in the 
long-run. 

The Net Zero transition provides 
opportunities for UK industries, 
including finance, power, 
vehicles, removals, hydrogen 
and low-carbon products. 
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• Low-carbon hydrogen. Our Balanced Pathway contains significant 

amounts of hydrogen. The Government’s hydrogen strategy, due early 

2021, should explore further opportunities for the UK to become a world 

leading hydrogen market.  

• Low-carbon products. Deeper decarbonisation of industries like steel and 

cement will be needed in the UK to achieve Net Zero emissions. Greater 

international demand for low-carbon industrial products could be an 

opportunity for UK firms, if they start to decarbonise their manufacturing 

processes sooner. The Government’s announcement of low-carbon and 

zero-carbon clusters are welcome.  

 

Box 5.7 
Recent announcements relating to finance and disclosures 

There were several high-profile financial sector announcements relating to Net Zero in 

November 2020:  

 

• The UK has announced its intention to make Task Force on Climate-related Financial 

Disclosures (TCFD) aligned disclosures mandatory across the economy by 2025, with a 
significant portion of mandatory requirements in place by 2023. The Taskforce’s 

Interim Report, and accompanying roadmap, sets out an indicative pathway to 

achieving this. 

• The UK Government announced a sovereign green bond. The Green Finance Institute 

said this ‘delivers on plans to move towards a resilient, Net Zero carbon economy that 

will bring a range of positive social benefits such as creating green collar jobs, skills 
and regional revitalisation,’ and will ‘provide finance for green infrastructure, … 

create green jobs and catalyse the sterling green bond market.’ 

• The Bank of England confirmed the date of publication for its Stress Test, after 

postponement due to the pandemic, as June 2021. 

• The Financial Reporting Council plans to raise the bar on climate change reporting. It 

‘supports the introduction of global standards on non-financial reporting and will 

engage with organisations working to achieve that goal. In the meantime, the FRC 

encourages UK public interest entities to report against the Task Force on Climate-
related Financial Disclosures’ (TCFD) 11 recommended disclosures and, with 

reference to their sector, using the Sustainability Accounting Standards Board (SASB) 

metrics.’ 

• Mark Carney in his role as Prime Minister’s Finance Adviser for COP26 announced a 

Private Finance Strategy for climate change ahead of COP26. 

 

 

 

 

 
 

 

 

 

 

 

 

 

  

Climate change is increasingly 
recognised in financial 
regulation and policy. 
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5. Co-impacts along the path to Net Zero 

The main motivation for Net Zero is limiting the impact of climate change. Through 

the UK acting on its own emissions, it contributes and accelerates the global effort 

and therefore reaps the rewards of a world with a lower amount of warming.  

 

Alongside this primary driver, and the potential economic benefits set out above, 

there are additional benefits on the path to Net Zero, namely significant, tangible 

improvements to public health and environment and biodiversity benefits.  

 
There are also potential negative impacts, and these risks must be planned for and 

mitigated. For example, switching to electric vehicles will not resolve congestion or 
air pollution caused by wear on tyres (as fossil fuel power vehicles do). Bioenergy 
too brings the risk of negative air quality impacts.  

 
Our scenarios are designed to limit the negative impacts while increasing the 
positive co-impacts. For example, walking, cycling and public transport replace a 

significant proportion of car-miles in the Balanced Pathway, and decarbonising 
buildings is primarily through efficiency and electrification and/or hydrogen rather 
than deploying domestic biomass boilers. 

 
The positive co-impacts of reaching Net Zero overwhelmingly outweigh the 

negatives, especially if supported by the right policy decisions from the 
Government to maximise societal benefits and minimise the risks.  
 

a) Climate benefits 
 

Avoiding warming will result in significant benefits for the UK. The climate impacts 

the UK experiences will ultimately be driven by the global decarbonisation 

pathway. However, by the Government pursuing an emissions pathway aligned 

with the Paris Agreement, it can better influence the global emissions trajectory.  

 

Table 5.3 highlights the avoided impacts for the UK on a path to 2°C of warming 

compared to a path to 4°C of warming. 

 

1.5-2°C of warming will still require the UK to adapt, however the risks at 3-4°C 

warming, and hence the costs of adaptation, are significantly higher. Our third 

Climate Change Risk Assessment will be published in 2021, and will review the 

current state of adaptation in the UK.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Alongside limiting the impact 
of climate change, there are a 
host of wider economic, 
social, health and bio-diversity 
benefits. 

The adaptation burden to the 
UK of 3-4°C will be substantially 
higher than 1.5-2°C of 
warming. 
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Table 5.3  
Range of climate risks for the UK 
 

2°C warming by 2100 4°C warming by 2100 

Variable  Present day 2050s 2080s 2050s 2080s 

Annual mean 
temperature (°C) 

8.8 +0.3 to + 2.2 +0.3 to +2.6 +0.6 to +2.9 +1.9 to +6.3 

Heatwaves 
(probability of 
temperatures as 
hot as 2018) 

10-25% 50% 50% 50% 90% 

Flooding (no. 
people living in 
significant risk 
areas, England 
only) 

1.4 million 2.1 million 2.6 million 2.8 million 3.7 million 

Water availability 
(supply demand 
deficit in litres per 
day, England only) 

0 
1.1 billion litre 

deficit 

1.8 billion litre 

deficit 

3 billion litre 

deficit 

5.7 billion litre 

deficit 

Heat mortality 
(number of excess 
deaths from 
overheating) 

2,000 5,000 No data 5,000 10,700 

Impacts on 
agriculture from 
drought 
(percentage 
change in 
Agricultural Land 
Classification 
grade 4 (poor 
quality) National 
Soil inventory sites, 
England and Wales 
only) 

2.2% 25% 36% 43% 66% 

 
Source: UK Climate Change Risk Assessment (2017). 
 

 

 

b) Health and well-being benefits 
 

There is clear evidence for the health benefits of the Net Zero transition. Some of 

these come directly from changes required to achieve Net Zero (e.g. more active 

travel and dietary changes) and some indirectly from the implications of those 

changes (e.g. better air quality from reduced burning of fossil fuels and more 

liveable buildings as insulation is improved). These benefits are difficult to quantify, 

but unquestionably offset some, if not all, of the overall resource costs of achieving 

emissions targets.  

 

The Committee appointed an expert advisory group on Health to support our 

advice on the Sixth Carbon Budget (Box 5.8). The group concurred strongly with 

the Committee’s previous assessment that climate action could bring significant 

benefits to health.  

 

Health benefits will be 
widespread, including from 
better air quality, more 
liveable buildings, active travel 
and healthier diets. 
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They emphasised the importance of health inequalities and identified areas for 

prioritising climate actions that would bring benefits to public health and climate 

change, and made a set of related recommendations. 
 

The health benefits are generally higher on demand-side measures of abatement, 

such as diets and active travel.  

• Shift toward active travel. Our scenarios include higher rates of walking and 

cycling, with a shift away from car trips. Active travel brings with it a host of 

health benefits. 

• Healthier diets. Our scenarios explore different degrees of diet shift away 

from meat products. Shifting meat consumption more in line with 

Government guidance would have significant health impacts. A 2013 

report that the Committee commissioned from Ricardo indicated that the 

health impacts of reducing red meat consumption by 50% amounted to an 

annual monetised benefit of 0.5% of GDP.18  

• Air quality. Poor air quality causes significant harm to health. It is associated 

with heart disease and stroke, and particulates cause up to 40,000 deaths 

per year in the UK.19 Many sources of air pollution are decreased by 

reducing GHG emissions. Ricardo's 2013 estimates suggest that air quality 

and noise impacts of a low-carbon scenario result in annual monetised 

benefits of close to 0.1% of GDP in 2030. 

• More liveable homes. The health cost to the NHS due to poor housing 

exacerbating existing conditions is estimated to be £1.4-2 billion per year. 20 

Thermally comfortable housing has the potential to reduce the risk of heat 

and cold related illness and death.  

• Mental health improvements. There are a host of benefits to mental health 

that are also promised by a Net Zero UK. The improved physical health 

resulting from and contributing to decarbonisation has knock on impacts 

on mental health. Some of the changes in our scenarios, for example the 

expansion of mixed woodlands, have also been shown to have positive 

effects on mental health. Further to this, ‘climate anxiety’ is a growing 

phenomenon, and action contributes to alleviating this burden.  

 

While noting the potential the above benefits will bring to public health, our 

advisory group noted that the biggest driver of health outcomes in the UK remains 

economic inequality. A just transition is therefore an essential part of a successful 

climate policy and health policy. It is vital for both acceptance and efficacy that 

policies that reduce emissions do not place burdens on those least able to pay. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Delivering the Sixth Carbon 
Budget would materially 
improve air quality.  

The transition to Net Zero must 
not place additional financial 
burden on regions or 
households suffering 
deprivation. 
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Box 5.7 
Health Expert Advisory Group 

The Health Expert Advisory Group was convened by the Committee in 2020 to advise on 

assessing the health impacts of setting the Sixth Carbon Budget and ensuring the 

Committee’s recommendations are aligned with improving public health in the UK. The 

Group was chaired by Professor Sir Michael Marmot, UCL Institute of Health Equity, and 

its members were drawn primarily from the academic community with expertise in a 

variety of fields, plus representation from the NHS Sustainable Development Unit.  

 

The central message of the Chair's report is that a strategy to achieve Net Zero emissions 

should have health equity - the fair distribution of health - as an explicit policy goal, and 

that a health- equity-in-all-policies approach be adopted. Action to improve health 

equity can be consistent with measures to reduce greenhouse gas emissions and adapt 

to climate change, but it is evident that this requires careful consideration of who 

benefits from and who pays for different policy measures. 

 

The clear positive co-impacts of health outcomes and Net Zero 
 

The Group found that the near-term benefits to health of taking action on climate 

change are manifold.  

 

The group identified five key areas in which action would bring benefits to public health 

and reduction of health inequalities while contributing to the mitigation of - and 

adaptation to - climate change:  

 

• Improved air quality delivered by a move to a cleaner energy system and moving 

away from fossil fuel combustion in most sectors of the UK.  

• Healthier modes of transport, particularly due to the health benefits of walking and 

cycling and reducing air pollution from road vehicles. 

• More comfortable and efficient homes that are low-carbon, energy-efficient and 

designed for a changing climate. 

• Better diets with a focus on healthy and sustainable alternatives to the highest-

carbon foods. 

• Sustainable economic and employment models that better support health and well-

being.  

Achieving the UK’s target of reaching Net Zero by 2050 will necessitate transformational 

changes that have potential to generate significant health benefits in the near term, 

including via improved air quality, better diets, increased levels of physical activity, 

improved building standards and better work-life balance. 

 

Health equity: the fair distribution of health  
 
The health benefits of mitigation and adaptation measures will be maximised if they are 

designed to reach the people facing the greatest disadvantage. However, this is not 

inevitable. Decisions made in all Government departments have implications for health, 

health equity, and climate change.  

 

Action to improve health equity can be consistent with measures to reduce GHG 

emissions, but this requires careful consideration of who benefits and who pays for 

different policy measures: the costs should not be unfairly borne by people on low 

incomes, who bear least responsibility for the emissions that cause climate change. A 

failure to deliver a just transition would risk exacerbating the health inequality that 

already exists in the UK. 

 

Meanwhile, policy measures that widen inequalities should be mitigated via greater 

redistribution of benefits. Minimising health inequalities will require systemic changes to 

enable and support all of the UK population to benefit from uptake of active travel, 

sustainable diets and energy efficiency measures, among others. 
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Factoring health equity effects into policies requires a more nuanced approach to both 

mitigation and adaptation: for example, home energy efficiency measures must also 

benefit indoor air quality and temperature, and reach those most exposed to 

temperature extremes and indoor air pollution; reducing meat and dairy consumption 

needs to involve substitution with healthy, low-carbon alternatives that are affordable 

and accessible; and decarbonisation of transport must involve low pollution and safe 

forms of transport that are preferably active and, at the very least, accessible to all.  

 

Recommendations for Government 
 
The Group’s headline recommendations for the UK Government to maximise the health 

impacts of meeting the Sixth Carbon Budget and Net Zero target are: 

 
• Health-equity-in-all-policies approach. The UK Government should avoid increasing 

health and economic inequalities by ensuring the costs of measures to mitigate 

climate change are distributed progressively and that the benefits reach those who 

have the potential to be most positively impacted. The aim should be to reduce 
health inequalities and to advance health equity, for example by applying a health 

equity impact assessment to legislation, including the Sixth Carbon Budget. 

• Support a just energy transition that minimises air pollution from all sources. Continue 

to reduce dependence on fossil fuels and accelerate the transition to clean energy 

sources with decarbonisation of power generation and industrial, commercial and 

domestic energy. 

• Design and retrofit homes to be energy efficient, climate resilient and healthy. The 

dual need to reduce domestic CO2 emissions whilst building and retrofitting healthy 
and climate-resilient homes requires a fine balance of interventions that will depend 

on the age, design and location of homes. New building standards should be revised 

to become near-zero or zero-carbon with flexibility to adapt to local environmental 

needs. 

• Build a sustainable and healthy food system. Enable a wider range of national and 

local powers to shape food systems, and combine these with the resources and 

statutory duties to support the transition to healthier and more sustainable diets. 

• Develop a transport system that promotes active travel and road safety, and which 
minimises pollution. A transport system that is accessible to all and which maximises 

the physical and mental health benefits of active and decarbonised transport will 

require a range of policy interventions to encourage walking and cycling, more local 

journeys, the use of public transport and ride-sharing, and to reduce traffic. 
Electrification of transport will also play a necessary role in reducing transport -related 

CO2 emissions, but continued private vehicle dependence does not constitute 

behaviour change towards more active and inclusive forms of travel, and will 

continue to be a significant source of harmful particulate matter. 

• Develop healthy and sustainable models of work. Prioritise the health and well-being 

of citizens and environmental sustainability in economic recovery/growth policies. 
Shift from measuring economic success in terms of GDP to prioritising a well-being 

approach. Support more inclusive local economic growth and shift towards circular 

economy principles. 

Source: CCC Advisory Group on Health (2020) Sustainable Health Equity: Achieving a Net Zero UK. 
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c) Environment and biodiversity benefits 
 

Natural capital is difficult to quantify, but economists and citizens are clear that it 

has a value. The pathways outlined in this report contribute to greater biodiversity, 

water quality and air quality. Reducing emissions from land use and agriculture 

could deliver annual co-benefits of £0.6 billion in 2050 in our Balanced Pathway, 

covering recreational benefits of creating new woodland, improved air quality, 

improved health from increased physical activity and flood alleviation. These will 

continue to rise after 2050.  

 

Other benefits such as improved soil health and water quality and greater 

biodiversity could also be important but are not included as there is insufficient 

evidence to quantify their impact.18 

• Restoration of peatlands. Peatland restoration increases the likelihood that 

upland peat biodiversity could withstand shifts to the hotter, drier conditions 

we can expect over the rest of this century. It also brings benefits for air and 

water quality, biodiversity and habitat creation and further climate change 

adaptation benefits (flood alleviation and water quality).  

• Increased woodland and hedgerow planting. Increasing woodland and 

hedgerows results in benefits to biodiversity through habitat creation (so 

long as mixed planting is followed) and can help towards flood alleviation.  

Many trees can also bring air quality benefits. More woodland close to 

populated areas would also bring recreational benefits, while increased 

tree cover in agricultural land could improve animal welfare (providing 

shade for livestock on hot days). 

• Changes to farming practices. Practices that optimise the efficient use of 

nitrogen on cropland and grassland can reduce N2O emissions on 

agricultural soils. There are also air quality improvements to be gained from 

a reduction in ammonia. If farms are located near water courses, these 

measures can help reduce water pollution with benefits for water quality, 

biodiversity, habitat condition, and resilience to climate change. 

• Increasing adaptation to climate change. The changes to land use 

proposed in this report can also help the UK adapt to impacts of climate 

change. Greater forest cover has been shown to protect from severe 

flooding for example. 

 

d) International benefits 
 

Chapter 6 sets out the international basis for our recommended Sixth Carbon 

Budget. As we demonstrate in that chapter, the UK is well-placed to be a global 

leader on climate change as it becomes an increasingly important geopolitical 

issue and as the UK seeks to re-define its position outside the European Union. 

 

The UK was the first country to pass over-arching climate legislation (the Climate 

Change Act), it was the first member of the G20 to adopt a Net Zero target and it 

has the most rapid historical reductions in emissions in the G20. 

 

Reinforcing that leadership position with a strong Sixth Carbon Budget and 

accompanying nationally-determined contribution to the Paris Agreement as part 

of an ambitious package as host of the next UN climate talks and President of the 

G7, can help the UK to unlock potential economic, reputational and diplomatic 

opportunities.  

 

Actions to reduce emissions 
from land-use and agriculture 
could deliver annual benefits 
of £0.6 billion from recreational 
benefits, air quality 
improvements, flood 
alleviation and increased 
physical activity.  

The UK is well placed to be a 
global leader on climate 
change – an increasingly 
important geopolitical issue.  
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Introduction and key messages 
 

Fairness is fundamental to public support and must be embedded throughout 

policy. Only a transition that is perceived as fair, and where people, places and 

communities are well-supported, will succeed. UK Government policy, including on 

skills and jobs, must join up with local, regional and devolved policy on the just 

transition. Vulnerable people must be protected from the costs of the transition 

and benefits should be shared broadly. 

 

This chapter considers the aspects of a just transition to Net Zero in the UK. We 

consider jobs and competitiveness, and we consider the impacts for households, 

including potential impacts on energy bills and fuel poverty. Costs must be fairly 

shared in the transition, so this chapter also considers the implications for the public 

finances. Our analysis is based on the scenarios we set out in Chapters 2 and 3 to 

meet the Sixth Carbon Budget goal of reducing emissions by 78% by 2035 relative 

to 1990 on the path to Net Zero by 2050. 

 

Our key conclusions are: 

• A strategy for a just transition is required. Across many areas, including 

energy bills and regional employment, fairness is already an issue. The 

transition to Net Zero will require a shift of hundreds of thousands of workers 

into low-carbon roles, as well as large numbers shifting out of high-carbon 

roles, which could be in different places and use different skills. Navigating 

this transition must start now and will require effective plans, widespread 

public involvement and an embedding of the principle of fairness 

throughout climate policy. Regional and local considerations are vital. 

• The transition brings many benefits for UK households. By 2035, in our 

scenarios, people’s homes will be better insulated, their cars will be 

cheaper to drive, they will have cleaner air, quieter streets, more access to 

green spaces and more opportunities to improve their health. Policy should 

aim to share these benefits broadly across the population. 

• The transition also brings risks of uneven costs. In the long term, energy 

costs and energy bills are expected to fall significantly. However, in the 

coming decade our scenarios involve further increases in electricity costs 

before these begin to fall. Although improvements to energy efficiency 

could largely offset these costs they should not be automatically added to 

energy bills, which is a regressive approach. Continuing to add climate 

policy costs primarily to electricity prices, but not gas prices, adversely 

affects particular groups (those with electric heating) and undermines the 

case for electrification, which plays a major role in meeting the Sixth 

Carbon Budget. 

• Policies must provide a level playing field where competitiveness is a 
concern.  It is clearly possible to deliver the Sixth Carbon Budget and Net 

Zero without carbon leakage, provided a suitable policy package is in 

place. Sectors at risk of carbon leakage must be supported through the 

transition, initially with taxpayer-funded subsidies. Longer term policy should 

move away from subsidies towards an international level playing field, for 

example by using product standards or carbon border tariffs. Work should 

start now on these options, for example by developing better metrics of 

carbon-intensity and building an international consensus on the need for 

border carbon adjustments. 
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• Up to around £4-7 billion of extra annual Exchequer funding is needed by 
2030 for low-carbon solutions. Alongside extension of funding from existing 

schemes (including the temporary Green Homes Grant scheme), this could 

provide the initial support required for deep industrial decarbonisation and 

for retrofitting the UK’s buildings without increasing household energy bills. 

Additional funding for low-carbon electricity is also likely to be required 

initially, though this is currently levied on bills. However, the vast majority of 

the required investment programme will be funded and delivered privately. 

Offsetting revenues could be raised by greater use of carbon taxes, 

especially for sectors like aviation that are currently under-taxed and where 

equity concerns are less present. 

 

This chapter is in four sections: 

1. Jobs and the Just Transition 

2. Competitiveness 

3. Fuel poverty, energy bills and other household costs 

4. Fiscal circumstances 
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1. Jobs and the Just Transition 

The International Labour Organisation (ILO) define a just transition as being a 

transition towards an environmentally sustainable economy that is well managed 

and contributes to the goals of decent work for all, social inclusion and the 

eradication of poverty.1 

 

It is often strongly associated with the implications for jobs and employment. As 

well as jobs (the focus of this section), we consider impacts on energy bills and 

other impacts on consumers (section 2) and the competitiveness of particular 

industries (section 3), as required under the Climate Change Act. Where possible 

we consider regional and localised effects. 

 

The transition to Net Zero will need more of some jobs and fewer of others. There is 

no reason to think that the total number of jobs should be any lower than in a high-

carbon world. In fact the balance of spending identified in Chapter 5, with a shift 

from expenditure on imported fossil fuels towards higher UK investment if anything 

points to the potential for higher overall employment, at least in the near term 

during the economic recovery. But the shift in jobs from some current areas to 

others brings a significant transition risk. 

 

The transition will affect the whole of the UK, with impacts differing across regions, 

sectors and workers. The risk of negative localised impacts must be a particular 

focus for policy. A strategy for the just transition is required to ensure no group is left 

behind. 

 

This section considers:  

a) Existing low-carbon jobs in the UK and historical changes in energy jobs 

b) New job opportunities in a low-carbon future 

c) Pressure on existing jobs in a low-carbon future 

d) Regional aspects of the just transition 

e) Support for low-carbon jobs and a just transition 

 

a) Existing low-carbon jobs in the UK and historical changes in 
energy jobs 
 

The Office for National Statistics (ONS) estimates that 225,000 people are currently 

employed in the UK’s low-carbon technology and renewable energy economy, 

representing around 0.7% of the total UK workforce, with an additional 5,000-10,000 

jobs being added each year.2 

• Around three quarters of these jobs are in energy efficient products and 

services, with an additional 14% in the renewable energy sector, electric 

vehicle production (7%) and nuclear power (6%). 

• Of these jobs, almost 40% are involved in direct manufacturing of low-

carbon technologies, and an additional 37% in constructing infrastructures 

to support low-carbon technologies. 

• Additional jobs exist in the supply chains of companies directly involved in 

these industries, therefore overall employment in low-carbon industries will 

be higher.  

Low-carbon jobs already 
make up nearly 1% of all jobs 
in the UK. 
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Increasingly jobs in other sectors will have a low-carbon remit. For example, 

financial services will be required to finance and insure the growing capital 

investment in the UK’s transition to Net Zero. Others have noted opportunities for 

data and digital technology to play an important role in a low-carbon future, with 

associated jobs.3 Separately, as businesses commit to Net Zero targets, purchasing 

managers will increasingly need to take sustainability into account.  

 

Until now, the UK’s transition to Net Zero has been highly concentrated in the 

electricity sector, with important positive localised impacts. New jobs have been 

created in the renewables sector, but some jobs have been lost in coal. 

Separately, jobs have been lost in the oil and gas sector due to global shifts.   

• Jobs in manufacturing of renewables have led to a boost in employment in 

certain regions. For example, the Siemens Gamesa and ABP investments in 

offshore wind manufacturing in Hull have been attributed with reducing 

unemployment benefit claims by close to 60% and increasing Gross Value 

Added (GVA) in the region.4  

• However the UK’s industrial policy has also been criticised for not 

maximising investment in renewable energy supply chains in the UK, for the 

renewables that have been installed to date.5 Partly to address this, the UK 

Government is now, as part of its ‘sector deal’, working with the UK 

renewables industry to ensure that at least 60% of the money spent on 

offshore wind farms goes to UK companies and workers.6  

• Over the past decade fossil fuel power stations have closed, or reduced in 

output. The Scottish Just Transition Commission notes the success of a 

Government initiated taskforce in managing the immediate threat of job 

losses resulting from the closure of Longannet coal power station, but that 

more could have been done to bring local community into discussions.7 

Further research should be encouraged into similar closures in the rest of 

the UK. 

• A prolonged downturn in the UK’s oil and gas sector has seen employment 

drop by 35% between 2013 and 2019.8 This, compounded by regular 

volatility in the sector including as a result of COVID-19, has led to job 

insecurity and mandatory pay cuts.9   

• The UK’s efforts to transition workers away from coal production, in the 

1970s and 1980s have been criticised for providing new, replacement, jobs 

that were not sufficiently well paid.10  

 

All these scales are also relevant for the future – from the sector-level across the 

economy through to individual towns and installations. 

 

b) New job opportunities in a low-carbon future 
 

The opportunities for jobs growth have, to date, largely been focused on 

deploying renewable electricity. Countries that manufacture wind turbines and 

solar panels have been able to export these technologies to a growing global 

market. Jobs in installing and servicing wind and solar have expanded locally. 

Renewables jobs are likely to continue growing as the world decarbonises and 

electrifies.11  

 

The next phase of decarbonisation will go beyond renewable electricity towards 

electric vehicles, low-carbon hydrogen, carbon capture usage and storage 

(CCUS) and, particularly in the UK, buildings decarbonisation. Low-carbon industrial 

products will be in increasing demand across the world. 

 

Lessons can be learned from 
how low-carbon jobs have 
been created, and how high 
carbon jobs have been 
affected in the past. 

Jobs will be needed not just in 
renewables, but in low-carbon 
hydrogen, electric vehicles, 
CCS, buildings retrofits and 
more. 
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The scenarios we set out in Chapters 2 and 3, and the profiles in Chapter 5 for 

investment and operating costs give indications of potential job impacts, but 

outcomes will depend on the balance of UK provision and imports. For some 

sectors, like buildings, it is clear that the balance of new jobs must be in the UK.  

• Buildings. Our scenarios involve an additional annual investment in UK 

buildings of over £10 billion per year. The Construction Industry Training 

Board (CITB) modelled the employment requirements to deliver a 

programme of housing retrofit in line with our Balanced Pathway. Their 

analysis suggests that the energy efficiency programme in the 2020s and 

following low-carbon heat programme would require an additional 

workforce of over 200,000 new full-time equivalent roles from the late 2020s 

through to 2050 (Figure 6.1). More roles may be required in the heat pump 

and other supply chains if those are UK based. 

• Low-carbon energy. Our scenarios involve additional annual investment in 

the electricity sector and energy networks growing to around £20 billion by 

2030. Work done for National Grid on the energy system employment 

opportunities in a transition to Net Zero suggest up to 400,000 low-carbon 

jobs could be needed over the next 30 years, including jobs in buildings 

retrofit. This is comparable to direct employment in the UK’s energy sector 

of 144,000 today. 260,000 will be in new roles, while the remainder will be 

replacing those who have left the workforce. Importantly, they note the 

opportunity for these jobs to be spread across all regions of the UK.12 

• Transport. Our scenarios involve around a £10 billion increase in annual 

investment in the transport sector, largely from the extra upfront cost we 

assume for low-carbon vehicles.  LSE, in a recent study, note an opportunity 

for up to 80,000 UK jobs in manufacturing of electric vehicles and batteries. 

However, without Government action to encourage investment in this 

sector, they suggest EV manufacturing could move elsewhere.13 

 

• Manufacturing. There may also be employment opportunities for the UK 

from exports if it becomes a market-leader in the production of low-carbon 

technologies. The Energy Innovation Needs Assessment (EINAs) recently 

conducted by BEIS assessed these opportunities and found innovations in 

low-carbon manufacturing technologies including CCUS could support up 

to 80,000 jobs in the UK by 2050.14 These jobs would also be high quality, 

with wages above the UK average.* 

 

The EINAs also highlighted sectors where the UK already has a comparative 

advantage compared to other countries as being offshore wind, smart systems 

and CCUS, complemented by strength in engineering services that can be 

applied to CCUS, hydrogen and bioenergy.15  

 

The macroeconomic modelling we set out in Chapter 4 also provides some insights 

on employment effects. It identifies boosts to the utilities sector and to 

manufacturing and construction, while fewer jobs may be needed in oil and gas 

production and aviation. It also identifies potential boosts for employment in the 

broader economy (e.g. services) resulting from the economic stimulus effect of the 

major investment programme in our Balanced Net Zero Pathway. 

 

 

 

 

 
*   Note that the EINAs only consider the jobs and GVA that could be provided in the production of technologies, 

rather than in the operation of these technologies (for example jobs/GVA provided in the production of cement 

kilns, rather than in the cement sector itself). 
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Figure 6.1 Employment in low-carbon heating  
and energy efficiency (2020-2050) 

 

Source: CITB (2020) Building Skills for Net Zero (draft report); CCC analysis. 

Notes: We have applied a two-year rolling average to smooth annual variation. 

 

c) Pressure on existing jobs in a low-carbon future 
 

A transition to Net Zero will also reduce demand for certain high-carbon services 

and technologies, such as fossil fuel extraction, processing and distribution, 

aviation, fossil fuel machinery and livestock and dairy. This could see jobs in some 

key sectors significantly affected, though in each area there will also be new 

employment opportunities:  

• The UK’s oil and gas sector is likely to be heavily affected in a Net Zero 

economy by 2050 due to falling international demand for oil and gas. Oil 

and gas production from the UK Continental Shelf is already projected to 

reduce over coming decades. Our Balanced Pathway sees an 85% 

reduction in UK oil demand and a 70% reduction in gas demand. Though 

some oil and gas will continue to be used, lower production costs 

internationally may favour imports of these fuels over domestic production. 

Opportunities in this sector could involve a shift towards offshore 

renewables, CCUS and hydrogen, with measures to manage the carbon 

footprint of imported fuels. 

 

Industries that are 
currently high carbon will 
need to be engaged in a 
transition to Net Zero. 

1280  



Chapter 6: A just transition to the Sixth Carbon Budget and Net Zero 286 

• The UK’s automotive industry largely produces conventional fossil-fuelled 

vehicles for export*.16 The sector’s nearly 450,000 workers will need to be 

engaged in a transition to electric vehicles that is already underway, in the 

UK and globally. Falling demand for fossil fuelled vehicles, resulting from a 

transition to electric vehicles, is likely to reduce the number of jobs 

available in manufacturing and servicing these vehicles in the UK. In our 

Balanced Pathway we estimate a reduced spend on vehicle maintenance 

of around £7 billion annually by 2050. The UK already produces electric 

vehicles, and opportunities exist for the UK to have a large share of future 

electric vehicle, and potentially battery, production.17 Broader economic 

circumstances, including the UK’s future trading relationships, will clearly be 

important. 

• Our scenarios suggest growth in flying may need to be limited, or levels 

decrease, from pre-COVID levels. Therefore jobs in UK aviation and 
aeronautics sectors could be impacted. 

• Income to livestock and dairy farms could be affected if meat and dairy 

consumption falls by the 20-50% envisaged in our scenarios. The UK’s farms 

and their 450,000 workers will need to be engaged and supported in the 

transition to low-carbon farming practices.18 The Government’s 

Environmental Land Management Scheme (ELMS), the UK’s successor to 

the EU’s Common Agricultural Policy, will be critical.  

– Multiple opportunities exist, including transitioning to plant-

based food (e.g. cereals and legumes), growing bioenergy 

crops, lower-carbon livestock production and receiving income 

for low-carbon land management (such as increased tree-

planting or peatland restoration, much of which in our scenarios 

occurs on land released from raising livestock).  

– For farmers, raising awareness and the provision of training on 

the adoption of sustainable management practices is crucial.  

• Demand for manufacturing of some products or materials would likely 

reduce within the more circular economy represented in our scenarios. This 

could lead to a shift of some manufacturing towards recycling-based 

manufacturing and re-use-based services. However, the increased 

demand for materials for the major investment programme required is likely 

to more than offset this. 

 

The transition will also require some industries, such as manufacturing, to change 

the technologies, fuels or processes they use to costlier ones, while they continue 

to provide the same type of products or services. This could impact their 

competitiveness and affect jobs (while causing ‘carbon leakage’) if Government 

does not enable companies to operate on a level playing field with their 

international competitors. Therefore, Government should ensure a level playing 

field, where required, to maintain and potentially grow low-carbon UK industry 

(section 3). 

 

 

 

 

 

 

 

 
* In 2019, 1.3 million cars were built in the UK, 1.1 million of which were exported, LSE (2020) Seizing sustainable growth 

opportunities from zero emission passenger vehicles in the UK. 

The Government can ensure its 
successor to the EU’s farming 
subsidy scheme rewards 
farmers for environmental 
gains. 
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d) Regional aspects of the just transition 
 

The jobs opportunities and challenges of the low-carbon transition will vary 

regionally. Regional changes to manufacturing jobs are particularly important 

because the sector tends to be highly concentrated in specific regions (Figure 6.2) 

and the jobs often pay more than those in other sectors in these regions. In some 

regions (e.g. North East Yorkshire), manufacturing provides nearly 20% of all full-time 

equivalent jobs, and it can be even more important at smaller scales (e.g. one 

third of all jobs at some local authority levels). 19 

 

Importantly, many of the regions where manufacturing jobs are concentrated are 

also those where jobs are likely to be required in the low-carbon hydrogen, CCS 

and renewable energy industries. 

 

The UK already has high levels of regional inequality compared to other OECD 

countries20 and transitions are already occurring in the UK that affect regions in 

different ways. Unless carefully managed, a transition to Net Zero could 

exacerbate these inequalities. Besides jobs, the costs and benefits of the transition 

will also differ across regions. 

• The deindustrialisation that has occurred in the UK to date has already left 
some regions disproportionately worse off. 21 For example, IDDRI notes the 

limited success of efforts to transition former coal mining communities to 

new jobs, noting that though new jobs have been created, they have 

often been lower paid than previous jobs in the region and high levels of 

worklessness still prevail. 22 

• The costs of the transition may be higher than average in some regions of 
the country. For example areas with older, energy inefficient housing could 

face higher energy bills. Rural areas off the gas grid, who typically pay 

more for heating fuel, have more to gain from a switch to low-carbon 

heating. Current and future transport infrastructure can limit the ability of 

the local population to walk, cycle or use public transport, and may affect 

the opportunity for and costs of running an electric vehicle. Relative wealth 

will also be important, including for the ability to fund changes locally.  

• Many of the benefits of a transition to Net Zero will be felt at the local level. 
For example, a transition to electric vehicles, alongside an increase in 

active travel will lead to a decrease in local air pollution, benefitting health. 

A shift to healthy diets, and improved quality of housing is expected to lead 

to lower costs for the health service. An increase in tree-planting and urban 

green spaces will provide more green recreational space.  

 

Decarbonisation strategies will need to be tailored to local circumstances and 

local communities. Maximising the economic and employment opportunities 

arising from the transition will require targeting new investment towards areas that 

are likely to be the most impacted. This should be tied to a dialogue between 

local, regional and national Governments, alongside a public engagement 

strategy that gives local people a say in how a transition to Net Zero will affect their 

area.  

 

 

 

 

 

Manufacturing jobs are highly 
concentrated in specific 
regions of the UK.  

A just transition will need to 
consider how costs and 
benefits can balanced across 
regions.  

Opportunities also exist to 
target investment towards 
poorer regions. 
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Figure 6.2 Regional employment provided by 
manufacturing and construction 

 

Source: ONS (2020) Labour Force Survey and the UK Business Register and Employment Survey. 

 

e) Support for low-carbon jobs and a Just Transition 
 

Support for low-carbon jobs 

A low-carbon economic recovery from the COVID-19 pandemic can provide 

opportunities for skilled jobs in low-carbon industries such as building retrofits 

including low-carbon heat installation, tree-planting, peatland restoration and 

green infrastructure, and low-carbon energy.  

Once established, a low-carbon recovery can form the basis of a longer-term 

approach to ensure that low-carbon investment in the UK leads to low-carbon 

jobs. That approach should include:  

• Sector deals in the offshore wind, and nuclear industries have ensured that 

the industry targets a minimum level of UK content in the production, 

installation and servicing of offshore wind farms.  

• Commitment to large future low-carbon markets can encourage 

investment in UK manufacturing. For example, Siemens cites the UK 

Government’s support for offshore wind as a key reason behind opening a 

blade factory in Hull, alongside active Government support and co-

investment in upgrading port facilities.23 

• Investment in skills, including the learning of science, technology, 

engineering and maths (STEM) subjects in education. 

A low-carbon recovery from 
the COVID-19 pandemic can 
be the starting point for a 
wider programme of low-
carbon jobs. 
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• Reskilling and retraining programmes for workers in high carbon industries. 

Particular skills gaps, such as those identified by the Committee in heat 

pump and energy efficiency installation, should be identified and action to 

address these prioritised. The ability of a decarbonised UK manufacturing 

sector to compete in global markets is dependent on having a labour 

force with the requisite skills, not only in manufacturing products and 

materials, but also engineering, procurement and construction 

management services. 

• Developing policy to provide favourable investment conditions. Policies 

that provide businesses with clarity and confidence are vital and can be 

supplemented by use of other policies, such as business rates, to 

encourage low-carbon investment.  

• Investment in research and innovation, and in translating that to effective 

business models.  

• Trade-deals can be used to ensure that low-carbon industries in the UK 

maintain their competitiveness with industries abroad, maintaining 

opportunities for workers in the UK. 

 

In developing its approach to low-carbon jobs, Government should use these tools, 

work with industry and collaborate with devolved as well as local Government. 

 

Supporting a just transition 
 

Scotland’s Just Transition Commission was appointed to advise on a Net Zero 

economy that is fair for all. It has identified four priorities for achieving a just 

transition: 

• 1) Planning ahead –clear transition plans need to be developed down to 

the sectoral level so that surprises are minimised. Unplanned transitions tend 

to be unjust transitions. 

• 2) Engagement – people need to be brought into the decision-making 

process and derive a sense of ownership of the Net Zero project.  

• 3) Bringing equity to the heart of climate change policies. Climate policies 

need to be systematically screened for their impact on vulnerable and 

excluded groups and for the opportunity to address existing inequalities.  

• 4) Start now. The transition is already underway both in the UK and around 

the world. A strategy that recognises this can put the UK at the forefront of 

addressing fairness in a transition to Net Zero.  

 

For the UK, the Treasury’s Net Zero Review will be the first comprehensive look at 

elements of the just transition to Net Zero. It will consider how the transition to Net 

Zero will be funded, and where the costs will fall. It will assess:  

• The range of choices for how households, businesses and the taxpayer 

could contribute towards different elements of the transition to Net Zero. 

• Mechanisms to create an equitable balance of contributions. 

• Opportunities for economic growth as we transition to a green economy. 

• The trade-offs between cost, competitiveness, effects on consumers and 

impacts on the taxpayer. 

 

 

The transition to Net Zero is 
already underway, so a 
strategy for a just transition is 
needed now.  
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The Treasury’s funding review will be a crucial first step in demonstrating that strong 

leadership and coordination at the centre of Government can ensure the action 

to deliver Net Zero is delivered in a fair and equitable way. Its interim report was 

due to be published around the same time as this report, but had not been at the 

time of writing.  

The Treasury’s final report of their Net Zero Review, due in Spring 2021 should:  

• Develop a plan for funding decarbonisation and review the distribution of 
costs for businesses, households and the Exchequer. This should set out the 

main areas where action and funding will be required, the principles on 

which the distribution of costs should be determined and clarity over how 

costs will be allocated. 

• Consider near-term as well as long-term decarbonisation funding needs 
and policy implications. The Government cannot make funding 

commitments that bind future Governments, but the review can set out 

principles to inform the scale and nature of long-term Government funding 

and make concrete proposals for action and funding over the next five to 

ten years, or at least be accompanied by a spending review or budget 

which does the same. 

• Give due weight to issues of fairness, including assessing:  

– Where the costs of policies are likely to fall and how they can be 

mitigated where vulnerable groups or industries are likely to be 

affected. This should include adverse distributional impacts of current 

policies.  

– Impacts on jobs and job quality and how to manage them, including 

consideration of reskilling and retraining.  

– Plans to monitor and to report publicly on progress towards achieving 

a fair transition and protecting vulnerable groups. 

– The benefits of Net Zero and where they fall, which will have 

implications for individuals, specific regions and the Exchequer. 

 

We will review the Treasury’s final publication as part of our 2020 Progress Report to 

Parliament. Managing the just transition will be an ongoing process and must 

continue beyond the report’s publication. A full strategy is needed. 

 

 

  

The Review should deliver a 
plan for funding 
decarbonisation that is fair.  
 

The Treasury’s Net Zero review 
can be the starting point for a 
Just Transition strategy for the 
UK. 
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2. Competitiveness 

For climate action to be effective, it must reduce global emissions, not just UK 

emissions. Emissions reductions from industry must result from decarbonising the 

UK’s own manufacturing and wider industrial base, rather than ‘offshoring’ it to 

other countries (i.e. 'carbon leakage'). It is vital therefore to consider 

competitiveness. 

 

In our scenarios UK industry is decarbonised, not offshored. Our assessment of the 

policy options (in consultation with researchers and industry representatives) 

supports a clear conclusion that it is possible to deliver those scenarios without 

carbon leakage, provided a suitable policy package is in place. This section 

summarises some of the policy options, with more details in our accompanying 

Policy report. 

 
a) Context and approach 
 

The context for action to reduce emissions from industry is shifting, with significantly 

more climate action emerging internationally than just a year ago, when we 

recommended that the UK adopt its Net Zero 2050 target.  

• Policy is developing internationally with a similar objective of decarbonising 

industry without offshoring. For example, the EU plans to introduce border 

carbon adjustments (BCAs) from 2023. The European Commission plans to 

bring forward legislation for BCAs in Q2 2021 as part of its European Green 

Deal.24 It plans to roll out BCAs from 2023, starting in a few sectors, reported 

to be cement, steel and electricity.25 The incoming US Biden administration 

has also committed to a carbon adjustment fee on imported products. 

• Businesses and sector bodies have also made new commitments. For 

example, the European Cement Association set a Net Zero target for 2050.  

• Wider adoption of Net Zero targets internationally, including by countries 

with large industrial sectors like China and South Korea, is providing a 

stronger signal that multinational industry will need to decarbonise at some 

stage, whichever country they are based in.  

• New projects and demonstrations are emerging. For example, the Hybrit 

iron & steel project in Sweden is testing the use of hydrogen instead of 

coking coal to produce low-carbon steel, and the NorCem cement factory 

in Norway is close to receiving a final investment decision for a full-scale 

CCS project.26   

 

We also have a better understanding of where the opportunities to reduce 

emissions lie across the emitting industrial sectors, including the roles of resource 

and energy efficiency, electrification, use of low-carbon hydrogen and 

application of carbon capture and storage (CCS). 

• We estimate the annualised cost of decarbonising the manufacturing and 

fuel supply sectors with these measures to be around £3.5 billion per year by 

2035 and £5.5 billion per year by 2050. 

• The scenarios we set out in this report, backed up by our new research (as 

described in Chapter 3, sections 3 and 5, are designed to ensure that 

industry has time to decarbonise.  

A global transition to low-
carbon manufacturing and 
construction is underway. 

For climate action to be 
effective, it must reduce 
global emissions, not just UK 
emissions.  

The costs of decarbonising 
manufacturing and construction 
is smaller than other high 
emitting sectors, though still 
significant. 
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That includes time to roll out new infrastructure (e.g. a CCS network), for 

supply chains to scale up and for effective policy to be developed and 

implemented in consultation with industry. 

 

We note that global analyses have also identified the potential to decarbonise 

global industry at relatively low cost and on similar timescales to our UK scenarios:  

• The global pathways we set out in Chapter 7 involve deep decarbonisation 

of industry by 2050, with significant progress, particularly in developed 

countries like the UK, in earlier years. 

• Global analyses have identified potential to reduce industrial emissions to 

Net Zero. For example, the Energy Transitions Commission set out pathways 

to reduce emissions from cement, steel, chemicals and aluminium to Net 

Zero by 2050 in developed countries and by 2060 globally, as part of an 

overall transition to Net Zero at a cost of less than 0.5% of global GDP.27 

 

The Committee was particularly careful to consider the needs of industries that 

could be at risk of carbon leakage (based on the EU’s list for industries at risk) and 

the policy options to support these industries in the Net Zero transition: 

• We commissioned new work from the Energy Systems Catapult to evaluate 

carbon policies to mitigate leakage and alleviate competitiveness 

concerns. 

• We asked the University of Leeds to undertake independent research to 

evaluate a range of industrial decarbonisation policy options and how 

these might be combined to deliver the emissions reductions required, 

while avoiding carbon leakage. 

• We undertook a deep-dive review of the potential role of product 

standards to support deep decarbonisation of industry with an 

independent consultant.28  

• We convened an industry policy steering group that included trade 

representatives from relevant industrial sectors (e.g. steel, cement, paper, 

fertiliser), international agencies and policymakers. The group had a series 

of meetings to guide the ESC and Leeds research projects and have 

informed the Committee’s conclusions in this section. 

 

b) Policy to decarbonise industry and maintain competitiveness 
 

Our work has identified various policy options that should be used for reducing 

industry emissions while maintaining competitiveness of UK industry. These would 

help enable costlier deep decarbonisation actions, such as electrification, use of 

hydrogen and application of CCS. We would expect mechanisms to develop over 

time with a transition away from costs initially being borne by taxpayers. 

• Free allowance allocation in a UK Emissions Trading System (ETS) would 

continue to provide competitiveness protection for industry, although 

planned cuts to free allowances have left some concerned at the level of 

protection. While free allowances within an ETS can protect 

competitiveness, an ETS alone is unlikely to provide a sufficient incentive to 

enable deep decarbonisation of industry as a) costs for early industrial 

deep decarbonisation deployment will likely come at a premium above 

expected carbon prices b) the uncertainty of the carbon price level adds 

a further risk premium to costs. c) upfront capital support is likely to be 

required by manufacturers that seek very short payback periods (in 

addition to an ongoing carbon price incentive).  

To meet the Paris Agreement, 
industry must decarbonise 
across the world. 

It is possible to decarbonise UK 
industry in line with the 
scenarios in this report without 
leading to carbon leakage or 
offshoring of industry, provided 
a suitable policy package is in 
place  
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If a carbon tax combined with rebates or exemptions is implemented from 

January 2021 instead of a trading system, this is likely further to reduce 

incentives for deep industrial decarbonisation, without further policy. 

• Taxpayer funding of industrial deep decarbonisation projects would 

manage competitiveness and bring down project cost of capital. 

Government has consulted on a Contract for Difference scheme to support 

both some capital and operational costs of industrial CCS projects. This, or 

other funding approaches, should be rolled out across further deep 

industrial decarbonisation. Given the estimated costs of our scenarios set 

out in Chapter 5, and that only part of industry is at risk of carbon leakage, 

the required support to decarbonise manufacturers at risk of carbon 

leakage would be around £2-3 billion per year, assuming manufacturers do 

not face additional policy costs on their electricity bills. 

• Border carbon tariffs* would raise the price of high-carbon imported goods, 

stopping the need for free allowances and allowing all UK emissions to be 

subject to carbon pricing without compensation for costs not faced by 

international competitors. This could enable carbon pricing to support 

deep decarbonisation in sectors that would otherwise be at risk of carbon 

leakage. It would also send a signal to other manufacturing countries to 

decarbonise their production. Under this approach industry would pay for 

the emissions reductions, which could then be passed through to 

consumers in higher prices without competitiveness impacts.  

• Minimum standards applied to imported goods (in line with domestic 

standards) would also allow domestic production to decarbonise without 

threat of being undercut by high-carbon imports. Standards could be 

applied on producers of goods or on purchasers, and applied at the 

primary, intermediary or tertiary product stage. As with border carbon 

tariffs, this would lead to a premium price for low-carbon goods so 

consumers would bear the cost. Standards mandating near-zero-carbon 

intensity may need to be introduced later than the more flexible border 

carbon tariffs. Other formulations of standards may have an earlier role, 

either directly on carbon intensity with partial reductions or indirectly 

through other requirements, or in particular sub-sectors. Public procurement 

may also have a role. 

 

It will be for Government to decide on the appropriate mix of instruments, in 

consultation with the affected industrial sectors. The broad pathway is likely to be a 

transition from subsidised deployment in the near-term towards an international 

level playing field that does not require subsidy in the longer-run, although 

mechanisms such as contracts for difference may still have a role in removing risks 

around carbon pricing. 

 

Work towards the longer-term solution should begin immediately; the substantial 

time it will require to develop these solutions means they are on the critical path to 

decarbonisation. Most pressing is the development of improved metrics for 

carbon-intensity on which border tariffs or standards can be based, along with 

international negotiation and consensus building on these measures. Ultimately 

implementation of standards and tariffs is likely to be product-by-product rather 

than a single over-arching policy – clearly it will be important to ensure consistency 

while respecting specific circumstances. 

 

 
*   These are typically referred to as border carbon adjustments (BCA); however, some stakeholders also use the term 

BCAs to encompass the application of standards at the border, which we treat separately. Therefore, we use the 

Border Carbon Tariff terminology for clarity. 

Government must decide on 
the appropriate mix of 
instruments, in consultation 
with the affected industrial 
sectors.  
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We note that some of the policies above are more obviously applied to imports to 

provide a level playing field for UK producers, but they could also be applied to UK 

exporters. For example, border tariffs could also involve rebates to exports from UK 

firms that have reduced emissions without full taxpayer support. 

 

While the assessment above focuses on industry, the principles also apply to other 

trade-exposed sectors like agriculture. Future trade deals should ensure that UK 

standards are also applied to imported goods, and a level playing field is provided 

for UK producers operating to high standards. We also note that policies in other 

parts of the economy also affect trade-exposed sectors – it will be important to 

continue policies such as the exemptions and compensations for UK carbon price 

support. 

 

Similarly, for sectors like aviation and shipping, which are inherently international, 

the focus should be on developing international policy approaches (though as we 

set out in Chapter 10, UK influence and UK levers have an important role to play). 

Here, sectoral agreements are already in place (e.g. CORSIA for aviation) or 

possibly emerging (for shipping), but will need to strengthen significantly.  

 

A global shift is beginning, towards low-carbon industrial products. The UK should 

aim to be part of the manufacturing base for those products, and is well-placed 

given our access to plentiful low-cost CO2 storage sites under the North Sea and 

elsewhere, and our history of strong infrastructure provision engineering expertise. 

Government can maximise the UK’s potential by providing a clear and early low-

carbon policy offer to manufacturers. There are challenges in developing policy to 

drive emissions reductions while maintaining competitiveness, but there are also 

opportunities and it is increasingly apparent that the low-carbon path is the most 

likely path to future success for UK industry.  

 

  

Other trade exposed sectors, 
such as agriculture, aviation 
and shipping could also be at 
risk of carbon leakage. 
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3. Fuel poverty, energy bills and other household costs   

The Climate Change Act requires us to advise on the likely impacts of our 

recommended budget on fuel poverty. That is part of a wider issue of fairness 

regarding the impact on energy bills, where any increases tend to be regressive. 

Our scenarios also imply broader potential costs and benefits for households.  

 

Our analysis in Chapter 5 demonstrates that our scenarios imply growing and 

enduring savings in operating costs, alongside a major investment programme. To 

2030 the largest cost increases affecting households are in the electricity sector 

and for decarbonising buildings. If these are paid fully through energy bills, then 

bills would rise to 2030 with likely regressive effects. Alternatively, an extension of 

and modest increase in existing Exchequer funding could be sufficient if backed 

by effective policy design. 

 

Large savings are available for household in other areas, most notably in transport 

from the shift to electric cars, and significant benefits are available for health, well-

being and access to the natural environment. However, even in areas where costs 

are likely to fall relative to today, the distribution of costs and savings could create 

both ‘winners’ and ‘losers’ during the transition. 

 

Effective policy design, and continued monitoring and intervention should aim to 

limit increases in costs to those that are able to pay, while sharing the benefits 

broadly.  

 

This section considers 

a) Current energy bills and fuel poverty 

b) Future energy bills and fuel poverty 

c) Wider household costs and benefits 

 
a) Energy bills and fuel poverty 
 

Current energy bills 
 

Ofgem estimate an annual bill for dual-fuel households (using gas for heating and 

electricity for lights and appliances) of £1,170 in 2019. Around £150 of the bill was 

attributed to environmental and social costs, including the cost of low-carbon 

policies.29 

 

The impact of low-carbon policy costs on energy bills is regressive, making up a 

larger proportion of the household income of lower-income groups than higher-

income groups (Figure 6.3). It also makes decarbonisation of heating more difficult 

as most policy costs are currently recovered from use of electricity rather than gas. 

A household switching from a gas boiler to a heat pump for its heating would face 

an extra policy cost of over £100 a year on its energy bill, despite reducing its 

emissions in the process. 

 

The Committee last published a detailed assessment of energy bills in 2017.30 That 

assessment concluded that improvements in energy efficiency had more than 

offset increased costs of funding low-carbon technologies such that overall bills 

had fallen in real terms since the Climate Change Act was passed in 2008.  

Household gas and electricity 
use has fallen by around 20% 
since 2008, reducing bills.  
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We expected those offsetting effects to continue in the following years as efficient 

boilers, lights and appliances roll through the stock and as continued low-carbon 

investment adds further to low-carbon policy costs. 

 

Figure 6.3 Low-carbon policy costs as a 
percentage of total household income by 

income groups 
 

 

Source: Owen & Barrett (2019) Reducing inequality resulting from UK low-carbon policy. 

 

Fuel poverty 
 

A household is considered to be fuel poor if it cannot afford to keep its home 

adequately warm at a reasonable cost, given its income (though definitions vary 

across the UK).* Fuel poverty is caused by a combination of low household income, 

high energy requirements and high energy costs, with energy-inefficient housing 

being a key driver. 

 

Current policies are insufficient to tackle fuel poverty, despite significant funds 

nominally targeted at helping people heat their homes: 

• Around 10% of English households are considered to be in fuel poverty, 

representing over 2 million households, compared to close to 12% in 2009. 31 

In Scotland, Wales and Northern Ireland the number of households in fuel 

poverty are significantly higher at 25%, 12% and 42% respectively, due in 

part to using oil or electricity, rather than natural gas, for heating in rural 

areas, as well as differences in regional income.32  

• The Energy Company Obligation targets energy efficiency installations 

towards fuel poor households and installs over 150,000 per year.  

 

 
* In Scotland, Wales and Northern Ireland this is defined as spending more than 10% of income on household fuel use in 

order to maintain a satisfactory heating regime. England uses different definition. See p49 here: 

https://www.theccc.org.uk/wp-content/uploads/2017/03/Energy-Prices-and-Bills-Committee-on-Climate-Change-

March-2017.pdf  

Fuel poverty continues to be 
an issue across the UK. Tackling 
this will be an essential part of 
a just transition to Net Zero. 
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This year, an additional £1.5 billion of funding for the Green Homes Grant 

was also introduced, with the scheme available to social landlords, 

alongside targeted funding for fuel poor homes, via local authorities.  

• Joint research that we published with the Committee on Fuel Poverty in 

2017 identified potential savings on the Winter Fuel Payment (WFP) and 

Warm Home discount, which are poorly targeted at helping households in 

fuel poverty. We estimate that less than 10% of the combined £2 billion per 

year of these budgets for England is received by households in fuel poverty. 

 

Nationwide rollouts of energy efficiency and low-carbon heating solutions offer an 

opportunity to reduce energy bills for the fuel poor while decarbonising their 

heating, particularly for those off the gas grid. Our scenarios have these homes at 

the forefront of the required low-carbon heating installation programme.   

 

b) Future energy bills and fuel poverty 
 

By 2050 we expect the combined operational cost savings from our scenarios for 

the electricity and buildings sectors to more than offset the extra investment 

requirement for those sectors. That reflects the significant cost reductions expected 

for renewable power generation and their increasing share of the UK generation 

mix. It implies significant potential for lower bills in the long term, particularly 

compared to the current situation where support for historical low-carbon 

investments in the power sector is adding significantly to current energy bills. 

 

Electricity costs and appliance efficiency 
 

However, in the early 2030s, we expect low-carbon electricity investment to 

continue to add costs to energy bills. Improving energy efficiency can continue 

largely to offset these increasing costs in aggregate. 

• Costs of low-carbon electricity. Although we expect electricity costs to fall 

in the long run, we first expect costs to rise to 2030. 

• This reflects both the costs of support for low-carbon investment and 

costs of network reinforcement, which is also recovered through 

energy bills, albeit spread over a long period as part of the UK’s 

regulated asset base. Many of the costs have already been 

committed by existing policies. 

• Low-carbon investment in the 2020s includes some more expensive 

options, such as renewables that were contracted several years ago, 

new nuclear power stations that have either agreed a higher price for 

their electricity or that we assume will cost more than renewables, and 

early carbon capture and storage plants that we expect to be 

relatively expensive. Together, this adds costs of up to £9 billion per 

year, peaking in 2030 and falling away by 2040. We expect these to 

add over £100 by 2030 to the average annual energy bill for a typical 

household, though this will depend on policy design (e.g. the 

Government has proposed use of a regulated asset base model for 

future nuclear investments). 

• From the late 2020s the costs of supporting legacy low-carbon 

investments (i.e. renewable generation deployed 15-20 years earlier) 

will begin to end, reducing the £150 policy costs currently levied on 

bills. 

 

Opportunities exist to target 
existing funding better towards 
fuel poor households. 

Support for low-carbon 
electricity is likely to add costs 
to 2030, but fall shortly after.  
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• Savings from lights, appliances and boilers. In our 2017 energy bills analysis 

we estimated that by 2030 households could save around £125 on average 

each year by replacing appliances, lights and boilers at the end of their 

lives with the latest equivalent models.* Beginning from 2019 instead of 2016 

that implies a potential saving by 2030 of around £100. 

 

However, these costs and savings will not be evenly distributed between 

households. Recovery of the extra costs should be carefully considered – it should 

not be automatically assumed that they will be added to energy bills, given the 

regressive effect of such an approach. In particular continuing to recover costs 

only from electricity bills would adversely affect those with electric heating and 

undermine the attractiveness of electrification. 

 

Paying for low-carbon buildings retrofits 
 

Our analysis in Chapters 3 and 5 (Figure 6.4) identifies an additional investment 

requirement in buildings energy efficiency and low-carbon heating of around £9 

billion each year from the late 2020s through to 2050 to fully decarbonise the 

existing housing stock. This averages at under £10,000 investment per existing 

home. This additional investment delivers an operating cost saving of around £1.5 

billion a year, with an additional £1.2 billion from lighting and appliances savings 

(mentioned above) and on top of savings from improvements to boiler efficiency 

assumed in our baseline. 

 

In our accompanying Policy Report we identify a need for policy costs that are 

currently charged primarily on electricity bills to be rebalanced. That could involve 

moving them to Exchequer spend (in which case energy bills would fall 

substantially, but tax rises may be required), or spreading them more evenly over 

electricity and gas bills (which would have offsetting increases on gas bills and 

decreases on electricity bills). We also identify the importance of standards in 

driving progress, but for such a policy to be seen as fair it is likely that some 

Exchequer support will be needed, for example as grant funding towards the costs 

of investments. 

 

Such an approach can achieve the major upgrade required to the UK’s homes 

without large increases in consumers’ energy bills and with a modest increase 

Exchequer funding. Indeed, policy can be designed to ensure that vulnerable 

customers benefit from lower energy bills, given the lower operating costs resulting 

from improvements in energy efficiency of homes and heating systems.  

• Low-income households. Our scenarios meet the Government fuel poverty 

target to improve all fuel poor owner-occupied homes to an Energy 

Performance Certificate rating of ‘C’ by 2030. Investment costs for these 

homes are around £2 billion a year to 2030. This reduces to £1 billion a year 

to 2050 once the 2030 target has been met. These investment costs can 

broadly be covered by existing Government schemes, if current temporary 

schemes are extended or other budgets increased (Box 6.3). Providing the 

remaining funding gap is closed, this will deliver ongoing savings in annual 

energy bills for fuel poor homes of around £70 from 2030 on average. 

• Other households. Our scenarios involve investment rising to £7 billion a year 

for non-fuel-poor households by 2030. The Government has already 

proposed policies to pass some of these through (e.g. to landlords through 

the private-rented sector minimum standards, though some may then be 

recovered through rents).  

 
 
* These estimates do not include bill reductions from improving the energy efficiency of the building (e.g. insulation). 

Some of these costs are 
expected to be offset through 
improved efficiency in 
appliances over the same 
period. 

 

Decarbonising our existing 
homes is associated with 
investment costs of under 
£10,000 per home to 2050. 

It is possible to achieve this 
without large increases to 
energy bills and with a modest 
increase to Exchequer 
funding. This would mean 
people would see the lower 
operating costs from energy 
efficient, low-carbon homes 
reflected in their energy bills. 

This investment delivers cost 
savings of £1.5 billion per year, 
with a further £1.2 billion per 
year savings from lights and 
appliances. 
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Funding for current policy programmes could cover remaining investment 

requirements in the long term but would leave an annual gap in the late 

2020s around £3 billion, with offsetting fuel savings of over £1 billion (Box 

6.3). 

 

Figure 6.4 Household investment and operating  

costs, existing homes, Balanced Pathway 

 

Sources: Element Energy for the CCC (2020) Development of trajectories for residential heat decarbonisation to 

inform the sixth carbon budget; CCC analysis. 

Notes: Stack columns above the axis show annual additional investment cost. Does not include some operating 

costs for cooking or household and garden machinery (e.g. lawnmowers). 

 

Various options exist for funding the remaining gap of up to £3 billion per year in 

the late 2020s. It may be possible to pass some, or even all, of it through to 

homeowners. That would impose a cost, but could increase the value of their 

homes. It could be funded through further Exchequer support, including extending 

existing schemes. Or it could be recouped through energy bills, in which case they 

will increase. 

 

Good policy design will be vital to ensuring that costs do not escalate beyond 

these estimates. We set out our recommendations in the accompanying Policy 

report, including the need for clear signals and standards, skills policy, information, 

enforcement and local energy planning. 

 

We note that the sum of the support required to decarbonise residential heating is 

considerably lower than that already allocated to decarbonising the power  

sector, within a programme that was widely considered to have been a success.  
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The overall investment programme in the building stock will deliver important 

benefits besides reducing emissions – making homes comfortable and healthier 

places to live in, improving affordability in inefficient stock and tackling fuel 

poverty, and helping make homes resilient to future climate impacts such as 

overheating (see Chapter 3 for more details). 

 

Box 6.3  
Existing support schemes and the need for low-carbon funding 

The Balanced Pathway to Net Zero set out in Chapters 2 and 3 sees the UK invest in a 

major energy efficiency programme over the next 10-15 years, in line with Government 

policy. This prepares the stock for a full-scale transition to low-carbon heating in homes on 

the gas grid from 2030-2050. Annual investment costs rise to around £9 billion a year by 

2030, with an offsetting saving in annual operating costs of £1.5 billion. Funding for current 

policy programmes would cover part, but not all, of that gap. 

 
Fuel poor homes. There are several Exchequer-funded programmes which cover £1-2 

billion a year of investment costs between now and 2028, mainly focussed on making fuel 

poor homes more efficient: 

 
• Fuel poverty programmes. The Energy Company Obligation currently funds energy 

efficiency for the fuel poor, at £0.6 billion a year through to 2028. There are further 

publicly funded schemes in Scotland, Wales and Northern Ireland which add around 
£0.1 billion a year. An extra £2 billion is earmarked for fuel poor homes under the 

Homes Upgrade Grant under the 2019 Conservative party manifesto. 

• Government funding for social housing. Government has earmarked a further £3.8 

billion of funding for energy efficiency upgrades in the 5 million social homes, at 

around £0.5 billion a year. We estimate that around 40% of this would cover homes 

currently in fuel poverty. It does not cover low-carbon heat investments currently, 

which would add a further £4 billion to 2030. 

• Green Homes Grants. As part of its stimulus package, the Exchequer is currently 
providing £2.0 billion for grants for energy efficiency and low-carbon heating in 

residential homes through to April 2021 (including the £500 million Local Authority 

Scheme). These cover the full costs for low income households (capped at £10,000 per 

home), and two-thirds for others (capped at £5,000 per home). We assume here that 
up to 50% covers fuel poor homes – the exact split between fuel poor and other 

homes will be determined by demand. 

Policy proposals to extend private-rented sector minimum standards will affect who pays 

for these investments over the next decade: 

 
• The UK Government published proposals in September 2020 to require all private-

rented homes to get to EPC C by 2028. This would apply to all new lettings from 2025. 

• Based on our analysis, this suggests that up £2.5 billion a year could be passed through 

to landlords between 2025-2028. The high end of the range is if the Government takes 

a ‘dual-metric’ approach targeting both efficiency and carbon emissions, as set out in 

its 2020 consultation.* An approach which includes carbon intensity is associated with 
an additional take up of 700,000 heat pumps to 2028 in the Impact Assessment. BEIS 

has published cost estimates of £4,700 per home, or £6,200 per home for the ‘dua l-

metric’ proposal. Pass-through could be higher around 2028, when the total annual 

investment programme peaks above £9 billion. 

• Between a quarter to just under half of PRS investments cover fuel poor homes, with 

the low estimate based on BEIS’ recent Impact Assessment. 

• These investments would increase the value of the landlord’s asset (i.e. the home). 

However, it remains possible that some of the costs may get passed on to tenants 

through rents. 

 

 
* ‘Dual-metric’ refers here to the energy efficiency rating (EER) which is the typical cost rating on household energy 

performance certificates (EPCs).   
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Existing Exchequer support through other schemes could also fund some of the required 

investment. 

 
• The domestic RHI subsidises renewable heat technologies such as heat pumps and 

biomass boilers, with subsidies paid over a seven-year period. Current forecast spend is 

around £400 million this year against an allocated budget of £1.15 billion budget for 

this financial year.  

• The existing £400 million spending will reduce to zero over the next seven years. 

• Similarly, the Green Homes Grant could be extended, which would cover an 

additional £2 billion per year. 

Implementing these proposals could cover £6-7.5 billion through to 2028 of the £9 billion 

investment required annually, and £4 billion from 2030 once the energy efficiency 

programme has been completed in most homes. The range in the 2020s is a function of 

policy design, in particular for the PRS standards (e.g. whether they cover the full 

investment in the Balanced Pathway, including whether they cover low -carbon heat). 

This leaves a gap of up to £3 billion a year in the late 2020s, rising to £4 billion a year in the 

2030s. 

 

c) Wider household costs and benefits 
 

While we expect costs to increase to the early 2030s in the electricity sector and for 

buildings, we expect a large fall in the costs of transport.  

• When private costs (e.g. tax) are included savings are large for individual 

consumers. For example, owners of petrol and diesel cars driving 250km 

(156 miles) in a week currently pay around £17 for their fuel. 

• Driving the same 250km in a typical electric vehicle could cost around £6, 

saving the driver £11 each week, equivalent to over £500 each year.33  

• Even with tax excluded, savings would be significant, at around £100-200 

per year.  

 

We have not undertaken a distributional assessment for motoring given the large 

cost savings expected overall – though as we note below there could still be 

potential issues of fairness. 

 

There are also considerable opportunities to improve people’s health, well -being 

and access to the natural environment. We set those out in Chapter 5 at an 

economy-wide level. Delivering these in a fair way and ensuring broad access to 

the benefits should be a policy focus, alongside avoiding unfair distributions of 

cost. 

 

We also identify various other risks in our scenarios of potentially regressive or unfair 

effects that can be foreseen and should be planned for.  

• Savings from electric vehicles may not be equally available. If infrastructure 

in urban areas is prioritised, rural drivers risk missing some of these benefits. 

Similarly vehicle charging at home is cheaper than charging in public 

places, favouring those with off-street parking. All electricity consumers may 

end up paying for network upgrades that are required for electric vehicles, 

regardless of whether, or how much they drive. As well as incentivising EV 

uptake, tax decisions must be seen to be fair to those who cannot afford to 

buy new EVs. 

 

• Gas networks. As homes are electrified, the usage of the UK’s gas networks 

will decline, and the costs of managing this infrastructure could fall on 

We can already foresee some 
of the risks of the transition, 
including in areas where costs 
are likely to rise such as heat in 
buildings. 

The transition to electric 
vehicles offers a major cost 
saving to consumers. 
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fewer and fewer billpayers, disproportionately affecting those who remain 

on the gas grid. This could exacerbate fuel poverty and regional income 

inequality. 

• Decarbonising the UK’s manufacturing and construction sectors, including 

sectors like food processing and beverages, will lead to an increase in the 

costs of some goods. Where these are essential products, passing through 

these costs to consumers could be regressive. However, even with full pass 

through impacts on the prices of final goods is likely to be relatively limited. 

• The costs of aviation could increase, as airlines pay for engineered CO2 

removals to offset the emissions of flights, despite fuel cost savings from 

higher efficiency and lower emissions per flight than currently.  For example, 

paying for CO2 removal could add over £100 to a £500 return flight to New 

York in 2035.* While generally, people who fly have a higher ability to pay 

for these costs – 70% of flights are taken by 15% of people,34 added costs 

could be seen as unfair to families who go abroad infrequently. Frequent 

flyer levies have been suggested as a means of paying for this and were 

favoured by the Climate Assembly. 

• When costs are paid for can raise questions around intergenerational 
fairness. Given the length of the transition, and a distribution of costs over 

30 years in the CCC’s scenarios, young people will bear a portion of the 

costs of the transition, and also deal with the impacts of a warming planet. 

This points against any backloading of costs, which would need to be paid 

by future generations, and towards the need for a smooth transition to Net 

Zero.   

 

These risks emphasise the importance of planning for a just transition and to share 

costs, and benefits, fairly. They should be considered carefully within the Treasury’s 

Net Zero Review and in ongoing policy design to drive the transition. Towards 2050, 

the falling costs of transport and electricity have the scope to offset the costs of 

switching to low-carbon heat (Figure 6.5). 

  

 
 
* Aviation emissions are not fully offset through emissions removals in our scenarios by 2035, but are by 2050. 

Paying for emissions removals, 
could add £100 to a return 
flight to New York in 2035. 
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Figure 6.5 Falling costs for zero carbon power and 
transport have the scope to offset heating costs 

 

Sources: CCC analysis. 

Notes: Figures are illustrative of costs over a transition to Net Zero. Heating costs are annualised over the period 

2020-2050. Costs for power and transport are annualised costs in 2050, and the power costs include s avings from 

paying for legacy renewable electricity projects under the Levy Control Framework. Transport savings are pre-tax 

and do not relate to the fact that electric vehicles do not pay fuel duty or Vehicle Exercise Duty. Transport costs 

include costs of cars, vans, HGVs, buses and rail. 
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4. Fiscal circumstances 

The Climate Change Act requires that we consider ‘fiscal circumstances, and in 

particular the likely impact of the decision on taxation, public spending and public 

borrowing.’ We note that the UK is starting from a position of stretched public 

finances and high borrowing and debt as a result of the response to the COVID-19 

pandemic. 

 

Our scenarios can be delivered without major implications for the public finances. 

Market mechanisms can be used to ensure that the private sector brings forward 

the majority of the required investment. The areas we identify as benefiting most 

from public spending require up to around £4-6 billion extra annual funding by 

2030. Greater use of carbon taxes could bring in significantly more revenue to 

balance this spending. There may also be benefits to general taxation in the near-

term to the extent that the low-carbon investment programme supports economy-

wide investment and the UK’s economic recovery. A particular priority will be 

considering how to replace lost annual revenues from fuel duty (£28 billion) and 

Vehicle Excise Duty (£7 billion), for which a switch to road charging is an option. 

 

This section considers: 

a) Current environmental taxes and public spending 

b) Implications of the Net Zero pathway for taxation 

c) Implications of the Net Zero pathway for public spending 

 

a) Current environmental taxes and spending 
 

The UK Government already supports decarbonisation programmes, spending an 

estimated over £5 billion/year (around 0.25% of GDP), via low-carbon energy 

support paid through direct Exchequer spending (around £1billion per year on the 

Renewable Heat Incentive, and grants for electric vehicles), and payments for 

environmental land management under the EU’s Common Agricultural Policy 

(‘CAP’ – around £0.5 billion/year).35  

 

Additionally the Government supports low-carbon energy via levies on bills, 

including for renewable electricity (around £10 billion/year forecast in 2020-21) and 

energy efficiency (around £0.6 billion/year – Table 6.1).  

 

Further spending also takes place through Government department budgets and 

research institutions. Similarly, tax reliefs, such as reduced rates of VAT or 

exemptions, are classed as Government spending, making it hard to build up a 

comprehensive picture of current low-carbon public spending. The UK spends a 

significant amount on International Climate Finance (£5.8 billion over 2016-2021, 

doubling for the following five years). 

 

The Government also collects environmental taxes of over £3 billion per year from 

revenue from carbon pricing (including CRC, CCL and auctioned allowances 

under the EU ETS)* and around £0.7 billion per year through landfill tax. Receipts 

from fuel duty are around £28 billion per year from sales of petrol and diesel to 

road vehicles, and a further £7 billion is raised from Vehicle Excise Duty.   

 

 
* CCL = Climate Change Levy, a levy on the fossil fuel content of fuels. CRC = Carbon Reduction Commitment, a 

Government energy efficiency scheme.  

Our scenarios can be 
delivered without major 
implications for the public 
finances. 

The Government already 
supports decarbonisation 
programmes in the UK via 
direct funding, and levies on 
energy bills.  
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Additional support for decarbonisation programmes come from the Governments 

of Scotland, Wales and Northern Ireland, however this funding is not considered 

directly in this chapter.  

 

More broadly, across the UK policies with objectives that are not directly related to 

climate change mitigation indirectly reflect a carbon price and are applied, to 

varying extents, in the surface transport (e.g. fuel duty, VED) and waste sectors 

(e.g. landfill tax), and to energy use in commercial and residential buildings (e.g. 

reduced VAT on energy - see section iii).  

 

b) Implications of the Net Zero pathway for taxation 
 

Most changes to the Government balance sheet resulting from the transition to 

Net Zero will be relatively gradual, playing out through to 2050. There is time and 

scope within annual budgets to make adjustments to the fiscal framework, and 

develop suitable policy and funding instruments to avoid fundamentally changing 

the burden of taxation.   

 

Changes in tax receipts 
 

Our pathways have two significant implications for receipts from current UK taxes. 

First, they will have an effect across the economy on growth and investment, with 

implications for tax receipts. Second, they will affect receipts from particular taxes. 

 

We have not attempted to quantify the cross-economy impacts, given the 

uncertainties set out in Chapter 5 for predicting the impact of the low-carbon 

investment programme on GDP (e.g. we identify an annualised resource cost in 

2035 of less than 1% of GDP, while macroeconomic modelling suggests a potential 

2% GDP boost). To the extent that the investment programme supports the UK’s 

economic recovery it could have a large positive impact on general taxation. The 

increased spending from the investment programme (i.e. £50 billion annually by 

2030, continuing to 2050) could translate to increased tax receipts.  

 

The clearest single measure affecting taxation directly is the shift to low-carbon 

transport, eliminating petrol and diesel use by 2050. Under current tax treatment, as 

low-carbon vehicles reach 100% of vehicle sales by 2030, fuel duty receipts, which 

currently account for £28 billion of Government tax receipts annually (equivalent 

to 4% of total Government spending, and 1.4% of GDP), would drop to zero. So too 

would Vehicle Excise Duty (VED) of £7 billion per year. A shift towards road 

charging could address these impacts (Box 6.8). 

 

Much smaller changes would also be seen in other taxes. For example, landfill tax 

(currently £0.7 billion per year) would fall as waste is reduced and diverted to other 

means of disposal in our scenarios. Income from carbon taxes and trading 

schemes will tend to fall as emissions fall (the power sector switches over fully to 

low-carbon options by 2035 in our scenarios), but that may be offset by rising 

carbon prices and falling levels of free allocation (and potentially longer term by 

carbon border tariffs levied on high-carbon imports or by extension of carbon 

trading/taxes to other sectors).  

 

  

A transition to electric vehicles 
puts at risk around £35 billion 
per year of current 
Government tax receipts. 
Options exist to address this. 
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The role of carbon taxes 
 

To incentivise the transition to Net Zero, relative prices will need to reflect carbon 

content sufficiently to favour low-carbon options over high-carbon options. That 

can be achieved through explicit carbon pricing or other levers. 

 

In principle, all sectors of the economy can be exposed to carbon pricing. In the 

UK at present, carbon pricing is applied inconsistently:  

• Electricity prices currently carry most climate policy costs. That increases 

electricity prices relative to natural gas and discourages a switch to lower-

carbon electric heating. These costs must be a priority area for reform.  

• Other sectors face less explicit carbon prices but can be judged indirectly 

to reflect a carbon price. For example, in the surface transport and waste 

sectors, and energy use in commercial and residential buildings.36  

• However, some sectors do not face a carbon price at all, or face reduced 

tax rates that are judged by some to be, in effect, negative carbon prices 

or fossil fuel subsidies.37 

• For example, home heating (often using natural gas) faces a reduced 

rate of VAT.* Red diesel fuel for tractors is another example. These 

examples demonstrate the importance of wider considerations, 

including equity and fairness, given the regressive nature of charges 

on energy bills and the wider policy package to support farmers. 

• Similarly, aviation fuel faces no taxes at all, meaning that international 

flights that go beyond EU borders (where they are covered by the EU 

Emissions Trading System) do not face a carbon price or fuel taxation. 

Equity arguments are less relevant for this sector, although as set out 

above, the Climate Assembly favoured a frequent flyer levy on 

account of fairness concerns.  

• Energy-from-waste plants also face very little carbon taxation. 

 

Greater use of carbon taxes can also support the public finances while 

strengthening incentives to reduce emissions. They are particularly attractive when 

global oil prices, and therefore consumers' energy costs, are low, as they are now.  

 

The Zero Carbon Commission estimate that carbon pricing could raise up to £27 

billion per year by 2030, though this could increase costs to households, raising a 

further need for an equitable redistribution of costs. †38 Recognising this need, the 

ZCC suggests that some carbon pricing revenue could be redirected towards the 

most affected households. We set out further considerations on the role of carbon 

pricing and options for broadening it in our accompanying Policy Report. 

 

 

 
 
*   A Green Gas Levy has been proposed, paid through gas bills, that will fund the injection of biomethane into the 

natural gas grid. It is expected to come into place in 2021.   

†   The Zero Carbon Commission estimate that £27 billion/year could be raised via a £75/tCO2 charge across most 

domestic sectors, revenue from a Border Carbon Adjustment for industry, energy and agriculture, and removal of 

the Red Diesel subsidy for agriculture and shipping. This is an increase on carbon revenues of over £2 billion/year 

today.  

Carbon taxes could be 
expanded, but without careful 
management this could raise 
issues around the equitable 
distribution of these costs. 
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Box 6.5:  
Impact of electric vehicle uptake on taxation revenues 

Electric vehicles (EVs) currently benefit from preferential tax treatment to conventional vehicles: 

EVs are zero-rated for vehicle excise duty, do not pay fuel duty on the electricity they consume 

and benefit from capital grants towards purchase costs. In the longer term these will likely not 

be needed – fewer parts and greater efficiency in energy use mean they will be cheaper to 

buy and run even without tax advantages. We expect that parity in total cost of ownership for 

a typical car will be reached in around 2025, and by 2030 EVs will offer consumers considerable 

savings over their lifetime. However, the transition to EVs could, without policy changes, raise 

two key issues: 

 

• Lower tax receipts. Fossil fuel consumption in road transport decreases by 69% by 2035 in our 
Balanced Pathway. This will lead to a substantial reduction in revenue from fuel duty of £12-

14 billion per year by 2035 (Figure B6.5). By 2050, fuel duty revenues will drop from around £28 

billion now to zero. Vehicle Excise Duty receipts are currently around £7 billion annually, but 

electric vehicles are exempt. On current treatment revenues would decline towards zero as 

the UK switches over to EVs. 

• Increased congestion. As the marginal cost of driving a mile will be cheaper with an EV, we 
would expect to see a rebound effect whereby the average car drives more miles. This 

could lead to increased congestion. 

In order to address both, some form of road pricing is likely to be necessary. Road pricing 

involves direct charges levied on drivers for road use, with options to vary charges based on 

road type, time of day and vehicle type to reflect the impact of individual journeys and help 

minimise congestion. Such charges could apply to all vehicle types and be set at a level to fill 

the gap left by fuel duty. The size of the fuel cost savings means that EVs are expected to be 

cost-saving for consumers even after use of road pricing. 

 

Figure B6.5 Total fuel duty receipts in the past 
decade and expected under our Balanced 

Net Zero Pathway 

 

Source: OBR and ONS (2019); CCC analysis 

Notes: Future rates of fuel duty are calculated in line with OBR forecasts – from 2020/21 onwards, these are uprated 

each year in line with growth in the Retail Prices Index (RPI); also shown is a hypothetical scenario in which an 

escalator of 1p above RPI is applied each year. The lines on the left show actual fuel duty receipts in the period of 

2011-2020 (estimated), along with how these could have differed if they had been subject to RPI uprating or an RPI 

+1 escalator. All figures are in cash terms. 
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c) Implications of the Net Zero pathway for public spending 
 

Chapter 5 set out the need for additional investment in low-carbon technologies 

and infrastructure to increase from around £10 billion per year today to over £50 

billion per year by 2030. Most of these investments will be funded and delivered by 

the private sector. Government borrowing rates are particularly low, but so are 

those for the private sector. The use of Government policy to de-risk private sector 

investment is likely to be more important than direct public investment in most 

areas, and can be used to leverage many multiples of any Government spend.  

 

In many areas funding instruments are already in place, and Government can 

build on these to deliver policy packages that use some public funding, backed by 

strong policy, to leverage private investment in the 2020s (Table 6.1).  

• New renewable electricity projects are now cheaper than high-carbon 
electricity in the UK. However targeted support will still be required in some 

areas, such as port infrastructure for offshore wind (e.g. the recently 

announced £160m funding for ports servicing offshore wind farms). Larger-

scale funding (which is currently levied on bills, and therefore covered in 

our analysis above) is likely to be needed to support nuclear power (e.g. 

via a regulated asset base – RAB – model), novel renewables (such as 

wave, floating wind, and tidal) and funding for hydrogen and CCS power 

projects.  

• Switching homes to low-carbon heating and improving energy efficiency 
remains a major challenge. Standards and regulation can incentivise 

housebuilders and landlords to improve the efficiency and install low-

carbon heat in new and existing homes. As set out in Box 6.5 above several 

schemes exist that draw on Exchequer spending. Continuing that spending 

(including temporary schemes like the Green Home Grants) and directing 

funding towards grants could support the majority of the required 

investment programme without adding to energy bills if extra annual 

funding of up to £3 billion was provided from the late 2020s. Longer term 

this could fall as low-carbon heating costs fall and standards pass more of 

the investment cost onto consumers. Around £1 billion is required annually 

for public sector buildings. 

• Deep decarbonisation measures in manufacturing and construction have a 

combined capital and operating cost of the order of £2.5 billion a year by 

2030, and £5 billion a year by 2050. Some of this could be passed onto 

industry, however, trade-exposed industries will require a level playing field 

to ensure that emissions are reduced, not offshored (see section 2). For an 

interim period, industrial decarbonisation of trade-exposed sectors should 

be funded by taxpayers, but this can be reduced over time by introducing 

policy on imports and as other countries take action to meet their 

commitments under the Paris Agreement. Some early deployment support 

may also be needed for less trade-exposed sectors. 

• Farmers and land managers currently receive large subsidies from the EU's 

Common Agricultural Policy (CAP), but not for reducing GHG emissions. The 

UK Agriculture Bill intends to redirect subsidies towards public goods and 

could support the major transition in land use and farming practices 

required by the Net Zero target and our recommended Sixth Carbon 

Budget. Realising the changes in UK land use in our scenarios could require 

funding of at least £1 billion/year, which can be partly provided by the 

private sector and partly through public funding.  

 

Government de-risking of 
private sector investment can 
bring forward most of the 
investment in our scenarios. 
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• The annual costs of removing emissions from the atmosphere are 

potentially large in our scenarios (e.g. of the order of £6 billion/year by 2050, 

from an initial scale of around £1 billion/year in 2030). Initial development of 

these technologies is likely to require some Exchequer funding, however in 

the long-term costs should be paid for by polluting industries (e.g. aviation).  

• As electric vehicles continue to fall in costs, current purchase subsidies can 

be phased out. By 2050, we expect the shift to low-carbon options like 

electrification to cut the annual costs of UK transport by around £19 billion 

per year. That can be achieved while maintaining transport's tax 

contribution and allows for the costs of charge-points and other 

infrastructure, whilst phasing out the capital subsidies, and lower vehicle 

and fuel taxation that EVs currently benefit from.  

• Additional Exchequer support is likely to be required for large scale 
demonstration projects in low-carbon hydrogen production, CCS 

infrastructure, HGV trials and local projects such as Net Zero Pathfinder 

cities.  

In total these areas imply a need for Exchequer funding rising to at least £9-12 

billion per year by 2030, an increase on the £5 billion per year of direct Exchequer 

funding spent today (Table 6.1). Spending through low-carbon levies also will need 

to increase, as set out in section 3 on energy bills. Other spending that we have not 

identified may be appropriate in support of the just transition. 

 

Generally, we would expect a move away from Exchequer funding over time – a 

continued need for subsidies is unlikely to inspire business confidence in low-carbon 

markets. Standards and regulation complemented by carbon pricing can be used 

to ensure the low-carbon option is favoured, and where appropriate, the high-

carbon option is phased out. The role of Government then becomes ensuring 

efficient markets and avoiding inequalities.  

• Supporting cost reduction. As seen in the power sector over the past 

decade, initial Government support can enable technology cost 

reductions, allowing support to be reduced over time. Our scenarios 

involve increasing roles for other emerging technologies (e.g. emissions 

removals, low-carbon HGV trials, and floating wind).  

• Standards and regulation can be used to mandate suppliers of higher-

carbon technologies and fuels to provide low-carbon alternatives, driving 

deployment at scale.  

• Where possible, costs can be passed through, such as in sectors that are 

not exposed to international trade, or in buildings, where the cost the low-

carbon heating could be absorbed into property values for new build and 

existing homes.  Where the costs of decarbonisation are higher, premiums 

for low-carbon goods may be acceptable, if applied universally. For 

example, product standards (possibly alongside border carbon tariffs) in 

the UK could ultimately create a market for low-carbon steel a slightly 

higher price. 

• Carbon markets and carbon trading can be used instead, or alongside 

standards and regulation to incentivise an efficient balancing of positive 

and negative emissions (see next section).   

• Ongoing Government funding will still be needed, to support innovation, 

build skills and ensure the equitable distribution of costs.   

Chapter 1 of the policy report that accompanies our advice has further detail 

on the role of all actors, including Government, over the transition to Net Zero.  

Exchequer funding will need 
to increase to around £9-12 
billion/year by 2030, from £5 
billion today. 

Beyond 2030, we except 
Government funding to 
decrease as part of a 
transition to standards, 
regulations and market-
based mechanisms. 
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Table 1.11:Table 1.11 

Table 6.1 
Illustrative package of Exchequer funding for the Balanced Pathway in the 2020s 

Illustrative 
funding from the 
Exchequer 
(£bn/year)  

Today Investment costs in the 
Balanced Pathway 
(2030)  

Illustrative package of Exchequer 
funding in the Balanced Pathway 
(2030) 

Low-carbon heat 
and energy 
efficiency in 
buildings 

£1bn/year through the 

Renewable Heat Incentive 

 

£2bn Green Homes Grant 

 

£1bn Public Sector 

Decarbonisation Scheme 

 

£0.1bn/ year Heat Networks 

funding 

£17bn/year capex, 

partially offset by 

£5bn/year operating 

cost savings due to 

energy efficiency   

£5-7bn/year, including an 

additional £0.5bn/year for low-

income households; £0.5bn/year for 

social homes; £1bn/year for public 

sector buildings. 

Electric vehicles £0.2bn/year through grants 

to electric vehicles and £0.1 

billion for charging 

infrastructure 

£10bn/year of 

additional investment 

(through a programme 

of investment in the 

2020s that leads to 

operating cost savings 

of £14bn/year across 

the fleet in 2030) 

Mostly funded through the private 

sector, though some continued 

support might be required on the 

rollout of charging infrastructure, 

and low-carbon buses and HGVs. 

Manufacturing & 
construction  

Around £0.1bn/year per 

year via IETF, ISCF and other 

funds  

£2.5bn/year for 

combined capital and 

operational costs.  

Around £2-3bn/year to support 

trade-exposed subsectors and to 

support early/mid stage 

deployment. Reduces over time 

with policy on imports and 

reduction in early/mid stage 

support.  Potential further cost to 

remove legacy renewable support 

costs from industry power bills. 

Land use & 
agriculture 

£0.5bn/year for 

environmental land 

management under the 

CAP.   

£1bn/year £1bn/year funded via the ELMS 

scheme.  

Engineered 
removals 

- £1bn/year** £1bn/year could be required to 

scale up an early engineered 

removals market. 

Total £5 billion per year £47 billion per year £9-12 billion per year 

Additional levies Electricity supply: £10bn/year today is raised to pay for legacy renewable projects, expected to 

fall to £9bn/year by 2030 and £3.5bn/year by 2035. Additional levies, peaking at up to £9bn/year 

in 2030 and falling thereafter, could be required over this period to fund new nuclear, hydrogen 

and CCS plant– see section 3b.  

Buildings: £0.6bn/year through ECO, Green gas levy (proposed). 

Other Additional support for research, development, innovation and demonstration projects, as well as 

funding for policy development and delivery is likely to be required across all sectors.  

 
Source: CCC analysis based on OBR (2020) March 2020 Economic and Fiscal outlook, HMT (2020) Budget 2020 and EU (2020) The Common Agricultural 

Policy in Figures. 
Notes: *Actually levied on electricity bills under the Levy Control Framework, which includes payments through Feed-in-Tariffs, the Renewables 

Obligation and Contracts for Difference. **Annualised resource costs, not in year capital and operating costs. Buildings number s are both res and non-

res. CAP = Common Agricultural Policy. Payments listed under Pillar II for the UK. IETF = Industrial Energy Transformation Fu nd. ISCF = Industrial Strategy 

Challenge Fund. 
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Introduction and key messages 
 

Climate change is a global problem requiring a global response. The 2015 Paris 

Agreement frames that response by setting a long-term global temperature goal 

and requiring bottom-up nationally determined contributions from each country 

that reflect their particular responsibilities and capabilities. Together, these 

commitments should deliver the long-term temperature goal. 

 

The Sixth Carbon Budget recommended in this report – requiring that UK territorial 

greenhouse emissions (GHG) emissions are reduced 78% by 2035 relative to 1990 – 

would form part of the UK’s contribution to this global effort. Chapters 2 to 6 set out 

pathways to deliver the budget, and the impacts that these may have. This 

chapter sets out why the Committee considers these pathways to be an 

appropriate contribution from the UK towards the global goals of the Paris 

Agreement.  

 

This chapter also sets out the implications of the pathways from Chapters 2 and 3 

for the UK’s consumption emissions and considers the options available to the UK 

for supplementing reducing UK territorial emissions to Net Zero with additional 

support for emissions reductions overseas consistent with its Paris Agreement 

obligations. 

 

The key findings of this chapter are:  

• The Balanced Net Zero Pathway represents a fair and ambitious 
contribution to the Paris Agreement. This pathway, which is the basis for our 

recommended Sixth Carbon Budget, would require the UK to deploy all the 

actions necessary for the world to keep warming to below 1.5°C at or 

before when they are required from the world as a whole, consistent with 

the UK’s obligation as a developed country to take a lead. Pursing the 

highest feasible ambition for rapid reductions in emissions to 2035 would 

help minimise the UK’s contribution to global warming between now and 

reaching Net Zero and would see UK emissions per person in 2035 consistent 

with the global average in scenarios expected to keep warming to 1.5°C.  

• The UK’s Nationally Determined Contribution to the Paris Agreement should 
be set based on the same pathway as the Sixth Carbon Budget.  We have 

considered the required principles for an NDC under the Paris Agreement, 

particularly the need for ‘highest possible ambition’, in constructing the 

Balanced Pathway. The UK should also use the opportunity of its role as the 

host of the international negotiations to reaffirm and strengthen other 

aspects of its contribution to tackling climate change, in particular the 

need to strengthen adaptation planning for the inevitable future increases 

in climate risks, both around the world and in the UK. 

• Action to develop and deploy deeper decarbonisation options over the 
2020s in the Balanced Net Zero Pathway can have significant global 
benefits in the decades thereafter. Our Balanced Pathway deploys most 

low-carbon options at scale before they must reach similar scales for the 

world as a whole, but in line with emerging commitments from other 

climate leaders. That is particularly important for deeper decarbonisation 

options including widespread electrification in industry, carbon capture 

and storage (CCS) and low-carbon hydrogen, some which are currently 

relatively expensive and need early-stage support before a global scale-up 

would be credible. The UK is well-placed to help pioneer developments in 

these areas alongside other developed countries.  

This chapter provides the 
Committee’s assessment of 
the international 
circumstances and the UK’s 
contribution to the Paris 
Agreement.  
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Slower progress in these areas over the coming decade would risk 

undermining the rapid global scale-up required in these technologies over 

the 2030s and beyond to deliver on the Paris Agreement.  

• The UK can and should do more to support the global effort than just 
delivering its domestic emissions reduction pathways. Climate risks globally 

and in the UK will only stop increasing when global emissions decline to 

close to zero. As a developed country, the UK has a responsibility to do 

more to support the global decarbonisation effort than just deliver 

ambitious domestic commitments to reduce emissions. Opportunities exist 

for the UK to help drive up global ambition across many areas alongside 

other developed countries. In particular, the UK’s role as host of COP26 and 

President of the G7 group in 2021 give it an opportunity and a responsibility 

to coordinate efforts to align the economic responses to COVID-19 with the 

significant shifts in investment patterns needed over the coming decade to 

keep the Paris Agreement long-term temperature goal within reach. The UK 

is an important provider of climate finance for both mitigation and 

adaptation. And the UK’s role as a global financial hub indicates additional 

opportunities to do so through financial system reform.  

• Part of the UK’s effort to support global decarbonisation should involve 
actions to track and reduce its overseas consumption footprint. A variety of 

levers are available to the UK to support reductions in the overseas 

emissions that help meet UK consumption. Under successful efforts to 

reduce global emissions in line with the Paris Agreement, exploratory 

modelling indicates that the UK’s consumption emissions footprint could be 

reduced as much as 90% below 1990 levels. The Government should track 

these emissions against a target trajectory consistent with global outcomes 

achieving the Paris Agreement.  

 

We set out our analysis in four sections:  

1. Reflecting the Paris Agreement in our scenarios 

2. Is the Balanced Net Zero Pathway a fair and ambitious contribution?  

3. Supporting the global effort to reduce emissions 

4. Reducing the UK’s consumption footprint 
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1. Reflecting the Paris Agreement in our scenarios 

The Paris Agreement is the globally agreed framework for tackling climate change, 

created at the 21st Conference of Parties (COP21) to the United Nations 

Framework Convention on Climate Change (UNFCCC) in 2015 and has been in 

force since 2016. It has been ratified by 188 countries representing around 80% of 

current global greenhouse gas emissions.  

 

This section summarises the aims of the Paris Agreement and the obligations on the 

UK to reduce its territorial GHG emissions as a Party to the Agreement and explains 

how they are reflected in the scenarios developed in this report. It is in two sub-

sections: 

a) National contributions to the Paris Agreement 

b) How the scenarios in this report reflect the Paris Agreement 

 

a) National contributions to the Paris Agreement 
 

The Paris Agreement set a long-term temperature target of keeping warming ‘well-

below’ 2°C above pre-industrial levels, and ‘pursuing efforts’ to keep it below 

1.5°C. 

 

To achieve that temperature goal, the Agreement identified three high-level 

milestones for global GHG emissions: 

• Global peaking of greenhouse gas emissions as soon as possible 

• Rapid reductions thereafter 

• Achieving a balance between anthropogenic emissions by sources and 

removals by sinks of greenhouse gases in the second half of this century  

 

To achieve these global objectives, the Paris Agreement also created a system 

requiring countries to produce regular nationally determined contributions (NDCs) 

to the long-term goals of the Agreement. This system has several important 

features:  

• An obligation to produce an NDC: All countries must produce or update 

NDCs on a regular 5-yearly cycle. Countries are requested to 

‘communicate’ or ‘update’ their existing NDCs (for emissions reductions 

prior to 2030) ‘by 2020’. The UK was previously covered by the EU NDC 

(currently a 40% reduction in GHG emissions by 2030 against a 1990 

baseline) but is required to submit its own NDC having left the European 

Union. Our advice on the level of the UK’s Fifth Carbon Budget estimated 

that the UK’s contribution to this EU target would be approximately a 53% 

reduction in GHG emissions relative to 1990 levels, slightly less than the 

legislated level of the Fifth Carbon Budget. 

• Nationally determined emissions reduction targets: NDC targets are 

determined in a ‘bottom-up’ fashion by the countries themselves. 

– Parties are encouraged to commit to absolute economy-wide 

emissions reduction targets for a defined single year, but can 

currently choose a narrower sectoral coverage, or alternative 

metrics such as carbon intensity (e.g. India). 

The Paris Agreement is the 
main international framework 
to tackle climate change.  

The Paris Agreement sets a 
long-term temperature goal 
and aims to reduce global 
emissions to Net Zero. 

All countries have an 
obligation to produce a 
pledge to reduce emissions 
but set the levels of the targets 
themselves.  
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– Producing an NDC is a legal obligation under the Paris 

Agreement, but meeting the emissions reduction targets in the 

NDC is only legally binding if countries choose to enshrine those 

targets in national law.  

– In 2018 the Parties to the Paris Agreement agreed a ‘rulebook’ 

to help further standardise NDC accounting between countries 

– although some aspects of this rulebook (such as the rules for 

the interaction of NDCs with global carbon markets) remain to 

be agreed. This includes a requirement to use the global 

warming potential values (at a 100-year time horizon) from the 

IPCC 5th Assessment Report (IPCC-AR5) to aggregate GHG 

emissions.*  

• Principles for national contributions: The Paris Agreement requires that NDCs 

reflect each party’s highest possible ambition and their common-but-

differentiated responsibilities and respective capabilities, while accounting 

for their national circumstances. 

– Highest possible ambition. Each Country’s successive NDC 

should be a ‘progression’ beyond its previous one (the so-called 

ratchet mechanism) and should reflect its ‘highest possible 

ambition’ to reduce emissions. 

– Common-but-differentiated responsibilities and respective 

capabilities (CBDR-RC) in the light of different national 

circumstances. This refers to the principle that, while all countries 

have responsibility to take actions to support the global goal, 

developed countries (that are generally wealthier and have 

contributed more to past climate change) should take a lead. 

Similarly, the capability to reduce emissions depends on wealth, 

development needs, and the sources of emissions that make up 

a country’s footprint.  

 

The first NDCs from all parties to the agreement, which mostly extend out to 2030, 

are required to be updated or recommunicated by the end of 2020 according to 

a decision of the UNFCCC at the 21st annual Conference of Parties (COP21) in 

2015, and reinforced by a decision at COP25 in 2019.  

 

The required NDC commitments for the UK are related to, but formally 

independent of, its obligations for emissions reductions under the domestic carbon 

budget framework (Figure 7.1). The UK’s NDC under the Paris Agreement should 

extend up to 2030, the mid-point of the Fifth Carbon Budget period. The UK will be 

required to submit its second NDC by 2025 for emissions reductions after 2030. This 

should be for 2035, the mid-year of the Sixth Carbon Budget period, or for a later 

period, depending on future international negotiations on establishing common 

timeframes. 

 

 

 

 

 
*   The IPCC 5th Assessment report contains two sets of values for the global warming potential to a 100-year time-

horizon (GWP100), those including and excluding climate-carbon feedbacks. We use the set of values with climate-

carbon feedbacks reflecting the IPCC-AR5 assessment that ‘it is likely that including the climate–carbon feedback 

for non-CO2 gases as well as for CO2 provides a better estimate of the metric value than including it only for CO2’. 

All countries are asked to be 
as ambitious as possible with 
their emissions reductions, with 
an expectation that levels of 
action would be different 
between countries.  

The UK’s commitments under 
the Paris Agreement are 
related to, but are formally 
independent of, the UK’s 
domestic carbon budgets.  

The UK will have to produce a 
pledge to reduce emissions 
over the period to 2030.   
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Figure 7.1 Paris Agreement and UK Climate 
Change Act timelines 

 

 

 

Source: CCC analysis. 

 

Countries are also requested to submit a mid-century low-greenhouse gas 

development pathway to the UNFCCC by the end of 2020. The UK previously 

submitted its Clean Growth Strategy, which set out plans on the path to the 

previous UK long-term emissions target to reduce emissions by at least 80% by 2050 

relative to 1990. The Government has stated its intention to submit a new Net Zero 

Strategy as an updated mid-century pathway. 

 

Countries are also expected to contribute more widely to tackling climate 

change, for example through adaptation and climate finance. We discuss some of 

these opportunities in sections 3 and 4. These wider contributions are particularly 

important for the UK as COP26 President to help support the wider effort to 

increase ambition to tackle climate change internationally. 

 

b) How our scenarios reflect the Paris Agreement principles 
 

The Committee has factored in key obligations from the Paris Agreement and 

UNFCCC into the construction of the scenarios used in this report:  

• ‘Highest possible ambition’ has been a key principle in the scenario design 

set out in Chapters 1 to 3. This includes pushing forward on the 

development of multiple options where the optimal solution isn’t clear. 

Scenarios are designed to reduce emissions as fast as reasonably possible, 

rather than making changes as late as possible, while still allowing the 2050 

Net Zero target to be met.  

We have incorporated the 
principles of the Paris 
Agreement into the process of 
building pathways to Net Zero 
in the UK.   
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All scenarios in this report involve a considerable progression in effort from 

the existing EU NDC (which has covered the UK’s formal commitment to the 

Paris Agreement to date) and existing UK carbon budgets. These scenarios 

require the UK to deploy actions necessary for the world to keep warming 

below 1.5°C before they are required from the world as a whole (Section 

2). 

• Common-but-differentiated responsibilities in the light of different national 
circumstances. The UK’s Net Zero target for 2050 covers all greenhouse 

gases (GHGs). This Net Zero date is around two decades earlier than when 

global GHG emissions reach Net Zero in emissions pathways assessed by 

the IPCC as limiting warming to 1.5°C (50% probability with no or low 

overshoot). An earlier Net Zero date for the UK than the world is consistent 

with the UK’s responsibilities as a relatively rich country with a high historical 

contribution to climate change and high overseas consumption emissions 

footprint. Consistent with this principle, our pathways to this Net Zero target 

are constructed to require ambitious early action to reduce emissions, with 

most emissions reductions occurring within the first half (2020 – 2035) of this 

30-year period.  

• Respective capabilities. The pathways in this report are built based on 

detailed bottom-up analysis of the UK’s circumstances, challenges and 

opportunities. This helps inform judgements around the feasible limits for 

ambitious but credible emissions reductions targets in the near-term. Our 

international modelling, set out in section 2, draws out how these relate to 

opportunities in other countries. 

 

Section 2 considers whether the resulting pathways can be considered a ‘fair and 

appropriate’ contribution from the UK, recognising the various accounting 

complexities (Box 7.1).  

 

Box 7.1 
Accounting rules for NDCs  

International accounting conventions mean that the UK NDC is expected to be set as a 

percentage reduction target for the year 2030 with greenhouse gas emissions 

aggregated together, using the global warming potential metric (with a time horizon of 

100 years – GWP100) from the IPCC 5th Assessment Report. This represents an accounting 

change from the current UK inventory basis of aggregating using GWP 100 values from the 

IPCC 4th Assessment Report. The status of emissions from international aviation and 

shipping (IAS) are not explicitly addressed under the Paris Agreement. 

 
• Under the Kyoto Protocol (the agreement that committed developed countries to 

emissions reductions over 2005 – 2012 with an extension to 2020), responsibility for IAS 

emissions was delegated to alternative UN bodies – the International Civil Aviation 

Authority (ICAO) and the International Maritime Organisation (IMO), and parties only 
report their IAS emissions (calculated from the use of bunker fuels) to the UNFCCC as a 

memo item in national inventories that aren’t included within the all-economy total.  

• The status of IAS emissions within NDC targets also remains unclear – most countries’ 

NDCs exclude IAS emissions, although the current EU NDC is aligned to a package to 

achieve a 40% reduction in emissions (relative to 1990) including international aviation 

emissions, but not including shipping emissions. The EU Commission’s recent impact 
assessment for its proposed 55% reduction NDC includes multiple scopes, with extra-EU 

aviation and shipping emissions fully included and excluded from possible scopes for 

the proposed 55% reduction.  

The 2030 percentage reduction consistent with the Balanced Net Zero Pathway varies 

from a 64% reduction from 1990 levels including the UK’s share of IAS emissions to a 68% 

reduction when IAS emissions are excluded from the scope (Figure B7.1). Chapter 10 

discusses the Committee’s recommendation on the appropriate scope for a UK NDC.  
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Figure B7.1 Implications of the Balanced Net 
Zero Pathway for UK NDC in 2030 

 

Source: CCC analysis. 

Notes: ‘IAS’ refers to international aviation and shipping. 
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2. Is the Balanced Pathway a fair and ambitious contribution? 

Under the UNFCCC, the UK is required to justify how its NDC is a ‘fair and ambitious’ 

contribution to achieving the goals of the Paris Agreement. This section compares 

the recommended Balanced Net Zero Pathway to global pathways expected to 

achieve the Paris Agreement long-term temperature goal. 

 

In this section we set out how we interpret ‘fair and ambitious’ and compare the 

Balanced Net Zero Pathway for consistency on a variety of metrics that capture 

both the economy-wide emissions outcomes and actions underlying this transition.  

 

This is outlined in three sub-sections: 

a) Principles for a ‘fair and ambitious’ contribution 

b) Comparing with global pathways 

c) Comparing with international commitments  

 

a) Principles for a ‘fair and ambitious’ contribution 
The Paris Agreement does not specify how the global goals should be translated to 

national contributions beyond the principles set out in the previous section – Parties 

are themselves required to judge how to balance the different principles, and to 

be accountable for their contributions to domestic and global public opinion.  

In this report we take a hybrid (i.e. top-down and bottom-up) and holistic (i.e. 

considering all aspects of the UK’s contribution to tackling climate change) 

approach to assessing a ‘fair and ambitious’ contribution from the UK to the Paris 

Agreement:  

• Recognising the need to go further than global averages. We recognise 

that a robust result from top-down analyses is that a ‘fair’ contribution from 

the UK (alongside other developed nations) is to take responsibility for 

reducing emissions faster than needed from the world as whole to achieve 

the Paris Agreement long-term temperature goal (Box 7.2).  

• Using bottom-up modelling to test feasibility. We use our bottom-up 

assessment to identify the credible limits of ‘highest possible ambition’ for 

UK (domestic) reductions that are likely to support the global efforts to 

rapidly reduce emissions and reach Net Zero globally. In practice, this will 

mean ambitious but still credible pathways to lead the development and 

deployment of actions to reduce emissions sooner than required from the 

world as a whole. 

• Considering all aspects of the UK’s contribution to causing and tackling 
climate change. We also recognise that some top-down allocation 

formulas suggest more ambitious emissions reductions than the Committee 

currently deems credible as the basis for legally binding targets. Therefore, 

we also consider additional contributions that the UK can make to reducing 

global emissions in the round to complement rapid domestic 

decarbonisation. This includes contributions through actions to reduce the 

UK’s overseas consumption emissions and wider international climate 

policy, including climate finance, to support critical parts of the global 

decarbonisation transition.  

 

Countries are required to 
provide justification for how 
they believe their 
commitments are consistent 
with the Paris Agreement.    

We consider fairness and 
ambition in the round 
incorporating top-down 
analyses with bottom-up 
modelling.   

We also consider how best the 
UK can help reduce global 
emissions as fast as possible.  
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This approach is consistent with our approach to identifying 2050 for the UK Net 

Zero target. 2050 was the earliest date for which the Committee judged it was 

credible to set a legally binding target for reducing the UK’s territorial emissions to 

Net Zero, while recognising that some top-down allocations would suggest a larger 

contribution, which at the margin could be delivered better through international 

collaboration, such as climate finance or credit purchase.  

 

Box 7.2 
Top-down equity-based allocations of emissions for the UK  

Top-down analyses using simple metrics for allocating emissions can be used to quantify 

what different equity framings (such as stresses on either equality of the right to emissions, 

responsibility for past emissions, or capability to reduce emissions) would mean for UK 

emissions in 2030 (Figure B7.2). A wide range of answers are possible, depending on the 

aspect of equity stressed and the specifics of the methodology used, but generally 

suggest that the UK should be aiming to do more than the reductions required in the 

global average. These contrast with allocation principles based on equal marginal 

abatement costs, which generally suggest lower levels of emission reductions from 

developed countries like the UK.  

 

The Paris Agreement does not use a defined equity principle to allocate emissions 

reductions to countries. Furthermore, using these top-down allocation methodologies in 

isolation does not capture several aspects key to setting domestic reduction targets 

under the Paris Agreement:  

 

• Respective capabilities and national circumstances. The Paris Agreement recognises 
that the deliverable emissions reductions will depend on specific national 

circumstances that are not captured within these simple allocation formulas. For 

example, where emissions footprints are dominated by sources with av ailable low- or 

no-cost alternatives (e.g. power sector) ‘equal effort’ could mean emissions may 
could fall quicker in the near-term than where dominated by sources with currently 

limited alternatives.  

• Clean growth opportunities. Many simple allocation formulas implicitly assume that 

cutting emissions faster necessarily imposes additional cost and could make 

development objectives more difficult to meet. However, undertaking more ambitious 

emissions reductions in the near-term may in fact have benefits for meeting 
sustainable development objectives.1 Several aspects of the required low-carbon 

transition are now expected to be cost-saving relative to a high-carbon future in large 

parts of the world (e.g. renewable generation for new power system capacity) and 

can bring significant additional benefits, particularly for air quality.2  

• Territorial emissions are only one part of a country’s contribution. Simple allocation 

formulas refer to the emissions reductions that a country is ‘responsible’ for. This can be 
made up of domestic reductions but should also consider a country’s wider 

contribution to tackling climate change through climate finance efforts and funding 

of emissions reduction through international carbon markets. Actions such as funding 

development of a key low-carbon technology may only have a small direct impact 
on global emissions but could be a major contribution to the global effort to tackle 

climate change in the long-run. Developed countries also have a responsibility to be 

supporting adapting to climate changes around the world under the Paris Agreement. 

These factors suggest the need to incorporate insights from top-down equity approaches 

alongside a broader evidence base to assess ‘fairness’ more completely under the Paris 

Agreement. 

 

 

 

 

 

Top-down equity-based 
allocations suggest a wide 
range for UK emissions 
reductions to 2030 – but 
generally suggest UK should 
be aiming to do more than the 
world as a whole.  

Using top-down allocations on 
their own does not capture all 
aspects of the Paris 
Agreement.  
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Figure B7.2 UK emissions reductions (2030) based 

on top-down equity principles and our  
proposed pathway 

 

Source: du Pont, Y.R. et al. (2016) National contributions for decarbonising the world economy in line with the 

G7 agreement. Environmental Research Letters, 11,5, 054005; CCC analysis. 

Notes: Allocations use a subset of global emissions pathways considered by IPCC-SR15, which have per capita 

emissions reductions slightly lower than the median of the full set of pathways but well within their range. 

Reductions are for all GHGs and expressed as a percentage of 1990 levels of emissions. The proposed Balanced 

Net Zero Pathway for the UK is added here in purple. 
 

 

b) Comparing with global pathways 
 

This sub-section compares the Committee’s recommended Balanced Net Zero 

Pathway for the UK against key metrics of global transitions expected to keep 

warming to the long-term temperature goal of the Paris Agreement according to 

the IPCC. We consider first aggregate metrics (e.g. for emissions), and then timings 

and scale of required actions (e.g. timing of the switch-over to key low-carbon 

technologies).  

 

i) Comparison on economy-wide emissions  
 

Delivering the Balanced Pathway to the Sixth Carbon Budget would, on a per 

person basis, see the UK catching and then surpassing global pathways expected 

to result in keeping warming to 1.5°C above preindustrial levels (Figure 7.2).  

Table 7.1 summarises several headline comparisons between the Balanced Net 

Zero Pathway for the UK and those required globally*:  

 

 
*   In this section we compare with the range of modelled scenarios assessed by the IPCC in the 2018 Special Report on 

Global Warming of 1.5°C. These scenarios allocate effort amongst regions, gases and sectors to minimise the 

modelled global cost of the transition.  
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• Date of Net Zero. The UK has legislated an earlier date to reach Net Zero 

than required for the world to keep warming to below 1.5°C (with ~50% 

probability). It is around two decades ahead for aggregated GHG 

emissions, and the scenarios in this report imply it would be around five 

years earlier for CO2.*  

• Emissions reductions to 2030. The IPCC identified pathways with no or 

limited overshoot of 1.5°C as requiring global aggregated GHG emissions to 

fall by around 45% from 2010 to 2030. The UK scenarios in this report see 

GHG emissions fall by around 55% in the same period. A smaller 

percentage reduction in UK emissions over 2020 - 2030 than required for the 

world as a whole reflects a significantly higher level of per person emissions 

in the UK than for the global average in 2010.  

• Emissions per person. Our Balanced Net Zero Pathway implies aggregated 

GHG emissions per person of around 2.7 tCO2e per person in 2035 (the 

central year of the Sixth Carbon Budget period), consistent with the global 

average level in pathways expected to keep warming to 1.5°C. Per person 

emissions are generally higher in the UK Balanced Net Zero Pathway than in 

the 1.5°C consistent pathways prior to this date and lower afterwards.  

• Cumulative emissions. The UK’s cumulative emissions of CO2 and long-lived 

GHGs from now to 2050 would be below the global per person averages 

for pathways limiting temperature rise to well below 2°C, but above those 

for 1.5°C (although just within the scenario range for each).† This in part 

reflects the UK’s higher per person emissions today, particularly for CO2 

emissions. Important sources of emissions reductions for the world over the 

next decade under 1.5°C-aligned scenarios have already been deployed 

in the UK (e.g. closure of coal-based power generation) or are not 

geographically applicable (e.g. ending deforestation), with continued 

reductions in UK per person emissions depending on emissions reductions 

from sectors that have not yet seen emissions declines (e.g. transport and 

buildings), with an inevitable lag for policy actions taken immediately to 

feed through the capital stock and result in significant emissions reductions.  

 

These high-level metrics demonstrate that the domestic emissions outcomes from 

the Balanced Net Zero Pathway are broadly aligned to global pathways for the 

Paris Agreement, including the 1.5°C goal. Any slower reductions to 2035 would 

bring into question whether the UK could be credibly considered to be pursuing 

efforts to limit warming to 1.5°C, given that the UK is expected to have higher per 

person emissions than the global average under 1.5°C consistent scenarios prior to 

this date. The Balanced Net Zero Pathway should be considered as the minimum 

level of ambition for the transition to Net Zero. Where opportunities to reduce 

emissions further (e.g. as considered in our Tailwinds scenario) are uncovered, 

these should be pursued. 

 

 

 

 
*   Some global scenarios keeping warming to below 1.5°C do not reach Net Zero GHG emissions by 2100, nor do the 

majority keeping warming well-below 2°C.  

†   In this report we interpret ‘well-below’ 2°C in the Paris Agreement long-term temperature goal as bounded on the 

high at least a 66% probability of keeping peak warming below 2°C, consistent with our interpretation in the 2019 

Net Zero report. 

Our proposed Sixth Carbon 
Budget would see the UK have 
similar per person emissions as 
required from the world as a 
whole to keep warming to 
below 1.5°C. 

Slower UK emissions reductions 
would bring into question 
whether the UK was being 
sufficiently ambitious.  
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Table 7.1  
Economy-wide emissions comparisons between the Balanced Net Zero Pathway and global scenarios consistent with 

the Paris Agreement 

 UK – 

Balanced Net 

Zero Pathway 

Global average - 

~50% 1.5°C 

Global average - 

>66% 2°C 

Cumulative CO2 emissions (2020 – 2050)  
[tCO2/person] 

64 47 (21 - 66) 73 (54 - 96) 

Cumulative long-lived GHG emissions (2020 – 2050) 
[tCO2e/person] 

71 54 (28 - 73) 81 (60 - 104) 

Rate of CH4 emissions (2050) [tCO2e/person/yr] 
 

0.5 0.6 (0.3 – 0.9) 0.7 (0.5 – 1.3) 

Aggregated GHG emissions (2030) [tCO2e/person/yr] 
 

4.5 3.5 (2.5 – 4.4) 4.8 (3.2 – 7.5) 

Aggregated GHG emissions (2035) 
[tCO2e/person/yr] 

2.7 2.6 (1.5 – 3.7) 4.0 (2.6 – 5.9) 

% reduction from 1990 (2030) 
 

64% 25% (8% - 45%) -2% (-57% - 31%) 

% reduction from 2010 (2030) 
 

54% 45% (33% - 60%) 25% (-15% - 50%) 

% reduction from 2020 (2030) 
 

36% 46% (31% – 63%) 33% (-1% - 49%) 

Date of Net Zero CO2 emissions 

 
2044 2050 (2037 -2082) 2074 (2050 -2100+) 

Date of Net Zero long-lived GHG emissions 2045 2059 (2039 – 

2100+) 

2100+ (2055 – 

2100+) 

Date of Net Zero aggregated GHG emissions 

 
2050 2071 (2048 -2100+) 2100+ (2079 -2100+) 

 
Source: CCC analysis, Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 8 (12), 1027. 

Notes: Cumulative emissions per person over the 2020 – 2050 period are evaluated using expected 2050 population sizes. GHG emissions are 

aggregated using GWP100 values from the IPCC 5th Assessment Report (with climate-carbon feedbacks). Long-lived GHG emissions here include carbon 

dioxide and nitrous oxide.   
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Figure 7.2 Global emissions pathways (per person) 
consistent with the Paris Agreement 

 

Source: CCC analysis. Huppmann, D, et.al. (2018) A new scenario resource for integrated 1.50C research. Nature 

Climate Change, 8 (12), 1027; Olivier, J. & Peters, J. (2019) Trends in global CO2 and total greenhouse gas emissions. 

Notes: Aggregation of greenhouse gas emissions is done using the global warming potential metric at time horizon 

of 100 years. Values from the IPCC 5th Assessment report (with climate-carbon feedbacks) are used. Minimum and 

maximum ranges are used across the global emissions scenario categories used by the IPCC Special Report on 

Global Warming of 1.50C. These figures do not include the uncertain of COVID-19 on 2020 emissions. 
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ii) Comparison on deployment rates 
 

The Balanced Net Zero Pathway would see the UK taking actions earlier than 

required for the global average in pathways expected to keep warming to below 

1.5°C (Table 7.2).  

• Power sector: Power sector decarbonisation under the Balanced Net Zero 

Pathway would be well advanced by 2030 with renewable sources the 

cheapest form of new power generation in the UK. This would keep the UK 

ahead of a global transition aligned to 1.5°C on all power sector metrics.  

• Decarbonising household heating and transport: Decarbonisation options in 

these sectors are now starting to be available at scale with low or no 

additional cost. The UK has high per person emissions in these sectors 

compared to the global average highlighting the importance of the UK 

pushing ahead with deploying low-carbon options more rapidly.  

– Close to half of the UK fleet of passenger vehicles could be electric 

(both battery and plug-in hybrid) by 2030, considerably more than in 

the global average and consistent with that expected from 

developed regions such as the EU (40-55%) as part of the global 

scenarios.  

– UK heat pump installations would reach over one million a year by 

2030 under the Balanced Pathway. This would be 1.7% of the global 

total installations consistent with a scenario keeping warming ‘well-

below’ 2°C and 1.4% for a scenario expected to keep warming to 

1.5°C.  

• Deeper decarbonisation options: The Balanced Net Zero Pathway would 

see the UK deploy deeper decarbonisation options (e.g. carbon capture 

and storage (CCS), low-carbon hydrogen, and engineered greenhouse 

gas removals) at-scale ahead of the global average. These aspects of the 

decarbonisation challenge currently continue to have some costs relative 

to high carbon alternatives but are expected to be significant for the 

global effort to keep to the Paris Agreement, particularly after 2030 (section 

3).  

 

Moving ahead of the global average in the deployment of these options does not 

mean that this imposes an additional burden on the UK. Our analysis throughout 

this report suggests that many aspects of this transition will be cost saving and have 

additional co-benefits associated with them. The overall impact on UK GDP could 

be very limited or an overall boost to the UK economy (Chapter 5).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our Balanced Pathway would 
see the UK decarbonising its 
economy more rapidly than 
for the world in 1.5°C 
scenarios.  

Progress in developing and 
deploying deeper 
decarbonisation options in the 
UK could be a critical 
contribution to achieving the 
Paris Agreement.  

Moving faster than the world 
as whole does not mean this 
would be a burden on the UK.     
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Table 7.2 
Comparison of the UK decarbonisation actions with global average pathways 

 UK - Balanced Net 

Zero Pathway 

Global average - 

~50% 1.5°C 

Global average - 

>66% 2°C 

Coal % of electricity generation – 2030 

 
0% (from 2024) 8%1 13%1 

Low-carbon % of generation - 20301 

 
87% 72%1 67%1 

EV % of fleet - 2030  
 

43% 20 - 40%2 13%3 

EV % of sales – 2030 

 
97% 52%3 40%3 

CCS per capita - 2030 (tCO2/person/yr) 
 

0.32 0.251 0.11 

Heat pump installation rate - 2030 (heat 
pumps/thousand people/yr) 

15.3 8.83 7.73 

Low-carbon hydrogen production - 2030 (kg / 
person /yr) 

10.7 - 0.93 

Engineered removals per capita - 2030 
(tCO2/person/yr) 

0.07 0.041 0.011  

 
Source: CCC analysis; 1Huppmann, D. et al. (2018) A new scenario resource for integrated 1.5°C research. Nature Climate Change, 8 (12), 1027; 2Climate 

Action Tracker Initiative (2020) Paris Agreement Compatible Sectoral Benchmarks; 3IEA (2020) World Energy Outlook 2020 

Notes: Electric car fleet figures here include plug-in hybrids. For Europe as a whole, the Climate Action Tracker analysis suggests a benchmark of 40 – 

55%. Median figures are used for the IPCC-SR1.5 pathways, with a wide range around these medians across the scenario ensemble. CCS is often used 

extensively within IPCC-SR1.5 pathways and to greater extents than in other global pathways (e.g. those from the IEA).  
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c) Comparing ambition to international commitments  
 

Our proposed Balanced Net Zero Pathway would place the UK in line with the most 

ambitious current and expected commitments for 2030 from other similar countries 

also targeting Net Zero by 2050 (Table 7.3): 

• Emissions targets for the UK set on the Balanced Net Zero Pathway would 

put the UK ahead of existing targets from other similar large European 

countries and ambitious US states, both in terms of progress reducing 

emissions since the base year (1990) and in percentage reductions from 

2018 levels. 

• As part of the wider EU package to increase NDC ambition, countries such 

as France and Germany may be required to set more stringent targets than 

current ones. Any increase in ambition from these countries is still to be 

determined, but an additional 15% increase in 2030 targets (consistent with 

the proposed EU-wide increase in ambition) would still leave the UK with 

highly competitive emissions reduction targets across a set of metrics and 

well placed amongst a group of ambitious countries.   

 

We also estimate that our proposed UK NDC, based on the Balanced Net Zero 

Pathway, is at least as ambitious, than would have been required from the UK as a 

contribution to the proposed strengthened EU NDC (a 55% reduction from 1990 

levels – increased from a 40% reduction currently) if the EU were to use a similar 

approach to allocating this effort to member states as under the previous target 

(Box 7.3).  

 

Table 7.3 
Comparison to existing and proposed international targets for 2030 

What would have 
 % reduction vs 

1990 levels  

% reduction vs 

2018 levels 

Emissions per person 

(tCO2e per capita)  

Emissions per unit 

GDP (tCO2e per $m) 

European Union (proposed) 55% 39% 6.0 110 

France (current)  40%  27% 5.1 110 

Germany (current)  55%  34% 7.1 140 

France (+15%) 55% 45% 3.8 80 

Germany (+15%) 70% 56% 4.7 90 

California 40% 39% 5.9  - 

New York State 40% 31% 7.1  - 

UK – Balanced Net Zero 
Pathway 

68% 44% 3.9 80 

 
Source: CCC analysis; UNFCCC GHG inventories; OECD (2018) GDP long-term forecast (indicator); World Bank Population Projections. 

Notes: Emissions are aggregated using IPCC-AR5 global warming potential (100-year time horizon) values – including carbon-climate feedbacks – to aid 

comparability to the Balanced Net Zero Pathway. For New York State the second column evaluates emissions reduction relative to 2016. The most recent 

year of GHG inventory data. LULUCF and IAS emission are removed from the Balanced Net Zero Pathway to aid comparison with other targets excluding 

these emissions sources – these are also excluded from the EU target for the purposes of this table. Population projections are taken from World Bank 

Projections and GDP projections from OECD long-term forecast.  
 

 

 

 

Our Balanced Pathway is at 
least as ambitious as what 
would have been needed 
from the UK as an EU member 
state.  

Our Balanced Pathway would 
leave the UK with highly 
competitive targets 
internationally. 
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Box 7.3:  
What would have been the UK’s share of the EU 55% reduction target? 

The European Commission has recently proposed to update the EU’s NDC for 2030 to a 

55% reduction relative to 1990 levels, from the current 40% reduction.* This now needs to 

be agreed amongst the member states at the European Council, and then new targets 

for the EU Emissions Trading System (EU-ETS) and individual member states in the non-ETS 

and LULUCF sectors agreed to achieve it. Based on the previous methodology for the 

2030 target it is possible to estimate what might have been the UK’s share if it was still an 

EU member state: 

• ETS sectors are expected to have to decline by between 58-65% in modelling to 
achieve the EU wide goals.3 Assuming a similar UK share of the ETS cap as in the advice 
on the Fifth Carbon Budget then UK ‘traded sector’ emissions would have to fall to 
between 80 - 91 MtCO2e/yr by 2030.

• Non-ETS sectors have been allocated to member states in the past based on relative 
differences in average GDP per person. For the proposed 55% EU reduction the 
member state allocations are yet to be determined, but allocation based on a similar 
methodology to the current 2030 target would suggest a UK reduction in the region of 
53 - 62% below 2005 levels, depending on the range of possible contributions from non-

ETS sectors to the overall target. A more complex allocation mechanism may be 
required for the non-ETS sectors for the strengthened 2030 target to effectively capture 
differences in cost effective abatement options between member states in non-ETS 
sectors.

• Land-use, land-use change and forestry (LULUCF) emissions have only been included 
within the current EU 2030 package based on a ‘no-debt’ rule to date. The EU 
Commission has now proposed to include fully LULUCF within the accounting for the 
revised 55% target. 

Overall, we estimate that the UK’s share would have been around a 65 - 69% reduction, 

excluding emissions from international aviation and shipping (but including LULUCF 

emissions) if it was still an EU member state.  

While the Balanced Pathway requires the UK to go further and faster in the low-

carbon transition, it is not out of step with the pace and scale of change expected 

in other comparable economies considering their own pathways to Net Zero by 

2050. 

• Phase out of the sale of high-carbon assets. Ending petrol and diesel car

sales by the mid-2030s has been committed to by many Governments.

Many European countries have committed to this by 2030, including

Denmark, Ireland, the Netherlands and now the UK, with Norway having

the most ambitious date of 2025.4 California has made a recent

commitment to achieve this by 2035. European countries are also starting

to propose the phase outs of fossil fuel heating systems. The Netherlands is

developing legislation to ensure new homes are no longer connected to

the gas grid ahead of the 2025 phase out date shared by Ireland’s and the

UK’s current Future Homes Standard.

• Scale up deployment of low-carbon technology. Other countries are also

planning for high penetration of renewable electricity generation by 2030.

Germany is expected to achieve a 65% renewable share, similar to the UK

under the Balanced Net Zero Pathway, with higher shares anticipated in

other European countries such as Spain (74%) and the Netherlands (70%).5

Proposals for deeper decarbonisation in other countries are also being

developed.

* Several scopes for this target have been proposed in the Commissions impact assessment including with and without 

emissions from international aviation and navigation (shipping). 

Other countries are also 
making or considering similarly 
ambitious actions to deliver 
their own decarbonisation 
targets.  
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By 2030, significant electrolyser capacity (for hydrogen production) is being 

planned for in both France and Germany (5 GW and 6.5 GW respectively) 

and the European Commission has recently released a new hydrogen 

strategy aiming to reach 40 GW of electrolyser capacity across the EU.6 

Norway has committed to developing a full-scale carbon capture and 

storage supply chain with capacity of up to 5 MtCO2 per year, which would 

be just under half of what the UK would be expected to deliver under the 

Balanced Net Zero Pathway by 2030.  

 

The Balanced Net Zero Pathway, and an NDC based on it, would leave the UK 

well-placed to support raising international ambition as the host of COP26 and 

President of the G7. The UK would not be doing this alone. Other countries and 

regions are committing to similarly ambitious transitions over the next decade, 

highlighting the growing international momentum behind delivering the scale and 

speed of transition outlined in our scenarios. Adopting lower ambition for 2030 

would limit the UK’s ability to credibly call for the raising of ambition to the level 

required globally, and risk being left behind by similar economies, missing out on 

the clean growth opportunities that the transition is expected to bring.  

 

  

Ambition at the level of our 
Balanced Pathway will be 
necessary for the UK to support 
the global effort as host of the 
international negotiations in 
2021.   
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3. Supporting global efforts to reduce emissions  

In this section we look at what would be needed from the rest of the world to 

deliver on the overall ambition of the Paris Agreement and how the UK can 

support this. If other developed countries adopted pathways with similar ambition 

and developing countries followed rapidly soon after, then the global temperature 

rise can be limited to well below 2°C. Achieving a 1.5°C temperature goal will likely 

need maximum ambition in every sector and every region. It will be important that 

large emerging economies with most capability contribute significant ambition. 

The proposed UK ambition within the Balanced Net Zero Pathway should 

encourage this and will be expected of the UK with its role as COP26 President.  

 

There are two subsections: 

a) A global pathway to deliver on the Paris Agreement 

b) UK action to support the global effort  

 

a) A global pathway to deliver on the Paris Agreement  
 

This subsection lays out the key aspects of the global transition to achieve the Paris 

Agreement. There are three parts to it: 

i) Introducing ‘leadership’ to Paris-aligned global pathways 

ii) Key elements of the global decarbonisation transition  

iii) Additional efforts for pursuing 1.5°C 

 

i) Introducing ‘leadership’ to Paris-aligned global pathways 
 

Most pathways of a global transition expected to be consistent with the Paris 

Agreement use a cost-effective framework, meaning that modelled cost is the 

only factor used to allocate emissions reductions across regions, sectors and gases. 

We developed the concept of ‘leadership-driven’ pathways within our advice on 

setting a Net Zero target for the UK in 2019, which aim to build-in aspects of other 

important factors (e.g. obligations for developed country leadership) into the 

scenario. We commissioned Vivid Economics and UCL to further develop this 

framework for this report.7 These scenarios contained three groups of regions, 

broadly aligned to the principles of the Paris Agreement (Figure 7.3): 

• Developed regions take the lead in deploying the solutions that are 

necessary to reduce emissions globally and reach Net Zero emissions first. In 

accordance with many emerging commitments, these regions achieve or 

go beyond Net Zero CO2 emissions by 2050. Near-term emissions reductions 

are made consistent with achieving these 2050 objectives and keeping 

warming to the Paris Agreement long-term temperature goal.  

• Large industrial economies, which includes China, represent a large 

fraction of future cumulative CO2 emissions and will be very important for 

the future global emissions trajectory. Keeping warming to the long-term 

temperature goal of the Paris Agreement requires that they peak their 

emissions very soon (significantly improving on their current NDCs) and 

reduce them rapidly in the next two decades to reach Net Zero CO2 

emissions around 2050 - 2070.  

We consider what needs to 
happen globally to achieve 
the Paris Agreement to identify 
how the UK can support this.   

We build in aspects of 
leadership from developed 
countries into our modelled 
pathways of the global effort.        
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• Developing regions 'leapfrog' to low-carbon development paths. Emissions 

remain low on a per capita basis, but do not need to reach Net Zero CO2 

until around 2070, and some may not reach Net Zero before 2100. 

Opportunities for low-cost emissions reduction are taken within these 

regions, in line with the requirement for highest possible ambition. Some 

more expensive options are also required in developing nations, but these 

tend to happen after earlier deployment in developed nations and could 

be supported (in part) by mechanisms such as climate finance and 

emissions trading. 

 

This hybrid scenario represents a plausible global transition pathway towards the 

long-term temperature goal of the Paris Agreement. At a global level, this scenario 

would see CO2 emissions rapidly fall from 2020 to reach close to Net Zero by 2060 

(Figure 7.4) with rapid and deep reduction in non-CO2 emissions alongside. This 

would be expected to keep warming to the 1.5°C to 2°C corridor of the Paris 

Agreement long-term temperature goal (Chapter 8).*  

 

Figure 7.3 Modelled regional per person CO2  

emissions in a ‘leadership-driven’ scenario 
consistent with the Paris Agreement 

 

Source: Vivid Economics (2020) Unpacking leadership-driven scenarios towards the Paris Agreement; CCC analysis. 

Notes: The UK trajectory is the Balanced Net Zero Pathway with all other regions taken from modelling with TIAM 

integrated assessment model. Only CO2 emissions are shown in this figure. The large sink of emissions for the 

‘Central and South America’ region is associated with a modelled transition to a large land sink in that region. 

 

 

 

 

 
*   Within the model a constraint is applied to keep global cumulative emissions to the remaining carbon budgets for a 

50% probability of keeping warming to below 1.75°C from IPCC-SR1.5, we explore the range of climate outcomes 

consistent with this global emissions pathway in Chapter 8.  
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ii) Key elements of the global decarbonisation transition 
 

The cumulative nature of how long-lived GHGs (such as CO2) impact the climate 

(Chapter 8) means global emissions must be aligned to Paris-consistent pathways 

over the full time period to Net Zero. It is not enough just to aim to reach Net Zero 

by or soon after 2050 without consistent effort in the near-term.  

 

Figure 7.4 Global CO2  emissions in a  

‘leadership-driven’ Paris Agreement scenario  
and under current global ambition 

 

Source: Vivid Economics (2020) Unpacking leadership-driven scenarios towards the Paris Agreement. 

Notes: Current global ambition is modelled through constraints requiring regional emissions to match those from 

current NDCs in 2030 followed by further improvements in the overall emissions intensity of the economy after 2030 

consistent with the improvement over 2020-2030 needed to meet current NDC targets. Pledged targets for Net 

Zero are not included. 

 

Delivering the necessary near-term emissions reduction for this Paris-aligned global 

transition would require a rapid scaling up of action across the global economy 

over the next decade. Key wedges of abatement are expected to come from 

rapid reductions in coal-fired electricity generation, expansion of electricity systems 

in a low-carbon way, the rapid roll-out of electric vehicles, efficiency in building 

and industry, and a reduction in deforestation to reduce global land-use emissions 

(Box 7.4).  

 

 

 

 

 

 

Global near-term emissions 
reductions are essential. Only 
reaching Net Zero on time 
without near-term action isn’t 
enough to deliver on the Paris 
Agreement.  

A very rapid scaling-up of 
global ambition, particularly in 
the power sector, will be 
needed over the next 
decade.  
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Box 7.4 
Key wedges of increased global ambition over the 2020s.  

Despite a wide range of modelled pathways to achieve the Paris Agreement, most share 

common features for key changes required over the coming decade:  

 

• Rapid and large reductions in electricity from unabated coal. Electricity generation 

from coal drops by around 55% – 65% over 2020 – 2030 for global scenarios that keep 
warming to 1.5°C and ‘well-below’ 2°C respectively.8 However, only 16% of global 

installed capacity is expected to shut down by 2030 under normal economic coal 

plant lifetimes.9 Significantly accelerated retirement (or retrofitting with CCS) of existing 

plants will be needed, as well as current pipelines of unabated new coal power to not 
go ahead. Low-cost renewables are now starting to undercut the cost of electricity 

generation from existing coal plant, but significant additional barriers remain to 

reducing existing coal capacity particularly in regions of the world with very young 

coal fleets.10 Finding ways to rapidly switch away from coal electricity generation is 

the single biggest contribution to reductions in global cumulative emissions.    

• Low-carbon sources meet the need for increased power system capacity. Global 
demand for electricity grows by around 15% over 2020 – 2030 in typical modelled 

pathways consistent with keeping warming to 1.5°C.11 This is lower than the rate in 

current policy scenarios due to the important role of end-use efficiency to limit energy 

demand growth.12 The large majority of this demand growth will be in developing 
countries as living standards rise. This increasing overall demand needs to be met by 

low-carbon sources as well as compensating for the electricity generation from early 

retirements of coal power. Falls in the costs of renewable electricity has helped make 

this transition more feasible than was env isaged only a few years ago, The lowest-cost 
sources of renewables are as cheap as, or cheaper than, new fossil-fuel alternatives in 

countries containing around two-thirds of the world’s population according to recent 

analysis (based on fossil fuel prices in 2019).13  

• Accelerated uptake of electric vehicles (EVs). Keeping road transport emissions low 

whilst global mobility rises will require a large increase in the fraction of car sales that 

are electric alongside the rapidly decarbonising and expanding global electricity 
systems. Over 40% of global passenger vehicle sales by 2030 would likely have to be 

EVs, rising from just 2% today, under Paris-aligned pathways according to the IEA. The 

emerging cost-competitiveness of EVs with internal combustion engine-driven cars 

due to falling battery costs will help provide momentum to this transition.  

• Reducing deforestation and better management of land. Currently CO2 emissions from 

land-use change and forestry are about 13% of the total global GHG emissions, arising 
primarily from tropical deforestation of very high carbon content land. Most global 

pathways consistent with the long-term temperature goal of the Paris Agreement 

transform this net source of emissions into a net sink over the next few decades. 

Reduced rates of deforestation can make a large contribution to this, and if 
implemented in ways that are mindful of other uses of land and barriers to action, can 

contribute to wider sustainable development goals.14   

The reducing costs of low-carbon technologies and wider alignment with sustainable 

development objectives indicate that a rapid scaling-up of global decarbonisation 

action this decade could be possible and desirable. The required pace of change will 

require a large and rapid shift in global investment patterns to make it happen.  

 

 

The key technologies to enable this rapid transition over the next decade are now 

largely widely available with little or no additional cost over a high carbon 

alternative, due to rapid falls in costs over the past decade.15 Some additional 

investment is required, but most importantly a shift is needed in the pattern of 

investment away from unabated fossil fuel power and towards low-carbon 

technologies.16  

 

 

 

 

1331  



337 Sixth Carbon Budget – The path to Net Zero 

From 2030-onwards, global deployment of additional deeper decarbonisation 

technologies will be needed to maintain global emissions reductions and move 

towards Net Zero emissions globally:  

• Expansion of low-carbon electricity systems enables electrification to 

decarbonise much of end-sectors such as transport, buildings and industrial 

processes.  

• A global hydrogen economy is likely to be required to decarbonise areas 

where electrification may be challenging (e.g. some parts of industry, long-

distance heavy goods vehicles) and to provide flexibility in high variable 

renewable power systems.  

• Carbon capture and storage (CCS) is required to deal with process 

emissions in industry and enables at-scale active removal of CO2 from the 

air (e.g. biomass energy with carbon capture and storage – BECCS - or 

direct air capture), a necessary feature of most pathways that reach 

global Net Zero CO2 emissions.  

 

Many of these technologies are available at protype or demonstration stage 

today but have not yet been deployed at significant scale. Our modelled global 

‘leadership’ transition involves a higher and earlier concentrations of these ‘harder’ 

decarbonisation actions in the developed regions of the world. Early actions over 

the 2020s by developed regions, consistent with their responsibilities under the Paris 

Agreement, are likely to have an important role in driving forward the necessary 

developments and cost reductions to make subsequent global deployment more 

possible. 

 

Progress is currently being made on many of these fronts, for example:  

• The heat pump installation market is rapidly expanding in Europe, with 

around a 12% annual average growth since 2015 with Scandinavian 

countries having some highest penetration rates.17  

• Announced plans for low-carbon hydrogen production indicate that global 

production would quadruple by 2023. Several large European countries 

have announced plans to scale-up hydrogen use, along with the European 

Union.18  

• The first large-scale (1 MtCO2/yr) direct air capture plant could be 

operational in the USA by 2023. The UK has plans to deploy large-scale 

carbon removal through BECCS over the 2020s and beyond.19  

Our Balanced Net Zero Pathway aims to ensure that the UK helps to drive forward 

developments in these key technologies over the 2020s. Slower deployment of 

these technologies than in our Balanced Net Zero Pathway would risk undermining 

the plausibility of the necessary post-2030 global transition to keep warming to the 

long-term temperature goal of the Paris Agreement.  

 

  

Deeper decarbonisation 
technologies will be needed 
at global scale, particularly 
after 2030.  

Action by developed countries 
over the 2020s will be 
important for enabling this 
rapid global roll-out of new 
decarbonisation technologies 
from 2030 onwards.  
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iii) Additional efforts for pursuing 1.5°C 
 

Keeping peak warming to below 1.5°C will likely require additional ambition 

beyond the ‘leadership-driven’ scenario outlined previously.* This would require 

global Net Zero CO2 to be reached earlier (around 2050) and more rapid global 

emissions reductions on the path to Net Zero. 

 

In models able to simulate this level of ambition there are two key aspects to this 

additional ambition:  

• All regions reach Net Zero CO2 emissions around 2050. Published scenarios 

capable of achieving this level of additional ambition generally show all 

regions converging to reach Net Zero CO2 emissions around 2050, with very 

little variation between them.  

• Significantly increased global ambition prior to 2030. Significant extra 

ambition in the global power sector is likely to be necessary to achieve this. 

According to the IEA World Energy Outlook 2020, global power sector CO2 

emissions would need to fall by 60% over 2019 – 2030, with power 

generation from unabated coal essentially ended by this date. Around half 

of new car sales globally would need to be electric by 2030 relative to 

around 40% in below 2°C scenarios. The switch to low-carbon fuels in global 

industry is likely to need to have made significant progress by 2030. 

Changes on the demand-side are also key. 

 

Further accelerations in domestic emissions reductions by developed regions 

beyond the levels in this scenario can only play a marginal role in delivering this 

additional ambition need for a fully 1.5°C aligned transition, due to the declining 

share of emissions they will comprise, although additional opportunities to reduce 

their emissions should be taken where they become feasible.† For this ambition to 

be realised it will be essential for all mitigation actions to proceed immediately in 

all global regions with no significant space for differing dates of deployment across 

the world. Developed regions will need to provide additional support for this 

required global increase in effort.  

 

  

 

 
*   Significant net negative global CO2 emissions after reaching global Net Zero could help decline global warming 

back to 1.5°C after peaking at higher levels but would not significantly affect the level of peak warming reached.  

†   Only around 25% of cumulative CO2 emissions come from developed regions in our simulated Paris Agreement 

scenario over 2020 – 2050.  

Fully aligning the global effort 
with 1.5°C allows very little 
space for different speeds of 
reduction in different regions.   

Even faster emissions 
reductions in developed 
regions could only play a 
limited role in the additional 
global ambition needed for 
1.5C, but their support of the 
global effort will be essential.        
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b) UK action to support the global effort 
 

i) The need for additional global ambition 
 

Significant new Net Zero pledges from large emitters (Box 7.5) are, if delivered, 

starting to align global mid-century ambition with that needed to halt global 

warming in time to deliver on the Paris Agreement. However, the expected level of 

global emissions in 2030 remains significantly above those consistent with pathways 

expected to keep warming to the long-term temperature goal of the Paris 

Agreement (Figure 7.5). To date only 15 Parties (4.6% of global emissions) have 

submitted revised NDCs for 2030 with only 33 additional countries committed to 

updating their NDC by 2020.20 Many countries, including most of the big emitters 

are now not expected to revise their NDC by the 2020 deadline set under the 

UNFCCC with many now expected in 2021.  

 

Figure 7.5 Global greenhouse emissions in 2030 
compared to Paris Agreement-aligned scenarios 

 

Source: Climate Action Tracker (2020) CAT Emissions Gaps: September 2020 update; United Nations Environment 

Programme (2019) Emissions Gap Report 2019; Huppmann, D. et.al. (2018) A new scenario resource for integrated 

1.50C research. Nature Climate Change, 9 (12), 1027. 

Notes: Assessment of the ‘No-policy baseline’ from UNEP Emissions Gap Report 2019. ‘Current policies’ and 

‘Submitted NDCs’ are from the Climate Action Tracker. Aggregated 2030 emissions levels for Paris Agreement 

compatible scenarios are from the IPCC-SR15 >66% 20C and >50% 1.50C low or no overshoot categories. GWP 100 

values from the IPCC 4th Assessment Report are used to aggregate gases. 

 

 

 

 

 

 

 

Expected global emissions for 
2030 remain above those 
consistent with pathways 
keeping to the Paris 
Agreement.          
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Box 7.5  
New Net Zero commitments and 2030 ambition in high emitting regions  

Closing the gap between current trajectories and those expected to achieve the Paris 

Agreement will require increased ambition across the world, but particularly so in the 

large emitters. G20 countries make up 78% of global GHG emissions, with around half of 

global emissions coming from the largest four emitters (China, USA, EU and India).  

 

There has been developing ambition across several large emitters over the last year:  

 

• China (25% of global emissions) has recently announced that it intends to reach 

carbon-neutrality by 2060 as well as committing to enhancing its 2030 ambition. Given 
the size of China’s emissions, achieving its carbon-neutrality aim would be expected 

to reduce global temperatures by 0.2 - 0.3°C.21 However, what China does in the next 

10-15 years matters hugely given the scale of Chinese emissions. China’s response to 

the pandemic to date has seen emissions rebound beyond pre-COVID-19 levels and a 

large increase in permitting for new coal fired power plants.22  

• USA (12.5% of global emissions) The incoming Democrat administration has an 
ambition to ‘put the United States on an irreversible path to achieve Net Zero 

emissions, economy-wide, by no later than 2050’, and is also expected to re-join the 

Paris Agreement. There has not yet been a proposed new NDC target for 2030, but 

the incoming administration has also expressed an ambition to achieve carbon-free 

power by 2035 (power sector emissions were 27% of US GHG emissions in 2018).23 

• The European Union (8% of global emissions) is currently considering raising its NDC 
ambition to a 55% reduction (relative to 1990 levels) from the current 40% 

commitment. The EU Commission has also proposed a new climate law and European 

Green Deal framework to help achieve it and to give the 2050 Net Zero objective 

legal status. The European Green Deal framework includes a substantial international 
facing component, including a proposed carbon border tax to help increase 

international ambition in trade-exposed sectors and prevent carbon leakage.  

• India (7% of global emissions) has not yet indicated that it will increase its 2030 NDC 

ambition. It remains on track to overachieve its NDC commitments but there is 

significant scope for this to become more ambitious. India is yet to announce a Net 

Zero target. 

• Japan (3% of global emissions) has recently pledged to become carbon neutral by 

2050, requiring the country to transition away from coal power which currently is a 
significant fraction (approximately one-third) of its electricity mix. Prior to the 

announcement of the 2050 carbon-neutrality target Japan had already resubmitted 

its 2030 NDC without increasing ambition from the levels pledged in 2015.  

• South Korea (1.3% of global emissions) has recently pledged to become carbon 

neutral by 2050 and has proposed a Green New Deal to invest in low -carbon 

infrastructure and shift away from coal power. The proposed Green New Deal also 

signals a planned end to the financing of coal power plants overseas. 

Including the USA, around 75% of global GDP is now covered by Net Zero targets for mid-

century and over 60% of global CO2 emissions.  

 

 
ii) Opportunities for UK action to help global effort  
 

We commissioned work from Vivid Economics and UCL to identify ways through 

which developed countries like the UK could support the necessary increases in 

global ambition to achieve the Paris Agreement. This independent piece of work is 

published alongside our Sixth Carbon Budget advice.24 A short summary of this 

report is provided in Box 7.6.  

 

 

There is growing momentum 
behind Net Zero targets for 
mid-century in the biggest 
emitting countries and regions, 
but only limited indications of 
plans to raise 2030 ambition.           
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Box 7.6  
Unpacking leadership-driven global pathways towards the Paris Agreement  

Research commissioned by the Committee to support its work on the Sixth Carbon 

Budget developed a categorisation of actions for how a developed country such as the 

UK can support the global effort to raise ambition: 

 

• Demonstrating Net Zero: Ambitious domestic emissions reductions can help develop 

technologies and bring their costs down.  

• Diplomatic influencing: Accelerating decarbonisation efforts around the world 

through formal and informal diplomatic channels, including multilaterally (e.g. through 

the UNFCCC) and bilaterally.  

• Trade measures: Implementing carbon pricing and/or product standards on imported 
products through trade deals could provide an incentive to accelerate the 

decarbonisation of global production processes.  

• Capacity building: Providing technical assistance to other countries to help develop 

their capacity and capability in introducing climate mitigation solutions.  

• Direct financial support: Financial transfers to directly fund the deployment of low and 

Net Zero carbon technology elsewhere in the world.  

• Action on overseas supply chains: Addressing the overseas emissions ‘embedded’ 

within global supply chains of products consumed by the UK.  

The most effective ways to assist global decarbonisation will vary across key ‘wedges’ of 

the global transition. For example, areas with more global interconnectedness will likely 

have a greater role for trade-related levers, while capacity building will be essential 

where there are large non-cost barriers to overcome.  

The report identified a wide range of actions that developed countries could take to 

support important parts of the global transition in a ‘leadership -driven’ scenario. These 
include capacity building to help enable the rapid shift to stable high variable 

renewable electricity systems in the developing world, coordinated trade measures by 

developed countries to develop large markets for low-carbon manufactured products 

and drive changes in production methods elsewhere in the world, and setting high 
standards for the global trade of biomass, carbon removals and offset credits to ensure 

that these deliver true benefits for the climate.  

For the UK specifically this report highlights opportunities in:  

• Coal phase out diplomacy. Rapidly ending power generation from coal is the single 
biggest contributor to aligning global trajectories with those expected to deliver on 

the Paris Agreement, requiring retirements in Asian countries with young coal fleets. 

The UK can help others learn from its own experience phasing out coal.  

• Building on UK experience to help offshore wind to play a large role in global low -

carbon power generation. 

• Leading the development of CCS and low-carbon hydrogen technologies given the 

UK’s access to geological carbon storage, expertise base, and offshore wind resource.  

• Leading on developing a Net Zero framework and pathway for aviation given the UK’s 

high per person aviation emissions.  

• Developing GHG removals incentives and sustainability standards. The UK is expected 

to be among the first countries to deploy key new technologies for greenhouse gas 

removal at large-scales, including bioenergy with carbon capture and storage 

(BECCS). 

• Green recovery and greening the UK financial sector. The UK is one of the leading 
providers of international climate finance to developing countries. The UK should use 

its position as a global financial sector with substantial cross-border investment to help 

drive financial sector reform to provide the necessary shift in private sector investment. 

These opportunities are not unique to the UK, but the UK could be well placed to 

significantly contribute to all of them.  

Source: Vivid Economics (2020) Unpacking leadership-driven global scenarios towards the Paris Agreement.  

 

There are several ways through 
which the UK could effectively 
contribute to raising global 
ambition.     
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The priority for the UK should be to focus on actions that will have the largest 

impact in the transition to a low-carbon economy globally, while at the same time 

being consistent with the achievement of sustainable development goals (SDGs) 

and building on the areas where it has particular advantages. The largest priority 

over the next year will be the UK’s responsibilities for hosting COP26 in Glasgow at 

the end of 2021 and at the same time holding the presidency of the G7 group of 

countries. 2021 will see Governments around the world produce economic 

recovery packages following COVID-19 induced recessions. If aligned to climate 

goals these can help stimulate some of the required investments needed to deliver 

the low-carbon transition this decade. The UK can put decarbonisation at the 

forefront of these recovery efforts in its role as lead for the UN’s global workstream 

on ensuring an inclusive and sustainable recovery, alongside its 2021 international 

presidencies. 

 

The Government should bring forward ambitious commitments for all aspects of 

the Paris Agreement as part of its strengthened commitments this year. This 

includes finance, technology transfer, capacity building and supporting efforts to 

adapt to current and future climate impacts around the world. This should involve 

putting in place much stronger climate adaptation planning, which has 

languished for the last decade, alongside its strengthened emissions reduction 

commitments. The UK has recently announced a doubling of its climate finance 

commitments over the coming five-year period. This funding should continue to be 

split between climate mitigation and climate adaption, as adapting to climate 

risks is significantly underfunded at a global level.25 The UK should encourage other 

large providers of climate finance to do the same.  

 

iii) Conclusions on the purchase of international carbon units  
 

The Paris Agreement allows countries and other bodies (e.g. private companies 

and international aviation) to collaborate to achieve the NDCs (Article 6). The rules 

on Article 6 have yet to be finalised – the UK will coordinate efforts aiming to 

establish a robust and credible centralised global carbon market and rules to 

avoid double counting of emissions reductions at COP26.  

 

The Committee does not recommend setting a Sixth Carbon Budget that either 

requires the purchase of international carbon units or allows for international 

carbon units to contribute to meeting the budget (Chapter 10). The Balanced Net 

Zero Pathway fully achieves our recommended budget through domestic actions.  

 

Using international carbon units in place of domestic action to meet the Balanced 

Pathway poses several risks including: 

• The UK has an internationally influential record of domestic emissions 

reductions. The usage of international carbon units to substitute for 

emissions reductions that could be achieved domestically could 

undermine this influence and legitimise other countries to weaken their 

commitments to domestic actions.  

• Usage of credits could impair the clarity of the sectoral actions required to 

meet the budget by suggesting possible flexibility in the need to deliver 

emissions reductions.  

• Substituting domestic effort with purchased emissions reductions from 

outside the UK could make it more difficult to achieve the necessary 

domestic transitions needed to reach Net Zero by 2050.  

 

 

Strong commitments across all 
aspects of the Paris 
Agreement will be necessary 
from the UK, including on 
supporting adapting to 
climate risks.      

Our Balanced Pathway can 
and should be met without the 
use of international emissions 
reduction credits.      

The UK’s role as host of the 
international negotiations in 
2021 will be the focus for its 
international climate policy 
next year.              
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Outside of use for compliance with the UK emissions targets, some use of credit 

purchase may be a useful part of the UK’s international climate policy in addition 

to domestic delivery of the Balanced Pathway. For many aspects of the global 

transition supporting the global effort with capacity building and climate finance 

would likely have more benefits for sustainable development and transformational 

change towards deeper decarbonisation than funding through global carbon 

markets. However, modelled leadership-driven scenarios achieving the Paris 

Agreement still involve a large amount of expensive effort (e.g. CCS and removals) 

in developing and middle-income countries. These are likely to need an ongoing 

income stream, which carbon markets and transfers of carbon units could help 

provide.  

 

Any credits purchased for this purpose must be robust and represent real and 

equitable action to effectively support the global effort to achieve the Paris 

Agreement. There should be clear evidence of additionality to emissions 

reductions that would be expected to be achieved otherwise, and they must fulfil 

sustainability criteria including at a minimum: resulting in no net harm, being fully 

compatible with sustainable development goals and avoiding detriment to local 

communities. This is particularly important for credits dependent on significant use 

of land or biomass. We outlined a set of principles for robust credit purchase in our 

2019 Net Zero report.  

 

  

Credit purchase outside of the 
UK’s emissions targets could be 
a way of supporting some 
parts of the global effort but 
would need strong robustness 
conditions.       
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4. Reducing the UK’s carbon footprint 

Under the UNFCCC and the Paris Agreement, emissions accounting is based on 

territorial emissions (the emissions produced within the territorial bounds of 

countries). This is the internationally agreed accounting methodology for NDCs 

and is aligned to who has sovereignty over the sources of emissions. Given the 

widespread acceptance of this accounting framework internationally it remains 

the right framework under which the UK should set legally binding targets, both for 

the domestic carbon budgets and for the UK’s NDC. An alternative perspective 

associates emissions caused during the production of goods and services with the 

country that is the final consumer of those goods and services independent of 

where in the world those emissions occurred. This is known as consumption-based 

accounting.  

 

The UK has a larger consumption emissions footprint than its territorial based 

account – as is the case with many developed countries. This section looks at 

actions the UK could take to help reduce overseas emissions associated with UK 

consumption as part of its efforts to help reduce global emissions.  

 

We conclude that the UK can and should aim to reduce its overseas consumption 

footprint as part of its contribution to reducing global emissions. A growing fraction 

of the UK’s consumption emissions footprint is now being covered by Net Zero 

commitments around the world and there are several levers available to the UK to 

help tackle its consumption emissions footprint to support its domestic efforts. Our 

analysis suggests it is credible for the UK to reduce its total consumption footprint by 

around 90% below 1990 levels if other countries follow pathways consistent with the 

Paris Agreement and we will track progress towards this goal.  

 

There are two subsections: 

a) The current composition of the UK consumption emissions footprint 

b) Levers for tackling UK consumption emissions  

 

a) The current composition of the UK’s consumption footprint  
 

In 2017, the most recent year for which estimates are available, the UK’s 

consumption emissions footprint was 772 MtCO2e, about 50% higher than its 

territorial emissions. 

 

54% of these consumption footprint emissions were produced in the UK and are 

therefore counted in the UK’s territorial account.  

• Of these UK produced consumption emissions, a significant fraction (34%) 

of these emissions occur directly from households – through driving of cars 

and the heating of homes (Figure 7.6). These are parts of the economy 

where emissions can be reduced to zero through a combination of 

technology and behavioural change as outlined in Chapter 3.  

• The other 66% of the UK-produced consumption emissions arise from other 

sectors of the UK economy that produce goods and services consumed in 

the UK. This will include emissions from electricity generation, some industrial 

products, food production, waste services and other transport services. All 

these sources are included within our territorial emissions scenarios. Most 

can be reduced to close to zero emissions by 2050, but some (e.g. parts of 

agriculture and aviation) will remain as positive emission sources.  

The UK accounts for emissions 
consistent with standard 
practices internationally.       

Alternative ‘consumption-
based’ accounting assigns 
more emissions to the UK.        

The UK can and should aim to 
reduce its overseas 
consumption emissions as part 
of helping global 
decarbonisation.        

Most of the UK’s consumption 
emissions occur in the UK.  
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46% of UK consumption emissions are ‘imported’ – occurring in production 

processes overseas to produce goods and services that meet UK final economic 

demand. This includes emissions from the supply chains of both imported final 

goods and services, and imports that are inputs to a domestic economic activity 

(e.g. steel imports for the UK car manufacturing industry):  

• Of these imported consumption emissions, 55% arise from the supply chains 

of goods and services that are imported into the UK as final products to 

directly meet UK final economic demand, for example manufactured cars 

produced abroad that are imported and then sold in the UK. Any emissions 

generated producing inputs for the production process outside of the UK 

are also included within this total.  

• 45% arise from the supply chains of imported products or components that 

are inputs to a domestic economic activity.  

 

Figure 7.6 Decomposition of UK consumption 
emissions in 2016 

 

Source: Defra (2019) The UK’s carbon footprint. 

Notes: 2016 data is used here as this edition of the dataset provides the required breakdown. No significant 

changes would be expected in 2017, the most recent year with consumptions emissions data available. 

 

Recent and expected Net Zero emissions commitments from the European Union, 

Japan, South Korea, the US and China means that around 76% of the UK’s carbon 

footprint (48% of imported emissions) is, or will soon be, covered by Net Zero targets 

around mid-century (Figure 7.7).  

 

 

 

Most of the UK’s imported 
consumption emissions will also 
be covered by Net Zero 
targets for mid-century.    
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In 2017 the UK consumption emissions footprint was 16% below 1990 levels. Over 

the same period, the monetary value of the UK’s total consumption of goods and 

services grew by around 80% in real terms. Between 1990 and 2006 the UK's 

consumption emissions footprint increased by around 6%, before the effects of the 

global financial crisis caused the UK's consumption emissions footprint to decline 

sharply over 2007-2009. Since 2009 it has steadily declined although at a slower 

rate than the UK's territorial emissions.  

 

Figure 7.7 Regional breakdown of the UK’s 

consumption emissions footprint for 2017 

 

Source: Defra (2020) The UK’s carbon footprint. 

Notes: Regions that have set a Net Zero target are shown as solid colours, with other regions shown with hatching. 

South Korea has a Net Zero target and falls within the other OECD region within these accounts. 

 
b) Levers for tackling UK consumption emissions  
As UK territorial emissions decline on the Balanced Net Zero Pathway the overseas 

emissions associated with UK consumption will become an ever more important 

part of the UK’s contribution to climate change. As a developed country, the UK 

should be aiming to help reduce these overseas consumption emissions as part of 

its efforts to support global emissions reductions. Action to help accelerate the 

reduction in consumption emissions can be gathered into several categories:  

• Reduce domestic territorial emissions to Net Zero along the Balanced Net 
Zero Pathway. The majority of the UK’s consumption footprint occurs within 

the UK. Achieving the required territorial reductions (in a way that doesn’t 

offshore these emissions) remains the single most important contribution to 

reducing the UK’s consumption emissions footprint overall.  

The UK consumption emissions 
footprint has declined, but not 
as fast as its territorial emissions.     

Consumers, companies and 
the Government all have 
levers which can help reduce 
imported consumption 
emissions.  
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Domestic decarbonisation also reduces the UK demand for imported fossil 

fuels – eliminating additional consumption emissions associated with their 

extraction and transport. Changes in consumption patterns needed in our 

scenarios to meet Net Zero territorially mean that there will be additional 

reductions in the UK’s consumption emissions footprint. This would be further 

enhanced with a policy approach that will tend to lower the carbon-

intensity of imported goods and provide a level playing field to domestic 

low-carbon production, as discussed in our accompanying policy report.  

• Consumer action to reduce demand for high-carbon goods. Our scenarios 

to deliver Net Zero domestically involve changes in consumption by 

consumers (e.g. reduced meat consumption), alongside waste reduction 

and resource efficiency. These changes will have additional benefits for UK 

consumption emissions to the extent to which they apply to imports as well 

as domestic production.* This can help reduce the 55% of the UK’s imported 

consumption emissions that are in the form of final goods and services.  

• Corporate action. 45% of the UK’s imported consumption emissions come 

from the products that are inputs to a domestic economic activity. Better 

measurement of emissions along supply chains will help companies identify 

the emissions ‘hotspots’ within their supply chains, work with suppliers to 

reduce the carbon intensity of these goods and/or find alternative low-

carbon supply chains. Resource efficiency in production processes (which 

is included in our scenarios) can require less use of imported carbon intense 

products (e.g. steel).  

• Action enabled by effective trade measures and product standards. Both 

actions by the final consumer and by UK corporations can be aided by 

trade arrangements. Product standards and border carbon adjustments, if 

they can be made effective, create markets for both final and 

intermediate consumption that help consumers and firms make low-carbon 

choices. They can also play a role in preventing ‘offshoring’ of emissions 

from actions to decarbonise industry in the UK which would otherwise 

undermine the benefit of domestic decarbonisation for UK consumption 

emissions.  

• Avoiding scrappage. Scrapping high-carbon capital stock early in its 

lifetime and replacing it with low-carbon alternatives could help reduce 

operational emissions that occur within the UK’s territorial emissions 

account, but may not bring benefits in terms of consumption emissions 

when production emissions occurring overseas are considered. Where 

possible we have tried to avoid scrapping capital stock unnecessarily when 

constructing our scenarios for reducing the UK’s territorial emissions.    

The UK’s changing global trade relationships at the present time presents an 

opportunity to stimulate global decarbonisation through trade arrangements and 

the Government should explore this alongside the other levers to reduce the UK’s 

consumption emissions footprint. The growing spread of mid-century territorial 

emissions Net Zero targets could form a basis for possible border carbon 

adjustments.  

This should be done mindful of the economic challenges in recovering from 

COVID-19 in countries all around the world, particularly in developing countries, 

who are generally not expected to reach Net Zero emissions on the same timelines 

as developed countries under the Paris Agreement. Fair and effective border 

carbon adjustment proposals would need to be mindful of these factors.  

 

 
* We quantified an estimate of the size of changes in overseas consumption emissions from demand changes in our 

2019 Net Zero report. 

International trade measures 
would need to be 
implemented carefully.  
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We have produced exploratory scenarios for the UK’s future consumption emissions 

footprint (Box 7.5) that suggest that if the world is successful in efforts to reduce 

global greenhouse gas emissions in-line with scenarios expected to deliver the Paris 

Agreement, the UK’s consumption footprint could fall by 65% by 2035 and 90% by 

2050 relative to 1990 levels.  

We will monitor the UK’s overseas consumption emissions footprint against this 

indicative pathway alongside our progress reporting on territorial emissions. The 

Government should explore the levers identified above to reduce the UK’s 

consumption emissions, alongside its wider support of the global effort (Section 3).  

 

Box 7.7  
Approach to developing ‘exploratory’ UK consumption emission pathways  

We have projected possible futures for the UK’s consumption emissions footprint, building 

on the methodology in our 2013 report Reducing the UK’s carbon footprint and 

managing competitiveness risks developed with the University of Leeds. These projections 

rely on several assumptions:  

 

• International ambition: We consider two scenarios for how international carbon 

intensities of production will evolve in the future, based on the global modelling 
described in Section 3. The ‘Current global ambition’ case represents countries 

meeting currently pledged NDCs for 2030 and continuing to decarbonise at the same 

rate after 2030. The ‘Paris Agreement’ scenario sees global CO2 emissions fall to Net 

Zero around 2060, consistent with limiting warming to ‘well-below’ 2°C above 
preindustrial levels. In both cases we consider reductions of UK territorial emissions 

along the Balanced Net Zero Pathway to Net Zero. 

• Consumption patterns and production structures: We assume overall growth rates in 

the consumption of most categories of goods and services consistent with the UK-wide 

GDP trajectory we have used throughout the rest of this report. We represent shifts in 

the final demand for goods and services consistent with our Balanced Net Zero 
Pathway where these can easily be mapped to specific groups of goods and services 

(e.g. passenger aviation demand). Due to the speculative nature of projecting 

changes in the production structure of economies (how sectors interact with each 

other in the UK and around the world), we hold this constant at today’s levels.  

• Production standards: Delivering the Balanced Pathway requires significant changes in 

the methods of production for trade-exposed sectors such as heavy manufacturing. 
Our supporting policy report recommends exploring trade measures to ensure that this 

transition is not undermined by ‘offshoring’ of production reducing the benefits of the 

decarbonisation action for global emissions. We include a simple representation of 

these standards within our projection for future imported emissions by converging the 
carbon intensities of production overseas with UK levels within a limited number of 

heavy industry and fuel production sectors.  

• Coverage: Some sources of emissions fall outside of the consumption emissions 

framework. Emissions from land-use, land-use change and forestry around the world 

have large uncertainties and are difficult to associate with demands for products at 

the level of economic sectors, so are not included within the UK’s consumption 

emissions accounts at present.  

These exploratory scenarios suggest that significant falls in the UK’s consumption emissions 

footprint would be expected over 2020 to 2050 across the range of possible global 

emissions reduction ambition. Most of this reduction comes from reducing the UK’s 

territorially sourced emissions to Net Zero. In a current global ambition case imported 

emissions would only decline by 15% relative to their 1990 levels, with our modelled simple 

representation of production standards necessary to keep imported emissions from rising. 

With increased global ambition approximately aligned to the Paris Agreement, imported 

emissions would also fall – by about 75% relative to 1990 levels in our modelled scenario.  

 

Significant reductions in the 
UK’s consumption emissions 
footprint is possible by 2050.   

We have developed 
exploratory scenarios for how 
the UK’s consumption 
emissions might evolve and will 
track against these 
trajectories.  

Significant falls in the UK 
consumption emissions 
footprint could be achieved 
by 2050.   
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Figure B7.2 Exploratory projections for UK  

consumption emissions under a current ambition 
and Paris Agreement aligned global emissions 
scenario 

 

Source: Defra (2020) The UK’s Carbon Footprint; CCC analysis. 
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Introduction and key messages 
 

The Committee is required to consider scientific knowledge about climate change 

when providing advice on the level of the UK’s carbon budgets. This chapter 

presents our assessment for the purposes of advising on the level of the UK’s Sixth 

Carbon Budget.  

 

This chapter builds on our assessment in our Fifth Carbon Budget advice in 2015 

and our recent advice on setting a Net Zero target for the UK in 2019. It draws on 

recent developments in the scientific literature, the recent Intergovernmental 

Panel on Climate Change (IPCC) Special Reports and Fifth Assessment Report 

(AR5), which remains the most up-to-date comprehensive assessment by the IPCC 

of the physical basis for climate change until the IPCC Sixth Assessment Report is 

published in 2021. Our conclusions are:  

• Fundamental understanding of climate change and its causes continues to 
strengthen. The conclusions of our Fifth Carbon Budget assessment are 

strengthened by the latest developments in the scientific literature. The 

recent Special Report on Global Warming of 1.5°C (SR1.5) has improved the 

understanding of how future greenhouse gas emissions affect the climate 

and what is required to keep warming to the Paris Agreement long-term 

temperature goal. We have drawn on this strengthening knowledge base 

to inform the construction of our UK emissions pathways towards the 2050 

Net Zero goal.  

• Understanding of climate sensitivity has continued to progress since our 
Fifth Carbon Budget advice and IPCC-AR5. A new community synthesis 

(published in 2020) of multiple lines of evidence regarding how sensitive the 

climate is to atmospheric carbon dioxide has suggested narrower ranges 

for uncertainties in the climate sensitivity than IPCC-AR5. The range of 

climate sensitivity from a new generation of complex climate models 

extends to higher values than previously. This new knowledge base will be 

reviewed by the IPCC next year. The global emissions pathways assessed 

by IPCC-SR1.5 currently remain the best indicators of the global ambition 

expected to achieve the Paris Agreement temperature goal.  

• Minimising cumulative emissions of long-lived greenhouse gases will help 
minimise additional climate impacts along the pathway to Net Zero. 
Estimates of the remaining global cumulative CO2 emissions consistent with 

keeping warming to the Paris Agreement long-term temperature goal 

ultimately depend on a set of choices and definitions, which imply a wide 

range could be consistent. This means it is challenging to use these 

estimates to constrain national emissions pathways robustly. National 

emissions pathways should however seek to minimise cumulative long-lived 

greenhouse gas (GHG) emissions on the pathway to Net Zero to minimise 

additional climate impacts, highlighting the need for ambitious near-term 

emissions reductions to fully align with the Paris Agreement.  

• Adapting to climate risks is essential given the wide ranges of climate 
futures that remain possible. Climate impacts are already being felt in the 

UK and around the world. These will increase with further warming – and 

some increase is inevitable even under the most ambitious global emissions 

reductions. Warming in excess of 2°C cannot be ruled out even under 

global emissions scenarios expected to satisfy the Paris Agreement and 

warming in excess of 4°C by 2100 remains possible if the current ambition 

for reduction in global emissions is not increased. This demonstrates the 

importance of considering a wide range of climate outcomes in 

adaptation planning and implementation.  
 

This chapter provides the 
Committee’s assessment of 
the scientific understanding 
about climate change as 
required under the Climate 
Change Act when advising on 
carbon budgets. 

It builds on the assessments in 
the Committee’s advice on 
the Fifth Carbon Budget and 
on setting a UK Net Zero 
target. 

1348  



Chapter 8: Scientific context for setting the UK’s Sixth Carbon Budget 354 

We set out our analysis in five sections: 

 

1. The fundamentals of the physical science basis remain strong 

2. Updated understanding of the climate system  

3. Global CO2 budgets as a guide for mitigation pathways   

4. Minimising the UK’s future contribution to climate change  

5. The need to adapt to a changing climate 
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1. The fundamentals of the physical science basis remain strong 

This report builds on the assessment of the scientific knowledge about climate 

change in the Committee’s Fifth Carbon Budget and Net Zero advice reports.1 It is 

also informed by the two new Special Reports from the IPCC on The Ocean and 

Cryosphere in a Changing Climate and Climate Change and Land. This section 

reviews the key messages from those reports.  

 

i) IPCC Fifth Assessment Report 
 

The last time the Committee advised on the level of a UK carbon budget (the Fifth 

Carbon Budget in 2015), the recently published IPCC Fifth Assessment report (IPCC-

AR5 - completed in 2014) formed the scientific underpinning of our assessment. It 

remains the IPCC’s latest full assessment report, with the IPCC’s Sixth Assessment 

report expected in 2021. 

 

IPCC-AR5 clearly demonstrated that the climate is changing as a result of human 

activity, causing damaging impacts, and that to stop continued increases in 

global temperature, global emissions of greenhouse gases must be reduced to 

very close to zero:  

• The climate is changing as a result of global greenhouse gas emissions. The 

IPCC concluded that it was unequivocal that humans were influencing the 

climate. It is extremely likely (>95% probability) that human activity is the 

dominant cause of the warming observed since the 1950s, with the best 

estimate of the human-induced contribution similar to the observed 

warming over the period.   

• Many climate impacts are being detected across the world. IPCC-AR5 

concluded that 'recent climate changes have had widespread impacts on 

human and natural systems on all continents and across the oceans'. 

Attributable impacts included an impact of climate change on crop yields, 

shrinking glaciers and changing rainfall patterns affecting water availability, 

along with changing geographic ranges of species on land and ocean. 

• Further emissions will lead to further warming and change. The pathways of 

future global greenhouse gas (GHG) emissions will be the primary 

determiner of how the climate continues to change in the future. Future 

warming will bring additional increases in the climate-related risks already 

present, as well as the emergence of new ones. 

• There is no simple threshold beyond which climate change moves from 
safe to dangerous. Climate impacts are being felt today and are having 

significant consequences for people and natural systems already. There is 

no ‘safe’ level of global warming at which significant climate impacts can 

be avoided entirely.  

• The increase in global temperature is determined mainly by total carbon 
dioxide emissions over time, which must fall to near zero in order to limit 
warming. Long-lived GHGs (such as carbon dioxide – CO2) accumulate in 

the atmosphere, meaning continued emission of these gases leads to 

continually increasing warming. Warming created by long-lived GHGs is not 

naturally reversible on the timescale of decades-to-centuries. Therefore, 

reducing this warming would requires the active removal of long-lived 

GHGs from the atmosphere. 

The IPCC Fifth Assessment 
Report and the recent IPCC 
Special Reports summarise the 
core of the evidence basis for 
this chapter. 

The conclusions of the IPCC 
Fifth Assessment Report on the 
fundamentals of climate 
change remain valid. 
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Over the five years since the Committee’s advice on the UK’s Fifth Carbon Budget, 

these key messages remain valid. Confidence in these conclusions has increased 

as evidence and understanding has continued to accumulate. They have been 

reinforced by additional observations of climate change, new climate modelling 

efforts and improved understanding of the climate system (Section 2).  

 

ii) IPCC Special Report on Global Warming of 1.5°C 
 

The Committee’s Net Zero report in 2019 built on the recently published IPCC 

Special Report on Global Warming of 1.5°C (IPCC-SR1.5) to assess what was 

necessary to keep warming to the long-term temperature goal of the Paris 

Agreement.  

 

Key messages emerging from that assessment included:  

• Any action to reduce emissions helps limit future climate risks. The world 

has already started moving away from the highest emissions futures and 

the most severe future climate impacts. Meeting the temperature goal of 

the Paris Agreement would lead to significantly smaller increases in future 

climate risks than projected under current pathways. Any action to reduce 

global GHG emissions helps to reduce future global temperature increases 

and keep future increases in climate hazards as small as possible.  

• Net Zero emissions of long-lived GHGs are needed to stop the planet 
warming, alongside falling emissions of shorter-lived GHGs. Emissions of 

long-lived GHGs (e.g. CO2 and nitrous oxide) lead to increased 

atmospheric concentrations for many decades. Emissions of shorter-lived 

GHGs (e.g. methane) see atmospheric concentrations return to normal 

levels within a few decades after emissions are stopped due to their 

removal from the atmosphere by natural chemical cycles.  

• Keeping to the long-term temperature goal of the Paris Agreement requires 
reducing long-lived GHG emissions rapidly over the next few decades to 
reach Net Zero, alongside rapid reductions in short-lived GHGs. Global 

emissions pathways expected to keep peak warming to 1.5°C reach Net 

Zero CO2 emissions by around 2050 and around 2075 for 'well-below 2°C' 

(Figure 8.1).* Pathways reach Net Zero aggregated GHG emissions around 

2070 for a 1.5°C limit with most pathways not yet reaching Net Zero GHG 

emissions before 2100 for ‘well-below’ 2°C.†  

 

The emissions pathways assessed by IPCC-SR1.5 were a key part of the analysis 

underpinning the Committee’s advice that the UK should set a long-term emissions 

target for Net Zero aggregated GHG emissions by 2050 – ahead of the date 

necessary for the world as a whole for a 1.5°C pathway. IPCC-SR1.5 remains the 

most recent synthesis assessment of global emissions pathways expected to satisfy 

the Paris Agreement, and therefore remains the core of the evidence base for the 

purposes of this report. An updated assessment is expected from the Working 

Group III assessment, as part of the IPCC Sixth Assessment Report, expected in 

2021.  

 

 
*   In this report we interpret effort consistent with the ‘well-below’ 2°C limit in the Paris Agreement long-term 

temperature goal as bounded on the high end by global emissions scenarios with at least a 66% probability of 

keeping peak warming below 2°C. This is consistent with our interpretation in the 2019 Net Zero report.  

†   GHG emissions are here aggregated using the Global Warming Potential metric with a time horizon of 100 years, 

consistent with international GHG reporting practice.  

Recent evidence has further 
strengthened these 
conclusions.  

The IPCC Special Report on 
Global Warming of 1.5°C 
provides the most recent 
comprehensive assessment of 
the global effort needed to 
achieve the Paris Agreement.   

The key features of global 
emissions pathways to keep to 
the Paris Agreement are well 
understood.   
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Figure 8.1 Global emissions pathways consistent 
with the Paris Agreement 

 

Source: CCC (2019) Net Zero: The UK’s contribution to stopping climate change.  
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iii) IPCC Special Reports on the Ocean and on Land 
 
Whilst there has not been a new comprehensive IPCC assessment report since our 

advice on the Fifth Carbon Budget and the UK’s Net Zero targets, there have been 

additional IPCC Special Reports on The Ocean and Cryosphere in a Changing 

Climate and Climate Change and Land, which have helped to document 

particular aspects of this improved knowledge base (Box 8.1).  

 

Box 8.1 
IPCC Special Reports – Oceans & Cryosphere in Changing Climate; Climate Change and 

Land 

The IPCC produced a special report on climate change and land (published in August 

2019) that assessed literature looking at the role of climate change on desertification, 

land degradation, sustainable land management, food security, and greenhouse gas 

fluxes in terrestrial ecosystems. Several conclusions on the role of land in climate 

mitigation were found: 

 
• Land plays a critical role in supporting human society and is already under pressure 

from climate change. Land provides humans with food, freshwater and ecosystem 

services. About 70% of the planet’s ice-free surface is directly affected by humans in 

some way.  

• Land surface temperatures have warmed by over 1.5°C from the pre-industrial period. 

This warming, and the associated changes in weather extremes, is already impacting 

food security including crop yields and agricultural pests and diseases. 

• Land-based mitigation can play an important role in limiting future warming. Emissions 
from the global food and land-use system contribute 21 - 37% of global GHG emissions 

today, but measures to reduce these exist with many bringing other co-benefits for 

sustainable development.  

• There are limits to what land-based mitigation can achieve by itself. Land will come 

under further pressure from future climate change and very large-scale use of land for 

mitigation (e.g. afforestation or biomass production) could have negative 
consequences for other functions of land such as biodiversity, food production and 

climate resilience.  

The IPCC Special Report on Oceans and the Cryosphere in a Changing Climate was 

published in September 2019. The main conclusions were:  

 
• Observations show that the Earth’s oceans are getting warmer and becoming more 

acidic; glaciers and ice sheets have reduced in volume and sea ice coverage and 

thickness has reduced. The rate of global sea level rise has recently accelerated due 

to increased water input, primarily from melting ice sheets and glaciers.  

• These changes are having impacts today. Coral reef bleaching events have become 

more common and the geographical extent of species’ ranges in the ocean is 

changing. Melting glaciers are affecting water availability in some mountain regions.  

• Significant additional changes will occur in the oceans ev en if the Paris Agreement 
long-term temperature goal is achieved. Sea levels will continue to rise for many 

hundreds of years even after global temperatures are stabilised. Average sea levels 

could rise by 0.3 – 0.6 m (>66% probability range) above 1986-2005 levels by 2100 

under a global emissions scenario approximately consistent with achieving the Paris 

Agreement long-term temperature goal and would continue rising after 2100. 

• The upper end of projections for future sea level rise have been revised upwards from 
the IPCC Fifth Assessment Report. This is primarily due to increased uncertainty 

regarding the contribution from Antarctic melt. Under a scenario with very high future 

global GHG emissions, global sea level rise could be 0.6 – 1.1 m (>66% probability 

range) above 1986-2005 levels by 2100.   

These special reports document the improved understanding of the risks from climate 

change to oceans and land. They have strengthened the evidence base on what 

mitigation and adaption actions can be taken to help limit future risks.  

There have been new IPCC 
Special Reports summarising 
the evidence base on aspects 
of climate change.   
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2. Updated understanding of the climate system  

Knowledge about the climate system has continued to progress over recent years. 

New observations show continued warming occurring. The fingerprint of human-

induced climate change can increasingly be found in extreme weather events. At 

the same time, a new generation of complex climate models is becoming 

available with improved representations of physical processes relevant for 

projecting future climate change. Together new observations and new modelling 

capabilities are leading to new understanding of the climate system. 

 

This section summarises some recent developments in the evidence base relevant 

to the Committee’s advice on the level of UK’s Sixth Carbon Budget. It is split into 

two sub-sections: 

a) New observations of climate change 

b) New modelling and understanding of climate sensitivity 

 

a) New observations of climate change 
Over the five years since our Fifth Carbon Budget advice, further changes in the 

climate system have been observed: 

• The five years since 2015 have seen the five warmest years (globally) on 

record.2  

• The global average level of human-induced warming is now in excess of 

1.1°C when defined consistent with practices used by the World 

Metrological Organisation and IPCC-SR1.5.3* Best estimates indicate that 

human activities are responsible for 100% of the warming observed since 

1850-1900.† The observed rate of increase in global temperature (~0.2°C 

per decade) has proceeded consistent with the near-term warming 

projection made by the IPCC-AR5 report in 2013 (a 0.12 - 0.42°C per 

decade increase). 

• Global sea levels have continued to rise, with the rate of increase over the 

last five years being the fastest observed to date. Global average sea 

levels are now estimated to be around 20 cm above levels in 1900.4   

• In the UK, the 2010 – 2019 decade was the second warmest cardinal 

decade on record after 2000 – 2009. In 2019, the highest ever temperature 

reached in the UK was recorded as well as the warmest ever recorded 

winter temperature.5 Considerably more high temperature records were set 

in the UK over than 2010s than low temperature records.  

 

The detection and attribution of the role of human-induced climate change in 

extreme weather events has now become firmly established as a scientific 

discipline.6 Human-induced climate change has been clearly shown to increase 

the frequency and intensity of many (but not all) extreme weather events, with 

particularly clear signals in extreme heat and many heavy rainfall events.7  

 

 

 
 
* A blend of near-surface air temperature over land and sea surface temperature over oceans.  

† This period is regularly used as an approximation of pre-industrial conditions, including by the IPCC 

New observations of climate 
change and new modelling 
capabilities are leading to 
improved understanding of 
the climate.   

Evidence of the changes in 
climate and its impacts have 
continued to mount over the 
last five years.   

The role of climate change in 
extreme weather events is 
increasingly well understood.    
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Attribution studies have also linked the human-induced changes in climate 

hazards through to its impact on people, for example an estimated 20% increase in 

heat-related mortality in London during the 2003 European heatwave (which was 

linked to ~300 additional deaths in the Greater London area).8 Human-induced 

climate change is also shown to be increasing the kinds of conditions in which 

wildfires can occur including in areas of Western North America and Australia that 

have seen recent large fires.9 The impact of other extreme events has also been 

shown to be amplified by climate change, for example hurricanes are more 

damaging due to higher sea levels, and warmer seas leading to higher wind 

speeds and heavier rainfall.10  

 

These continued changes indicate just some of the consequences of the 

continued increase in drivers of climate change due to human activities (Box 8.2) 

and illustrate the impact of a planet over 1°C warmer than pre-industrial levels.  

 

Box 8.2: 
Changes in the drivers of climate change since the Fifth Carbon Budget advice 

The drivers of climate change have continued to evolve over the period since the 

Committee’s advice on the level of the Fifth Carbon Budget in 2015.  

 

• Global annual CO2 emissions have increased by 3% (energy-related emissions only) 
over 2014 - 2019, a significantly slower rate than over the proceeding five-year 

period.11 2019 saw close to zero growth on 2018 levels, with an expected fall in 2020 

levels following the effects of COVID-19 on energy use around the world. Projections 

from the International Energy Agency now suggest continued slow or no growth in 
global energy-related CO2 emissions over the coming decade, following the initial 

bounce-back from COVID-related declines soon after 2020. It is now very possible that 

global CO2 emissions may remain below 2019 levels over the course of the coming 

decade.12  

• Global non-CO2 GHG emissions. Global methane emissions have been rising steadily 

over the past decade, driven largely by rising emissions from the oil and gas sector 
and from ruminant agriculture.13 Nitrous oxide emissions have also been rising, primarily 

due to increased emissions from agricultural soils, whilst F-gas emissions are rapidly 

approaching the same magnitude (on a CO2-equivalent basis) as global nitrous oxide 

emissions. 

• Atmospheric GHG concentrations have continued to rise for major GHGs. CO2 

concentrations are driven by accumulating CO2 emissions in the atmosphere, 
reaching nearly 150% of their pre-industrial values.14 Understanding of the global 

atmospheric methane and nitrous oxide budgets has improved.15 Evidence indicates 

that rising emissions from both agricultural and energy sectors have underpinned the 

recent rise in atmospheric methane concentrations, with limited evidence to date of 

increasing methane release from the Arctic.16  

• Radiative forcing. The radiative forcing (heat trapping potential) of well-mixed GHGs 
has increased by around 45% since 1990, dominated by increases in the atmospheric 

concentration of CO2.17 A recent community assessment of radiative forcing from 

aerosols estimates that between 20% - 50% of the radiative forcing from well-mixed 

GHGs is being offset by aerosols.18 There have been no significant changes in natural 

climate forcing (e.g. from volcanic eruptions) over the past decade.  

The drop in annual global CO2 emissions expected for 2020 due to the impacts of COVID-

19 will not lead to any decrease in the atmospheric concentrations of CO 2 or the levels of 

human-induced warming.19 Continued CO2 emissions, even at a declining rate, continue 

to increase the global average temperature and will not reverse the changes in the 

climate system seen over recent decades. 

 

 

 

 

Global emissions have 
continued to rise over the past 
five years, but their growth has 
slowed recently. Emissions over 
the 2020s may remain below 
2019 levels due to longer-term 
effects of COVID-19 on global 
economies.      
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b) New modelling and understanding of climate sensitivity  
 

Since IPCC-AR5 and the Committee’s advice on the UK’s Fifth Carbon Budget 

there have been new estimates of the equilibrium climate sensitivity - a predictor of 

long-term warming under a future atmospheric concentration scenario - from 

complex climate models and from a prominent synthesis of multiple lines of 

evidence. We summarise these areas of new evidence before assessing the 

expected implications for projections of climate change under rapid global 

emissions reductions.   

 

While a comprehensive assessment of this new knowledge will be undertaken by 

the IPCC Sixth Assessment Report in 2021, we conclude that available evidence to-

date suggests that the global emissions pathways summarised by the IPCC-SR1.5 

remain good guides to the level of ambition expected to be consistent with the 

Paris Agreement’s long-term temperature goal.  

 

i) New climate modelling 
 

Equilibrium climate sensitivity (ECS) is an important metric for future climate 

changes. It is defined as the amount of global warming that would eventually 

occur following a doubling of atmospheric CO2 concentrations (from pre-industrial 

levels). Estimates of ECS have extended over a similar range of uncertainty for 

many decades, with central estimates around 3°C of warming for a doubling of 

CO2 concentrations, but with significant uncertainty intervals extending from 1.5°C 

to 4.5°C (>66% confidence) in IPCC-AR5. 

 

Newly updated complex climate models are now available. Some of these models 

have a sensitivity to carbon dioxide that is above the range of complex climate 

models from the previous generation (Box 8.3). These models raise the possibility 

that the risks of very high temperature rises are higher than previously thought, but 

the process of understanding the reasons behind these new results - and their 

consistency with other lines of evidence - is still ongoing in the scientific community.  

 

Box 8.3 
Climate sensitivity in new complex climate models  

Computer simulations of the physics, chemistry and biology of the climate system are 

used to understand the fundamental processes important for the Earth’s climate and to 

project future changes. A new generation of climate models have been developed 

around the world over the past five years. These new models improve the resolution (the 

size of grid that the world is broken up into) to around 60 km from around 150 km in the 

previous generation. Some also include representations of additional physical processes, 

such as interactively simulating changes in the nitrogen cycle that previously have not 

been possible, and improved representations of cloud physics processes.  

 

This new generation of models (known as CMIP6 models) contain a number of models 

with ECS lying outside the assessed 1.5 – 4.5°C likely range from the IPCC-AR5 (this 

represents an interval in which the authors have over 66% confidence that the true value 

lies), and outside the range of values simulated by complex climate models in the 

previous generation (CMIP5). This means the upper end of the range of global 

temperature increases simulated under standardised emissions scenarios is now higher in 

CMIP6 than CMIP5.20  

 

The process of understanding the reasons behind these new higher sensitivity climate 

models is still ongoing in the scientific community, with strong cloud feedback over the 

Southern Ocean seemingly a key difference between the highest ECS models and 

others.21  

New complex climate models 
have been developed, some 
with a high warming in 
response to carbon dioxide. 
The reasons for this sensitivity 
are currently being 
investigated by the scientific 
community and should be 
treated with caution for now.     

The understanding of the 
Earth’s climate sensitivity has 
developed in recent years 
with advances in several 
areas.      

Climate sensitivity is an 
important metric for future 
climate change but has wide 
uncertainties.      
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However, several important caveats have already been identified suggesting caution 

over their direct relevance for mitigation policy:  

 
• Very high climate sensitivities can be difficult to reconcile with other lines of evidence 

on how the climate responds to forcing. In particular, what we know about how the 

climate was different in the Last Glacial Maximum (around 15,000 years ago) suggests 

that values for ECS above 4.5°C are unlikely but doesn’t categorically rule them out.   

• Some high sensitivity CMIP6 models struggle to accurately simulate the historical 

period. The observed rate of warming since the 1980s, which better constrain climate 
sensitivity due to limited changes in aerosol radiative forcing over this period, is lower 

than in many of the highest climate sensitivity models.22 However, this is not the case 

for all high sensitivity models with some having a good historical simulation and still a 

very high climate sensitivity due to non-linear cloud feedback mechanisms.23    

• The equilibrium climate sensitivity is not necessarily the most directly policy relevant 

metric of the climate response for this century. It is defined based on a fixed 
concentration of CO2 in the atmosphere so doesn’t include the effects of carbon 

cycle and how it will change in the future. For alternative metrics of the climate 

sensitivity that also incorporate carbon cycle responses many of the models with very 

high equilibrium climate sensitivity do not lie outside of the assessed ranges from IPCC-

AR5.24  

These caveats suggest caution in using the direct CMIP6 model outputs as representative 

of the overall range of uncertainty in projections of future climate change, particularly as 

the set of available models does not represent an attempt to sample the full range of 

uncertainty in climate sensitivity in a structural way. An assessment of these new climate 

models will be possible in the forthcoming IPCC Sixth Assessment Report, which we do not 

try to pre-empt in this report.  

 

 

ii) New synthesis of multiple lines of evidence 
  

A recent effort from across the scientific community published in 2020 and 

coordinated by the World Climate Research Programme (WCRP) has attempted 

to synthesise several lines of evidence on climate sensitivity. It has proposed a 

significant narrowing of the range of uncertainty in ECS (Figure 8.2 – right two 

columns):25  

• This study used constraints from multiple lines of evidence including 

observed climate change, evidence from past climate states and 

understanding the processes relevant for future climate system feedbacks. 

This assessment does not directly rely on the estimates from complex 

climate models.  

• Combined together these lines of evidence suggest a central estimate for 

ECS of 3.1°C, with a >66% probability of it lying in the range of 2.6 - 3.9°C, 

narrower than the 1.5 – 4.5°C >66% probability range from IPCC-AR5. 

Alternative statistical modelling assumptions in the calculation to estimate 

ECS from the same data can extend the upper end of this >66% probability 

interval up to 4.5°C, similar to the distribution based on new complex 

climate models (‘WCRP uniform prior’ & ‘CMIP6’ – Figure 8.2).  

• Values of climate sensitivity below 2°C were found hard to reconcile with all 

the lines of evidence, while values above 4.5°C are difficult to reconcile 

with what is known about how the climate changed around the Last 

Glacial Maximum (around 15,000 years ago).  

 

This WCRP estimate will be assessed, along with all other new studies, in the 

forthcoming IPCC Sixth Assessment Report.  

 

These new high sensitivity 
models will be 
comprehensively assessed by 
the IPCC in 2021.      

A recent assessment looking at 
multiple kinds of evidence has 
proposed a significant 
narrowing of climate sensitivity 
uncertainties.       

This study did not categorically 
rule out the possibility of very 
high climate sensitivity.          
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While the outcome of that assessment is still to be determined, these advances 

suggest the probability of very low levels of future warming for a given scenario of 

future atmospheric GHG concentrations may now be significantly less than 

indicated by the assessment of IPCC-AR5. This emphasises the need for rapid and 

sustained global emissions reductions to avoid significant increases in climate 

impacts over the century.  

 

The WCRP assessment also suggests that the probability of very high levels of 

warming for a given scenario of future global atmospheric GHG concentrations 

may also be reduced compared to the assessment of IPCC-AR5, but still cannot be 

categorically ruled out. 

 

Figure 8.2 Distributions for climate sensitivity from 
multiple sources / assessments 

 

Source: Sherwood, S. et. Al. (2020) An Assessment of Earth’s Climate Sensitivity Using Multiple Lines of Evidence. 

Reviews of Geophysics, 58, 4; Schlund et al. (2020) Emergent constraints on Equilibrium Climate Sensitivity CMIP5; do 

they hold for CMIP6? Earth Syst. Dynam. Discuss; IPCC (2013) Summary for policymakers – Climate Change 2013: 

The Physical Science Basis. 

Notes: Here climate sensitivity refers to the ‘effective climate sensitivity’ an approximation to the true equilibrium 

climate sensitivity derived from the first 150 years following a doubling of atmospheric carbon dioxide 

concentrations from preindustrial levels in climate models. CMIP refers to the Coupled Model Intercomparison 

Project – an ensemble of complex climate models from around 2013 (CMIP5) and around 2020 (CMIP6). WCRP 

refers to the World Climate Research Project climate sensitivity assessment. The ‘baseline’ range refers to the main 

set of statistical modelling assumptions used within the assessment and the ‘uniform sensitivity prior’ represents an 

alternative set of statistical modelling assumptions. IPCC-AR5 did not provide a 50th percentile estimate. 
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iii) Implications for climate projections under rapid global 
decarbonisation scenarios  
 

We have worked with the UK Met Office (Box 8.4) to understand the implications of 

these new WCRP estimates for climate sensitivity uncertainty on the range of 

projected global warming under a global emissions scenario expected to keep 

(median) warming to the Paris Agreement long-term temperature target range 

according to the IPCC-SR1.5 assessment (Figure 8.3).* 

 

Box 8.4 
Modelling of implications of WCRP climate sensitivity distributions and additional Earth 

System feedbacks for climate projections 

We have worked with the UK Met Office to model the implications of the newly proposed 

climate sensitivity distributions from the World Climate Research Programme (WCRP) study 

under a rapid global decarbonisation scenario, and a global emissions pathway 

consistent with current global emissions reduction ambition: 

 

• These projections use a version of the MAGICC simple climate model, one of the two 

simple climate models used to understand the climate implications of global emissions 

pathways in the IPCC-SR1.5 report.26 

• Distributions of model parameters for the physical climate response are chosen to be 

consistent with prescribed climate sensitivity distributions from the WCRP assessment. 
Other parameters (e.g. carbon cycle responses) remain tuned to span the range of 

responses consistent with the conventional use of MAGICC for probabilistic projections 

of climate outcomes.  

• Global emissions pathways for CO2, CH4 and N2O are taken from those produced 

under modelling with the TIAM integrated assessment model (Chapter 7). Two 

scenarios are considered: a scenario expected to be consistent with keeping median 
peak warming to around 1.75°C (based on IPCC-SR1.5 assessment of allowable future 

cumulative CO2 emissions), and a scenario in which current 2030 emissions targets 

(Nationally Determined Contributions – NDCs) are achieved and a similar level of 

global emissions reduction ambition is maintained over the rest of the century. 
Pathways for other GHGs and aerosol emissions are estimated from relationships 

between emissions of different gases across the range of scenarios assessed by IPCC-

SR1.5 with similar socioeconomic development assumptions.27  

The effects of incorporating additional Earth system feedbacks that are not typically 

included in the definition of climate sensitivity is also modelled:  

 

• These processes include amplifying feedbacks such as the thawing of permafrost as 

well as feedbacks that act to reduce climate change, such as the feedback of a 

warming climate on the atmospheric lifetime of methane emissions. An initial estimate 
of the size of these additional climate feedbacks associated with these processes was 

provided in the IPCC-AR5, but confidence remains low in many of them.28  

• When combined, the net effect of these processes suggests an addit ional amplifying 

climate feedback (median estimate), but with substantial uncertainty (spanning an 

overall negative feedback through to a more strongly amplifying feedback). The 

impact of these additional feedbacks on climate projections over the century is 

assessed following published methods, within the same simple climate model.29 

These additional feedbacks represent a potentially importance source of uncertainty in 

projections of the future climate but are expected to be less important than uncertainty 

in well-studied climate and carbon-cycle feedbacks (e.g. cloud feedback uncertainty) 

for projections over the coming century.  

 

 

 
*   This is a scenario that sees rapid falls in global GHG emissions from 2020, with global CO2 emissions falling to Net Zero 

around 2060. Based on the assessment of IPCC-SR1.5, this global emissions scenario would be expected to keep 

median peak warming to around 1.75°C above preindustrial levels.  

We have modelled the 
implications of the proposed 
narrowing of climate sensitivity 
uncertainty for global 
emissions scenarios expected 
to keep to the Paris 
Agreement.         
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Figure 8.3 Global temperature projections under 
WCRP climate sensitivity distributions for a  

rapid global decarbonisation scenario 

 

Source: UK Met Office; CCC analysis. 

Notes: Future temperatures are expressed relative to the 2006 – 2015 reference period from IPCC-SR1.5 and offset 

by 0.870C to express warming relative to preindustrial levels. The dashed line shows estimated peak warming for this 

scenario based on the IPCC-SR1.5 global carbon budget assessment.  

 

Several conclusions can be drawn from this modelling: 

• The median estimate of warming remains within the 1.5 – 2°C range under 

the WCRP estimates of climate sensitivity uncertainty, indicating that the 

IPCC-AR5 and IPCC-SR1.5 would remain valid guides to the global 

emissions reductions expected to keep central estimates of warming to the 

long-term temperature goal of the Paris Agreement.  

• It is very likely that additional warming will be seen between 2020 and 2050 

even under the most benign climate responses. This ‘inevitable’ level of 

future warming would be raised by the increase in the lower bounds of the 

ECS uncertainty range between the WCRP and IPCC-AR5 estimates if 

confirmed by the IPCC Sixth Assessment Report.     

• There remains a non-negligible probability of warming exceeding 2°C 

above pre-industrial levels even if the world is successful in delivering a 

global emissions pathway expected to be consistent with the Paris 

Agreement. The overall risks of warming exceeding 4°C above pre-industrial 

levels under ambitious global decarbonisation remain low (<1%) under this 

modelling, but is difficult to quantify robustly due to the dependence on 

the representation of the upper tail of climate response distribution, which is 

difficult to constrain.  

IPCC assessed global emissions 
pathways remain good guides 
to what is required to keep 
warming to the Paris 
Agreement even under 
possible narrowing of climate 
sensitivity uncertainty.          

Warming in excess of 2°°C 
cannot be ruled out even 
under a global emissions 
scenario expected to achieve 
the Paris Agreement.           
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We have also modelled the impact on climate projections of including additional 

climate and carbon cycle feedbacks that generally are not included within the 

definition of climate sensitivity, such as permafrost thawing. There has been further 

understanding of these mechanisms since IPCC-AR5 but no overall change in the 

assessment of their impact on future evolution of global average temperature 

under ambitious global decarbonisation scenarios. Overall, these feedbacks are 

expected to further amplify warming and further increase the risks of warming 

significantly exceeding 2°C, though with only a limited impact on median peak 

warming under rapid global decarbonisation scenarios (Figure 8.4). 

 

Figure 8.4 Global temperature projections  

including additional Earth system feedbacks  
for a rapid global decarbonisation scenario 
 

 

Source: UK Met Office; CCC analysis. 

Notes: Future temperatures are expressed relative to the 2006 – 2015 reference period from IPCC-SR1.5 and offset 

by 0.870C to express warming relative to preindustrial levels. The dashed l ine shows estimated peak warming for this 

scenario based on the IPCC-SR1.5 global carbon budget assessment. A median estimate of additional feedbacks 

is used for the green trajectory shown here. 

This modelling suggests that the pathways from the IPCC-SR1.5 remain valid 

representations of the global effort necessary to achieve the Paris Agreement, 

while acknowledging the continued range of climate outcomes that could be 

consistent with such emissions pathways. We continue to use these pathways as 

representative of the global effort expected to be necessary to meet the Paris 

Agreement and for analysing the UK’s contribution to the Paris Agreement long-

term temperature goal in this report (Chapter 7).  

 

 

We have also modelled the 
impact of additional climate 
feedbacks on temperature 
projections for rapid global 
decarbonisation scenarios.            
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3. Global CO2 budgets as a guide for mitigation pathways   

Our 2019 Net Zero report looked at the need to reach Net Zero emissions to stop 

continued rising global temperatures. It is the pathway of emissions reductions prior 

to reaching Net Zero that will determine the level of warming that is reached 

before global temperatures stop rising.  

 

This section looks at a constraint on that global pathway – a limit on cumulative 

global CO2 emissions – and the precision with which this constraint can be 

estimated for direct use in national mitigation policy.   

 

a) The concept of a remaining global CO2 emissions budget  
 

The Paris Agreement contains a long-term temperature goal to limit global 

average warming to prevent ever increasing climate impacts (Box 8.5). The 

science of what this means for global GHG emissions has been established for over 

a decade and was summarised in detail in the Committee’s 2019 report on setting 

a Net Zero target in the UK:  

• Long-lived greenhouse gases (e.g. CO2, and N2O over timescales of up to 

a century) accumulate in the atmosphere, so continued emissions of these 

gases lead to continually increasing warming. Stopping global temperature 

increasing requires global emissions of these gases to be brought to near 

Net Zero. The total amount of warming that these gases create depends on 

the cumulative total emissions before that point and not on the specifics of 

the emissions pathways (e.g. how much is emitted within a particular year).  

• Shorter-lived greenhouse gases such as methane affect the climate in 

qualitatively different ways to CO2, with constant rates of emission leading 

to an approximately near-constant level of raised global average 

temperature. These gases do not need to be brought to Net Zero to stop 

increasing global temperature, but instead need to be stabilised and then 

steadily declined.  

 

This science has been used to estimate the amount of future global cumulative 

CO2 emissions consistent with keeping warming below a given level.* These 

estimates were first provides in the IPCC-AR5 for a range of different warming 

levels, before the estimates were refined and improved for the 1.5°C warming level 

specifically in the IPCC-SR1.5.  

  

 

 
*   These cumulative emissions concepts cannot be accurately used for the all-GHG aggregated emissions (using the 

global warming potential metric at a time horizon of 100 years) due to the qualitative difference in how shorter -lived 

GHGs affect the climate. 

The emissions pathway before 
reaching Net Zero is important 
for the level of warming 
reached.  

It is the cumulative emissions of 
long-lived greenhouse gases 
(such as carbon dioxide) that 
matter for their contribution to 
global warming.  

The IPCC has previously 
provided estimates of the 
amount of cumulative global 
carbon dioxide emissions 
consistent with keeping 
warming below certain levels.   
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Box 8.5 
The purpose of the Paris Agreement long-term temperature goal 

The 2015 Paris Agreement agreed a long-term temperature goal as a focus for 

international climate action. Parties committed to holding 'the increase in the global 

average temperature to well below 2°C above pre-industrial levels and pursuing efforts to 

limit the temperature increase to 1.5°C above pre-industrial levels'.  

 

This long-term temperature goal was chosen as:  

 

• The UNFCCC sets an overall goal of avoiding dangerous climate change.  

• Climate science has shown that the overall level of impacts from climate change is 

well captured by the global average level of warming.  

• Every additional bit of warming is associated with additional climate impacts.  

• The aggregate level of climate impacts expected at 2°C (the previous long-term 

target of the international negotiations) was judged to be too severe overall, through 

the formal UN review of the long-term goal, with a strong push from vulnerable nations 
(such as low-lying island states) to keep the aggregate level of climate impacts 

lower.30  

The Paris Agreement long-term temperature goal can be interpreted in different ways – 

one interpretation is that it is fundamentally about avoiding climate impacts represented 

by the temperature goal as opposed to the level of warming itself. Keeping warming to 

lower levels always brings additional benefits in terms of avoided climate impacts – 

emphasising the value of pursing ‘highest possible ambition’ (as required under the Paris 

Agreement).   

 

 

b) Variations in Paris-aligned global CO2 emissions budgets 
 

There is significant uncertainty in estimates of the future global cumulative CO2 

budgets consistent with the Paris Agreement long-term temperature goal. A major 

uncertainty comes from the sensitivity of the climate to GHG emissions (Section 2), 

meaning that it is only ever possible to link an amount of future global cumulative 

CO2 emissions with a probability of keeping warming below a given level.  

 

There are also fundamental choices and definitions required which can be equally 

or more important to the size of the overall estimate:31 

• Definition of global warming: The Paris Agreement was informed by the 

IPCC-AR5 assessment of climate impacts at different levels of warming. This 

used the 1850-1900 period as an approximation of pre-industrial levels to 

define the (then) present level of global temperature change and the 

levels of aggregate climate impacts associated with 1.5°C and 2°C of 

warming. Alternative definitions are possible (e.g. using an earlier 

temperature period for pre-industrial levels) but would alter the level of 

impacts linked with global warming levels of 1.5°C and 2°C from those 

considered at the time of the Paris Agreement.32  

• Balance of CO2 and non-CO2 GHG emissions: Emissions targets under the 

Paris Agreement are normally set aggregating all GHGs together using the 

Global Warming Potential metric (at time horizon of 100 years). However, 

pledged GHG emissions reductions can be achieved with different 

combinations of CO2 and non-CO2 emissions with differing consequences 

for global temperature.33 This means that any ‘budget’ for cumulative 

global CO2 emissions varies depending on the assumed pathways for 

global non-CO2 GHG emissions.   

There are unavoidable 
choices required in estimating 
the amount of global 
cumulative carbon dioxide 
emissions consistent with the 
Paris Agreement.   
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• Changes in non-GHG climate forcers: Under the UNFCCC and Paris 

Agreement only a specific basket of GHGs are regulated. There are other 

emissions outside this basket that also affect the climate, including the 

emissions of aerosols particles that reflect sunlight and influence the 

formation of clouds. These aerosol emissions are estimated to have an 

overall cooling effect on the climate. As fossil fuel use is reduced and efforts 

are made to improve air quality, global aerosol emissions are expected to 

fall rapidly. There are various possible pathways for the speed and extent of 

these reductions, with deeper reductions in aerosols allowing less additional 

GHG-induced warming to keeping overall warming to the Paris Agreement 

long-term temperature goal.  

• Overshoot: The Paris Agreement does not refer to a specific time horizon for 

its long-term temperature goal. Some pathways have looked at getting 

warming below 1.5°C by 2100 with temperatures allowed to exceed this 

level temporarily beforehand. This would allow more global cumulative CO2 

emissions prior to reaching Net Zero, with some of these emissions removed 

from the atmosphere subsequently through active CO2 removal methods. 

As rapidly declining global temperature after peaking is likely to require 

possibly infeasibly large-scale global net-negative CO2 emissions, it is not 

prudent to plan for an intentional temporary overshoot of warming levels.   

 

These choices depend either on global societal preferences for how far we can 

reduce non-CO2 emissions in the future or on how warming is defined under the 

Paris Agreement. They therefore cannot be robustly sampled in a statistical way, 

unlike for uncertainties in the physical climate response. These definitional and 

societal choices mean a broad range of remaining global carbon budgets could 

be consistent with keeping warming to 1.5°C with approximately 50% probability 

(Figure 8.5) or any other temperature (and probability) level. * This means that only 

a ‘corridor’ of estimates for future global cumulative CO2 emissions with a climate 

target are valid – it is not possible to estimate a single ‘correct’ value.   

 

  

 
 
*   The largest uncertainties in Figure 8.5 would by themselves suggest a range of 290 – 1060 GtCO2 (from 2018) for 

keeping warming to 1.5°C with 50% probability. The IPCC-SR1.5 central budget for this probability of keeping 

warming to 1.5C with 50% probability was 580 GtCO2. These factors also underlie the 319 – 751 GtCO2 range in 

cumulative CO2 emissions (from 2020 to date of Net Zero CO2 emissions) in modelled global emissions pathways 

assessed to keep warming to below 1.5°C with no or low overshoot by IPCC-SR1.5.  

These choices depend on 
global societal preferences and 
definitions of warming. A very 
wide range of future cumulative 
CO2 emissions could be 
consistent with the Paris 
Agreement due to these factors 
– a precise estimate is not 
possible.     
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Figure 8.5 Variations in future global cumulative 
CO2 emissions for keeping warming to 1.50C 
 

 

Source: IPCC (2018) Special Report on Global Warming of 1.50C; CCC analysis. 

Notes: A remaining cumulative emissions budget of 580 GtCO2 (from 2018 onwards) from IPCC-SR1.5 is used as a 

reference case to express these changes against (consistent with a 50% chance of keeping warming to this level 

when allowing for physical response uncertainties). Impacts on the remaining emissions budget is calculated for 

alternative non-CO2 and non-GHG effects using the methodology in Section 2. SM. 112 of IPCC-SR1.5 Chapter 2. 

The minimum and maximum reductions across the ensemble of scenarios assessed to be consistent with keeping 

warming to 1.50C with no or low overshoot used. A log-normal distribution is used to assess the impact of an 

alternative shape for the climate response distribution. The impact of using an earlier period for preindustrial is 

quantified using an quantified using an additional 0.10C of historical warming. Budgets using an alternative 

definition of global temperature are taken from IPCC-SR1.5. 

 
c) Implications for national pathways to Net Zero 
 

The unavoidable dependence of estimates of remaining global future cumulative 

CO2 budgets consistent with the Paris Agreement on societal choices, create large 

variations in the estimates for budgets expected to be consistent with the Paris 

Agreement long-term temperature goal. 

 

This limits the utility of using global remaining cumulative emissions budgets to 

directly constrain the UK’s emissions trajectory towards the 2050 Net Zero target:  

• The many different totals for future global cumulative CO2 emissions that 

could be consistent with the Paris Agreement long-term temperature goal 

span a very large range and do not provide an unambiguous global 

starting point for allocating shares to countries.  

• Allocating shares to countries requires additional considerations of 

common-but-differentiated responsibilities and respective capabilities in 

light of national circumstances, as required under the Paris Agreement. This 

introduces a further set of choices and value judgements (Chapter 7).  

There are limitations on the use 
of global CO2 budgets to 
constrain national emissions 
pathways in a robust way.      
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• UK carbon budgets are set on an aggregated all-GHG emissions basis and 

not using CO2 (or long-lived GHG) emissions alone. Global cumulative 

emissions budgets are only robustly defined for CO2 and other long-lived 

GHGs and not for cumulative aggregated emissions of all GHG emissions.*  

 

The Paris Agreement does not attempt to allocate remaining global cumulative 

CO2 emissions estimates to individual countries, but rather requires ‘highest possible 

ambition’ from all parties, and that parties put forward commitments that reflect 

their common-but-differentiated responsibilities and respective capabilities. We 

consider that a sensible approach in the face of the uncertainties and boundaries 

of the science and have designed the analysis in this report on that basis. 

 

  

 

 
*   When using the Global Warming Potential metric which is standard practice for international GHG accounting and 

emissions inventories.  

We do not attempt to use 
these global budgets to derive 
the UK’s emissions pathway in 
this advice.       
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4. Minimising the UK’s future contribution to climate change  

Our advice on setting a Net Zero target in the UK highlighted that reaching Net 

Zero GHG emissions in the UK would be consistent with stopping the UK’s 

contribution to increasing global temperature (from its territorial emissions) and 

beginning to reduce its all-time impact on the global average temperature.  

 

Section 3 highlighted that it is the pathway of global emissions reductions prior to 

Net Zero that will determine the amount of warming before global temperature 

peaks: 

• For long-lived GHG emissions (such as carbon dioxide and nitrous oxide) 

the cumulative total emissions prior to reaching Net Zero mainly determines 

how emissions of these GHGs contribute to peak global temperatures.  

• For shorter-lived GHG emissions (such as methane) the rate of emissions 

over the few decades prior to global temperature peaking mainly 

determines the contribution from these gases to peak warming.34 As peak 

warming occurs around 2050 for scenarios consistent with keeping warming 

below 1.5°C, this requires near-term reductions in these emissions to 

minimise their contribution to peak warming.     

Rapid and sustained reductions in both long-lived and shorter-lived GHG emissions 

will be needed over the several decades for the world to keep additional warming 

sufficiently low to keep within the warming limits of the Paris Agreement.    

Well-mixed GHG emissions affect the climate similarly independent of where they 

are emitted, so these principles also apply to the UK’s contribution to global 

temperature increase (from its territorial emissions) prior to reaching Net Zero by 

2050:  

• Reaching Net Zero emissions by 2050 with no near-term action to 

substantially reduce emissions prior to 2030 would lead to a significantly 

higher warming contribution from UK territorial emissions than under the 

range of exploratory pathways developed within this report, all of which 

prioritise early reductions in emissions where possible (Figure 8.6).  

• If this delay of ambition was replicated globally it would be close to 

impossible to achieve the 1.5°C end of the Paris Agreement long-term 

temperature goal, as all modelled global pathways require significant 

reductions this decade to keep the required post-2030 reductions within the 

limit of what might be feasible.  

Pathways attempting to reach Net Zero by 2050 without early action to reduce 

emissions would also carry substantial risks of failing to achieve the target, 

challenges in delivering the low-emissions transition in a just way, and would not 

capture the economic opportunities and co-benefits that actions over the next 

decade are expected to bring (Chapter 9). It would also seriously undermine the 

efforts to achieve the necessary increase in global near-term ambition given the 

UK’s role as host of COP26.  

 

 

Delivering on the Paris 
Agreement requires rapid 
global reductions in emissions 
in the near-term as well as 
plans to reach Net Zero.        

Minimising UK cumulative 
emissions of long-lived 
greenhouse gases on the 
pathway to Net Zero will help 
to minimise the UK’s 
contribution to climate 
change.         
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Figure 8.6 Estimates of warming from UK territorial 
emissions under exploratory scenarios and a  

stylised ‘delayed action’ scenario 
 

 

Source: CCC analysis. 

Notes: Emissions of F-gases are excluded from these calculations but their relative contribution to warming is 

expected to be relatively small compared to the total of the other GHGs. Contributions to warming are calculated 

using the climate response functions for calculating emissions metrics in IPCC-AR5. This provides a central estimate 

of the future warming and the difference between the scenarios considered here but does not allow for 

uncertainty in the climate response to GHG emissions. Although this is substantial it would similarly scale the level of 

warming for all the scenarios, meaning qualitative comparisons between them are expected to be robust. The 

stylised ‘no action to 2030’ pathway assumes no emissions reductions over the 2020s before emissions linearly 

decline to Net Zero by 2050. 

 

a) Additional non-CO2 climate impacts from aviation 
There are additional direct climate impacts associated with UK activity that are not 

explicitly regulated under the Paris Agreement or the UK Climate Change Act. 

These include changes in the reflectivity of the land-surface with changing land 

use, emissions of aerosol particles and non-CO2 effects from aviation and shipping.  

 

Aviation non-CO2 climate effects are complex and large uncertainties persist, but 

best-estimates suggest that these currently represent the majority of global 

aviation’s impact on the climate (Box 8.6). Unlike aviation CO2 emissions, these 

non-CO2 effects are shorter-lived and largely depend on sustained aviation activity 

to maintain them.  

 

 

 

 

Aviation has additional 
warming effects on the 
climate that are not covered 
by the Climate Change Act.          

1368  



Chapter 8: Scientific context for setting the UK’s Sixth Carbon Budget 374 

Box 8.6 
The science of aviation non-CO2 climate impacts 

Aviation produces a range of non-CO2 pollutants that affect the climate in different 

ways. These include emissions that have a warming effect, such as nitrogen oxides, and 

those that have a cooling effect, such as sulphates.  

Planes can also create contrails (long trails of cloud caused by aircraft flying through 

supersaturated air) depending on the local atmospheric conditions. These high-altitude 

contrails can help the formation of cirrus clouds, which have a relatively large warming 

effect on the global surface air temperature.   

 

A new study has provided an updated synthesis of the effects of global aviation on the 

climate:35 

 

• Overall, the net aviation non-CO2 effect is to warm the climate. Globally, non-CO2 

effects contribute around two-thirds of the total aviation effective radiative forcing – 
twice as much as historical CO2 emissions from aviation. The dominant non-CO2 effects 

are found to be those from the formation of contrail-induced cirrus clouds, followed by 

the net effect of the emission of nitrogen oxides on atmospheric chemistry.  

• These non-CO2 effects are generally short-lived, meaning that if aviation emissions 

were stopped then their effects on the climate will quickly dissipate. In contrast, CO 2 

emissions from aviation will result in elevated atmospheric CO2 concentrations for 

centuries into the future.  

• Some possible aviation non-CO2 effects remain unquantified. The effect of particulate 
emissions on the reflectivity of low clouds are still too difficult to quantify but might be 

a cooling effect that offsets a significant fraction of aviation non-CO2 warming from 

other sources.  

It remains extremely challenging to accurately aggregate the effects of these non-CO2 

impacts into a CO2-equivalence ‘multiplier’ for use within climate policy mechanisms. 

These effects still have significant uncertainties associated with them and their size can 

depend on the conditions under which the activity occurs, unlike for well-mixed 

greenhouse gases which affect the climate similarly independently of where they occur.  

 

Efforts to reduce aviation non-CO2 effects will help to lower peak levels of global warming 

if implemented prior to the date of global Net Zero CO2 emissions (e.g. around 2050-2075 

for pathways that meet the Paris Agreement long-term temperature goal), provided 

these are not achieved at the expense of additional CO2 emissions (which would create 

more warming in the long-term). 

 

The future evolution of UK aviation non-CO2 effects will depend strongly on the 

trajectory of UK aviation demand (Box 8.7). In the absence of technological 

breakthroughs that can help mitigate aviation non-CO2 effects, scenarios that 

keep aviation demand lower will sustain lower non-CO2 warming than those with 

higher aviation demands.* It is therefore not appropriate to apply a fixed ratio or 

multiplier to estimate non-CO2 impacts as part of the single basket of GHG 

emissions. However, the UK should attempt to report annually a best estimate of 

the impact of these non-CO2 effects on global temperatures, as they are a 

significant part of aviation’s impact on the climate. 

 

For consistency with the Net Zero target, under which UK GHG emissions are 

reduced to Net Zero to stop contributing to further increases in global temperature 

by 2050, UK aviation non-CO2 effects should also target stopping contributing to 

further increases in global temperature by this same date. Without the 

development of mitigation options for these non-CO2 effects, this would require 

year-on-year demand growth to be reduced to essentially zero by or before 2050.  

 

 
*   Scenarios in which people are most willing to change their behaviour and fly the least would keep non-CO2 

warming from UK aviation below 2018 levels in 2050.  

How UK aviation non-CO2 
warming changes in the future 
depends strongly on the future 
pathway for aviation demand.            

UK aviation non-CO2 warming 
should be capped by or 
before 2050 to align to the 
ambition of ending the UK’s 
contribution to global warming 
by 2050.              

Globally, non-CO2 effects from 
aviation contribute about two-
thirds of the total aviation 
radiative forcing.          
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Box 8.7 
Future UK aviation non-CO2 climate impacts 

We have projected best estimates of the change in non-CO2 warming from UK aviation 

consistent with our exploratory scenarios to 2050 for aviation demand and GHG emissions. 

These estimates rely on the latest synthesis of aviation non-CO2 effects.36   

In 2020, there has been an estimated 60% drop in UK air travel due to COVID-19 

compared to 2019 levels. The short-lived nature of aviation non-CO2 effects means a 

similar percentage reduction in the radiative forcing from aviation non-CO2 effects will 

have also occurred this year. 

There are significant variations in 2050 aviation non-CO2 warming across our exploratory 

scenarios, largely depending on the assumed long-term future aviation demand (Figure 

B8.7): 

• A Baseline trajectory with high growth in activity would see a significant growth in

aviation non-CO2 impacts by 2050, rising by 45% from the level of warming sustained

by UK aviation non-CO2 emissions in 2018.

• Demand management consistent with Headwinds and Balanced Net Zero Pathway
scenarios limits future demand growth but would still see the warming sustained by

non-CO2 effects increase by 7-14% by 2050 compared to 2018.

• The Widespread Innovation scenario reduces aviation GHG emissions through

sustainable aviation fuels and higher efficiency, allowing higher demand than in the

Balanced Net Zero Pathway. However, without additional mitigation options to reduce

non-CO2 effects, this scenario would mean a 24% increase in non-CO2 warming by

2050 from 2018 levels.

• In Widespread Engagement and Tailwinds, there is declining demand, which leads to
the warming sustained by non-CO2 aviation effects falling to 14-19% below 2018 levels

by 2050.

In these scenarios we have not explicitly modelled other technologies that could reduce 

non-CO2 effects (except for electrification), due to the current lack of a robust evidence 

base in this area.  

Potential options being explored include use of low-aromatic sustainable aviation fuels 

(to reduce soot and therefore cirrus formation), development of low NOx engine designs, 

re-routing of aircraft to avoid cirrus formation zones in the atmosphere (although this 

would require more accurate forecasting, and may increase CO2 emissions), or switching 

to electric propulsion or cleaner fuels in these zones.  

Further research and testing are required to quantify the potential of these mitigation 

options, although early stage analysis suggests that they may be able to reduce UK 

aviation non-CO2 warming effects in 2050 by 5-20 percentage-points. 
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Figure B8.7 Warming from UK non-CO2 aviation 
effects in 2050 relative to 2018 

 

Source: Lee, D. et.al. (2020) The contribution of global aviation to anthropogenic climate forcing for 2000 to 

2018. Atmospheric Environment, 244, 117834; CCC analysis. 

Notes: These bars represent a central estimate of the warming from UK aviation’s non-CO2 emissions under the 

exploratory scenarios considered in this report. These are expressed relative to 2018 levels and are based on the 

warming equivalent emissions metrics from Lee et.al. (2020). There is substantial uncertainty in the absolute size 

of non-CO2 warming effects from aviation, but the relative changes across scenarios are expected to be more 

robust. The UK aviation passenger demand growth across these scenarios are (2050 relative to 2018): Balanced 

Net Zero Pathway = +25% (no net airport expansion), Headwinds = +25%, Widespread Engagement = -15%, 

Widespread Innovation = +50%, Tailwinds = -15%, Baseline = +64%. 
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5. The need to adapt to a changing climate 

This section summarises the evidence that indicates climate impacts will continue 

to increase even under a rapid reduction in global emissions and could be greater 

still if global emissions reductions are not sufficiently rapid to achieve the Paris 

Agreement.  

 

This emphasises the need for the UK to adapt to the effects of a changing climate 

and support climate-vulnerable countries around the world to adapt to climate 

impacts as part of its contribution to the global effort to address climate change. 

Planning for a range of climate outcomes is prudent even while also aiming to 

achieve the Paris Agreement.  

 

a) Climate risks continue to increase with additional warming 
 

The overall level of impacts from climate change will increase with every 

additional small increment in warming.  

 

A growing body of research, summarised by the recent IPCC Special Reports and 

Fifth Assessment Report, shows how higher levels of warming levels result in 

increasingly severe and pervasive impacts with effects on humans and ecosystems 

worldwide.  

• 1°C above preindustrial levels: Today’s level of warming is already having 

significant impacts around the world. The frequency of heatwaves has 

increased in most land regions.37 There are demonstrable impacts on heat-

related mortality particularly for elderly and vulnerable people.38 Patterns of 

water availability are changing due to melting land-ice and shifting rainfall 

in some parts of the world. The frequency and intensity of heavy 

precipitation has increased at a global scale due to climate change, with 

knock-on implications for flood risks. Flooding is also increasing in coastal 

areas as climate change pushes up sea-levels. Climate change is being 

increasingly linked with making the conditions for wildfires more likely.39 

Ecosystems and species have been impacted by climate change, with 

many species changing their geographical extent and/or migratory 

patterns. Climate change has affected crop yields, with more negative 

impacts than positive effects.40 

• 1.5°C above preindustrial levels: Impacts at 1.5°C warming will be more 

severe than at present. Hot temperature extremes will increase more 

rapidly than the global average temperature, and over twice as fast in 

some parts of the world (e.g. mid-latitude summers). Across the globe there 

would be around twice as many people affected by river flooding than 

over the recent past.41 The intensity and frequency of heavy rainfall will 

generally increase. Around 6% of insects, 4% of vertebrates, and 8% of 

plants would lose >50% of their current species ranges.42 There will be very 

large impacts on some ecosystems (e.g. coral reefs are projected to 

decline by a further 70–90% at 1.5°C).        

2°C above preindustrial levels: At 2°C warming many regions will 

experience considerable and damaging climate change impacts 

including extreme weather and associated detrimental effects on water 

availability and food production. Heat-related mortality risks increase 

beyond the risks at 1.5°C. Across the globe there would be around a 170% 

increase in the number of people affected by river flooding than over the 

Climate impacts increase with 
every bit of additional 
warming.               

Significant climate impacts are 
already being experienced 
today.                
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recent past. Widespread damage to ecosystems would occur with the rate 

of climate change likely too fast for many species to be able to migrate to 

regions with compatible climates. Around 18% of insects, 8% of vertebrates, 

and 16% of plants would lose >50% of their geographical range. The risk of 

irreversible loss of many marine and coastal ecosystems (e.g. coral reefs) 

increases significantly for warming at 2°C and above. Risks of 'large-scale 

singularities' in the climate system (e.g. triggering inevitable loss of major ice 

sheets or collapse in the Atlantic meridional overturning circulation) would 

be ‘moderate’ at this level of warming.  

• 3°C above preindustrial levels: Major and severe impacts would be 

experienced worldwide. For example heat waves would become 

prevalent across large parts of the world, with around 4.5 billion people 

exposed to associated serious health risks.43 Risks to land-based ecosystems 

would be very high with around 25% of species expected to lose over half 

of their geographical range by 2100.44 There would be a high risk of 'large-

scale singular events' at 3°C. 

• 4°C above preindustrial levels: Warming and increases in humidity in many 

regions could make outdoor working, for example in agriculture, very 

difficult or even impossible based on people’s current tolerance to heat 

extremes. Many freshwater and land-based species would face substantial 

risk of extinction. Large risks to the functioning of the global food system 

could occur with a substantial chance of large-scale crop failures. Large-

scale failures of food systems and increases in climate-related extreme 

events could contribute to large-scale migration of people around the 

world creating pressures on social and economic systems with difficult to 

predict geopolitical consequences. 

 

Any additional warming is associated with increases in climate change impacts. 

Poorer and more vulnerable parts of society are expected to be relatively more 

exposed to impacts from many of these increasing climate risks. However, the UK is 

not immune from these risks and needs to adapt to the changing climate, even for 

the lower levels of warming. Box 8.8 summarises the impact of different levels of 

global average warming for the UK.  

 

Box 8.8 
Climate change risks for the UK under different global warming levels 

The UK is experiencing climate change impacts today which are predicted to increase 

further under additional future global warming. The UK Climate Change Risk Assessment 

(CCRA) provides a regular assessment of the climate risks (and opportunities) associated 

with different levels of global average warming: 

 

• Current warming level (~1.1°C above preindustrial levels): The UK’s average annual 
temperature has increased by around 1.2°C  relative to pre-industrial levels, sea level 

has risen by ~16 cm since 1900, there is some evidence of increasing heavy rainfall 

depending on the metric used. The likelihood of summer heatwaves such as that in 

2018 has doubled over the past few decades.  

• Less than 2°C above preindustrial levels: If global average warming is kept to the long-

term temperature goal of the Paris Agreement, the UK is predicted to experience 
increased  average annual temperatures of around 0.6°C by 2050, heavy rainfall 

would see an estimated 10% increase, and hot summers like 2018 will occur every 

other year (central estimates). Sea levels around the UK would rise by a further 3 - 37 

cm (by 2060) compared to today and due to the slow response of the ocean to 

climate warming continue to rise reaching 5 - 67 cm above present levels by 2100.  

Additional warming will 
increase the overall level of 
climate risks in the UK. 
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Water deficits could affect around 15% of water resource zones, but it is likely that 

adaptation measures could manage most of the increased risk from flooding and 

water scarcity in 2050, though not necessarily by the end of the century. 

• 3°C or more above preindustrial levels: A global mean warming of around 3°C or 

more by the end of the century would result in a very large increase in seasonal 

changes and weather extremes in the UK.  Winter rainfall could increase by up to 50% 
and summer rainfall decrease by 60% by 2100.  Water deficits across England could 

rise to over 5.5 billion litres per day, and the number of people living in areas of 

significant flood risk would more than double. The UK would also experience centuries 

of sea level rise; with 1 metre or more becoming inevitable. Daily temperatures 
exceeding 40°C could occur every 3-4 years. At this level of warming, significant and 

systemic impacts are projected to occur, and acceptance of impacts might be the 

only viable adaptation strategy in some cases.  

Lower levels of warming are also expected to bring some opportunities and benefits to 

the UK: 

 

• Outdoor activities may become more attractive, helping to promote healthier 

lifestyles. 

• Cold-related deaths would be expected to decline with future warming, though the 

benefits could be largely offset by an increasing elderly population. 

• Growing seasons may lengthen and productivity in agriculture and forestry could 

improve with warmer summers. However, these benefits would only be realised if 

water and soil quality are not limiting, which they could be even at low levels of 

warming. 

Source: CCC (2017) Climate Change Risk Assessment 2017 Evidence Report. 

 

b) A wide range of warming outcomes remains possible  
 
Past global emissions have increased the global average temperature by more 

than 1.1°C above pre-industrial levels, with impacts now being realised around the 

world. While past emissions are not expected to commit the world to significant 

amounts of additional warming above this level, a large fraction of the observed 

warming will be maintained for several centuries even if global CO2 emissions were 

instantaneously reduced to Net Zero according to the latest climate models.45  

 

As global emissions continue, warming, and climate impacts, will increase:  

• Additional warming is expected even under the most ambitious global 
emissions pathways and best-case climate outcomes. Under global 

emissions trajectory reaching Net Zero CO2 emissions around 2050 

additional warming of over 0.2°C is expected by mid-century in nearly all 

possible climate outcomes.46 The recent estimates by the WCRP assessment 

on climate sensitivity suggest that inevitable levels of warming may be 

slightly higher than this, further emphasising the need to improve 

preparedness for additional climate impacts.   

• Under global emission reduction scenarios that aim to deliver on the Paris 
Agreement, exceedance of 2°C warming still remains possible. Our 

modelling of the climate outcomes consistent with a rapid global reduction 

in CO2 emissions to Net Zero by 2060 suggests that there remains a chance 

(around 10 – 20% probability) of seeing warming exceed 2°C by 2100 even 

if this scenario was successfully delivered.  

• Current global pledges are still insufficient to deliver on the Paris Agreement 
and central expectations of future warming are for higher levels. Under a 

continuation of the global ambition needed to achieve current 2030 

emissions targets, the median estimate of warming in 2100 is around 3°C 

with further rises after 2100 (Figure 8.7).  

Best case scenarios will see 
some inevitable increase in 
climate risks.                  

It remains possible that 
warming could exceed 2°C 
even under rapid global 
decarbonisation scenarios.                   
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Recent commitments from large emitters such as the US and China to 

reach Net Zero by 2050 could, if achieved, lower the median level of 

expected warming to around 2.3 – 2.4°C above pre-industrial levels by 

2100, but are not sufficient on their own to achieve the Paris Agreement.47 

Increased ambition towards trajectories expected to be consistent with the 

Paris Agreement would bring rapid benefits in terms of reduced rate of 

warming and the climate risks experienced, reducing 2020 to 2050 warming 

by up to 0.3°C. 48   

• Very high levels of warming and climate impacts could be possible under 
current global ambition for emissions reductions. Under global emissions 

scenarios consistent with the ambition of present NDCs continued across 

the rest of the century, there remains a significant possibility of warming in 

excess of 4°C by 2100, with associated very high levels of climate impacts. 

Higher warming also increases the risk of low likelihood, high impact events 

including abrupt or very fast rates of climate change, and irreversible 

changes, some of which could then accelerate global warming further. 

 

The climate impacts being felt today, the inevitability of future increases in climate 

risk and the wide range of climate outcomes possible over the rest of the century 

all highlight the importance of continued and increasing effort on preparing for 

climate risks alongside emissions reductions. The CCC’s Adaptation Committee has 

advised the Government that it needs to implement resilience measures for a 

minimum 2°C warming level and should also include consideration of adaptation 

planning for up to the 4°C level. The Adaptation Committee’s latest report to 

Parliament shows that the UK is not yet prepared for the 2°C level, let alone the 4°C 

level.49  

  

The current level of global 
emissions reduction ambition 
means warming exceeding 
4°C by 2100 cannot be ruled 
out.                   

The UK should be planning for 
a range of climate outcomes 
as part of effective adaptation 
policy.                    

Our assessment of adaptation 
progress suggests that the UK is 
falling short.                     
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Figure 8.7 Global temperatures projections for 
a global emissions scenario consistent with 

current global ambition for 2030 emissions 
reductions 

 

Source: UK Met Office; CCC analysis. 

Notes: Future temperatures are expressed relative to the 2006-2015 reference period from IPCC-SR1.5 and offset by 

0.870C to express warming relative to preindustrial levels. A median estimate of additional feedback is used for the 

green trajectory shown here. This scenario is one in which current commitments for emissions reductions in 2030 are 

achieved with a similar decarbonisation effort continued over the rest of the century. 
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Introduction and key messages 
 

Our recommended Sixth Carbon Budget (i.e. a 78% reduction in emissions from 

1990 to 2035), requires faster progress prior to 2035 than it does thereafter to 2050. 

Emissions must fall by an annual average of 21 MtCO2e from 2019 to 2035, then by 

an annual average of 13 MtCO2e to 2050. As a percentage of the previous year’s 

emissions, the emissions reduction generally increases over time, given the falling 

level of remaining emissions (e.g. an emissions reduction that would represent a 

10% reduction in 2040 might be a 50% reduction in 2049). 

 

The shape of our emissions trajectory is an outcome of our bottom-up scenario 

construction, reflecting the principles that we have built into them (see Chapter 1). 

This chapter addresses the question of whether it would be better to act more 

slowly and benefit later from learnings that lead to lower costs and having longer 

to scale up solutions. The Committee concludes that it would not be appropriate 

to act more slowly, reflecting four key considerations laid out in this chapter: 

• The UK’s global contribution. Delivering the goals of the Paris Agreement 

requires deep global emissions reductions over the next decade as well as 

reaching global Net Zero emissions of long-lived greenhouse gases (GHGs) 

in the longer term. To align to the Paris Agreement, UK carbon budgets 

must reflect the ‘highest possible ambition’ for near-term emissions 

reduction. This is particularly important given the UK’s role as President of 

COP26. Minimising the cumulative emissions of long-lived GHGs on the path 

to Net Zero, alongside ambitious reductions in other GHGs will keep the 

contribution from UK territorial emissions as low as possible.  

• Investing for the recovery, and for the future. The changes under our 

pathways are highly capital-intensive. The required investment programme 

can help boost the UK’s economic recovery from the COVID pandemic to 

the benefit of GDP and employment (see Chapters 5 and 6). Record-low 

interest rates currently provide a further reason to fast-track investments. 

Investing in low-carbon solutions will ensure that the UK is preparing for the 

future as the world increases its ambition on climate action. A slower 

emissions reduction would mean a smaller investment programme and a 

lower boost to the economy and jobs, with greater risk of stranded assets 

from high-carbon investments. 

• Building on current momentum. Our proposed budget would send a clear 

signal that the UK is open for low-carbon investment. Since the UK set its Net 

Zero 2050 target in mid-2019, considerable momentum has built in 

businesses, in local/regional Government, in policymaking and in the UK 

population at large. Net Zero has brought a clarity that all emissions must 

go, and that no sector can be left behind. Our proposed budget aims to 

extend that clarity to the coming 15 years by requiring strong action across 

every emitting part of the economy. A weaker carbon budget would 

undermine that clarity, adding risk and costs to businesses looking to 

support the transition to Net Zero in 2050.  

• Making progress in every sector. Our bottom-up scenarios (described in 

Chapters 2 and 3) reflect the challenges and opportunities in every sector 

of the economy in reducing emissions towards Net Zero. Our pathways 

reflect the need to make progress to prepare for the 2050 target, and the 

benefits of making that progress. The pathways see the most rapid 

emissions reductions over 2025-2035, once opportunities have been 

created during an initial period to develop low-carbon supply chains, 

markets and infrastructure. 

These rapid near-term 
emissions reductions are 
essential to the aims of the 
Paris Agreement. 

Our pathway for emissions 
reduces more quickly before 
2035 than afterwards. 

Several considerations, 
reflected in our scenarios, 
points to rapid action to 2035. 

The time is now right to make 
the investments to get on track 
to Net Zero and help the 
economic recovery. 

Our Sixth Carbon Budget 
would send a clear signal to 
UK businesses investing in low-
carbon solutions across the 
economy. 
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• Cost-saving opportunities. Many low-carbon choices can save money 

compared to high-carbon alternatives. These include improvements to 

energy efficiency and resource efficiency across the economy, 

deployment of wind farms, and a rapid shift towards electric vehicles. We 

have included deployment of these at a rapid but feasible rate. 

• Health benefits. Our Balanced Pathway features actions over the next 15 

years that would both reduce emissions and have significant benefits to 

health. These include people choosing to adopt healthier diets, exercise 

benefits of walking and cycling, improvements to the quality and comfort 

of the UK housing stock and improvements to urban air quality both 

through switching away from cars and widespread uptake of electric 

vehicles. 

• Innovation and option creation. Our Balanced Pathway assumes some 

deployment in the 2020s of technologies that are not yet fully mature, such 

as those for hydrogen production and use (e.g. turbines, boilers), carbon 

capture and storage (CCS), and greenhouse gas removals. This 

deployment will help to prove their performance and drive cost reductions 

through ‘learning by doing’, as has been so successful for offshore wind 

over the last decade, as well as creating greater optionality for potential 

subsequent deployment.  

• The ‘critical path’ to Net Zero by 2050. Some aspects of the transition require 

immediate and concerted action to make the necessary progress in time 

to contribute fully to Net Zero by 2050. These include planting trees and 

restoring peatlands, in order to allow these to sequester the necessary CO2 

by 2050, and deployment of decarbonised heating solutions for buildings to 

build a supply chain for full roll-out in later years. 

• Limiting reliance on greenhouse gas removals. While reaching Net Zero will 

require some level of engineered greenhouse gas removals (see Chapter 

2), these should not be relied upon to deliver unlimited offsets to remaining 

positive emissions. As well as being relatively immature technologically, 

there are limits to the quantity of sustainable bioenergy available to the UK, 

while direct air capture of CO2 will be energy-intensive. A more back-

ended path for emissions has less scope to correct should things go wrong, 

risking an over-reliance on removals and/or missing the Net Zero target. 

 

A slower path would fail to meet the criteria set out by the Climate Change Act. It 

would risk missing the 2050 target, fail to fulfil the UK’s commitments under the Paris 

Agreement and undermine UK leadership ahead of the UN climate talks at COP26, 

store up higher costs for later on and risk missing opportunities for economic growth 

and to drive down costs through deployment, and it would fail to encourage the 

actions to improve people’s health. 

 

We also consider in this chapter whether setting a legal target requiring a quicker 

path than that under the Balanced Pathway would be desirable. We conclude it 

would not, based on current understanding of technologies and behaviours. A 

quicker path would potentially go beyond feasible rates of deployment, given the 

need to engage people, and to develop supply chains, infrastructure and 

markets. The results of a faster path could also include widespread premature 

scrappage of assets such as boilers and vehicles, and/or carbon leakage to other 

countries. 

 

 

 

 

 

Our scenarios prioritise 
reducing existing emissions, in 
part to avoid reliance on 
excessive greenhouse gas 
removals to reach Net Zero. 
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A faster path may prove possible in future if technologies develop more quickly 

than we assume and/or people prove more willing to adopt new technologies 

and choose greener lifestyles. If it proves possible, then such a quicker path would 

be desirable given the difficulty in achieving the more ambitious end of the Paris 

Agreement objective (i.e. limiting global warming to 1.5°C). 

 

This chapter draws on evidence from earlier in the report, to explain why this path is 

the right one for emissions on the way to Net Zero. It is set out in four sections: 

1. Delivering on the Paris Agreement 

2. Supporting the recovery and maintaining momentum 

3. Making progress in every sector 

4. Why the recommendation does not require faster progress 

 

  

This is the right path for now, 
but it would be desirable to go 
further if that turns out to be 
feasible. 
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1. Delivering on the Paris Agreement 

The impact of CO2, and other long-lived greenhouse gases, on the global climate 

is primarily a result of their cumulative emissions (see Chapter 8). To meet the goals 

of the Paris Agreement the world must reach Net Zero CO2 (and ultimately long-

lived GHG) emissions and do so quickly enough to keep cumulative emissions 

sufficiently low up to that point. The contribution of any country’s territorial 

emissions to global temperature therefore reflects both the date at which it will 

reach Net Zero and the pathway it follows to get there. 

 

For example, the IPCC’s Special Report on Global Warming of 1.5°C concluded 

that in order to limit expected global temperature rise to 1.5°C the world would 

need to: 

• Reduce global CO2 emissions to Net Zero by around mid-century. 

• Reduce global CO2 emissions by around 45% from 2010 to 2030. 

• Reduce global non-CO2 emissions deeply. 

 

Recent developments in global climate ambition appear to be aligning to the 

global objective on Net Zero. Commitments to reach Net Zero by 2050 have been 

made by the EU, Japan, South Korea covering all greenhouse gases, and the 

incoming US administration has also committed to Net Zero by 2050. China has also 

recently made a commitment to reach carbon-neutrality by 2060. However, a 

large global ambition gap remains for 2030, with the EU the only one of the above 

proposals to be accompanied by a strengthened 2030 target (agreement on this 

target still needs to be reached across EU member states). 

 

Increasing ambition to 2030 must therefore be a key goal for the UK’s Presidency of 

the delayed UN climate talks (COP26). To support that goal the UK must itself 

adopt an ambitious interim goal, as implied by our recommended pathway for the 

Sixth Carbon Budget. 

 

In Chapter 7 we compare our recommended Balanced Net Zero Pathway to the 

Paris Agreement and conclude that it is consistent, but should not be any slower:  

• Our proposed pathway is comparable to that being adopted by other 

climate leaders such as the EU, and could help the UK support necessary 

increases in global ambition for emissions reductions by 2030 as part of a 

group of ambitious countries and through its COP26 Presidency.  

• Our proposed pathway requires that the UK deploy low-carbon options 

around the same time as other climate leaders and slightly before their full 

global roll-out is needed in 1.5°C-consistent pathways. 

• While our proposed pathway sees UK per person GHG emissions aligned to 

those needed from the world as a whole in a 1.5°C consistent scenario over 

the Sixth Carbon Budget period, cumulative long-lived GHG emissions per 

person over the whole pathway would be at the very limit of the range 

consistent with a 1.5°C-aligned trajectory for the world as a whole. Top-

down allocations of effort according to equity principles are not formally 

used within the Paris Agreement, however several of these principles 

suggest that the UK (as a developed country with relatively high wealth 

and historical responsibly for climate change) should be aiming to go 

beyond even this level.  

 

The UK’s Net Zero commitment 
is now one of many globally, 
but more ambition and action 
is required for 2030. 

The recommended Sixth 
Carbon Budget should be 
considered as the minimum 
level of action required to 
meet the UK’s commitments 
under the Paris Agreement. 
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In Chapter 7 we set out how our proposed pathway can be considered a ‘fair and 

ambitious’ contribution towards the goals of the Paris Agreement. However, the 

structure of the Paris Agreement, scientific understanding linking every additional 

reduction in emissions with more avoided climate impacts, and the range of 

different possible framings of ‘fairness’ can provide valid reasons for even more 

ambitious emissions reduction in the UK. 

 

The binding constraint on the ambition in our Balanced Net Zero Pathway is the 

Committee’s judgement over what represents a feasible basis for an ambitious yet 

deliverable territorial emissions reduction pathway in the UK for the basis of setting 

legally-binding targets under the Climate Change Act. The credibility of targets set 

by the UK under the Climate Change Act and the Paris Agreement is an important 

part of our international signalling that the UK is serious about reducing emissions 

and will deliver on the targets that it sets. The UK should also be aiming to support 

the global effort to reduce emissions in other ways alongside its domestic emissions 

reductions (Chapter 7).   

 

Should more rapid emissions reductions in UK territorial emissions action turn out to 

be feasible (e.g. as in our Tailwinds scenario), as a result of positive developments 

on societal/behavioural changes and innovation, then ambition should increase, 

rather than allow this to be taken as an opportunity to ease off effort elsewhere. 

The Balanced Pathway should be seen as the minimum level of ambition for the 

UK’s pathway to Net Zero, with opportunities taken to go further than it where 

possible.  

 

Even if it were possible to delay effort while still achieving Net Zero by 2050, this 

would result in higher cumulative emissions. Higher cumulative emissions would 

lead to a worse climate outcome, and a more back-ended path would also 

undermine the UK’s ability to demonstrate international leadership: 

• Chapter 8 shows that a stylised pathway achieving Net Zero by 2050 but 

with limited action to reduce emissions over the 2020s would lead to a 

significantly higher contribution to global warming from UK territorial 

emissions over the 2020 – 2050 period. As well as leading to avoiding 

additional climate impacts, if replicated globally this would make it 

extremely difficult to keep warming to the 1.5°C end of the Paris Agreement 

long-term temperature goal.   

• The influence from UK action to global action is currently at its strongest as 

the UK hosts the next UN climate talks. These talks are aimed explicitly at 

increasing global effort to 2030. 

• The more challenging and costly parts of our recommended trajectory – 

decarbonising buildings and industry, and scaling up CO2 removals from 

the atmosphere – are also the areas where the UK has a particularly 

important leadership role in helping (alongside other climate leaders) to 

develop new global markets and technologies (see Chapter 7). Without 

action from the UK (alongside others) to develop and deploy this new 

wave of deeper decarbonisation options, the rapid and large-scale global 

deployment of these technologies that is needed to reduce global 

emissions in line with the Paris Agreement would not be credible.   

 

These factors provide a compelling argument that without pursuing ‘highest 

possible ambition’ across the entire pathway to Net Zero, as required by our 

recommended Sixth Carbon Budget, the UK would not be satisfying its obligations 

under the Paris Agreement.  

 

 

It is important that the 
recommended pathway be 
both ambitious and feasible. 
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2. Supporting the recovery and maintaining momentum 

Much has changed since we published our Net Zero advice in May 2019. Net Zero 

by 2050 is now law in the UK. It has since been recognised as the ambition for 

around half of the world’s emissions (and rising). In the UK more and more 

businesses, people and local authorities are recognising the need for, and taking, 

climate action. This year the COVID-19 pandemic has created a vast public health 

crisis and has had a profound economic impact. 

 

The months ahead have huge significance. The steps that the world and the UK 

take to rebuild from the COVID-19 pandemic and its economic damage can 

accelerate the transition to low-carbon activities and improve our climate 

resilience. Short-term choices that lock in emissions or climate risks must be 

avoided. The window for increasing global climate ambition is now. 

 

This section consists of two subsections: 

a) Investing in a green recovery 

b) Building on existing momentum 

 

 

a) Investing in a green recovery  
 

The investment programme detailed in Chapter 5 of this report suggests that a 

large scale-up of low-carbon investment in the 2020s is ambitious, but achievable. 

It is financeable and can boost jobs and GDP, and it will lead to significant 

operating cost savings over the longer term. Similarly, there is strong evidence, set 

out in our 2020 Progress Report to Parliament and elsewhere, to support a range of 

low-carbon and climate adaptation 'green stimulus' measures.1 Many can be 

delivered quickly and have high multipliers, high numbers of jobs created, and 

boost spending in the UK.  

 

In our 2020 Progress Report we suggested that action by the Government in 

response to the pandemic must protect workers and businesses, restore 

confidence, stimulate spending and rebuild the economy. These goals can be 

strongly complementary to the UK's climate goals. We noted that green stimulus 

measures tend to have higher short-run economic multipliers that increase the 

effect on GDP of each investment and higher numbers of jobs created, as well as 

co-benefits for health and the natural environment.  

 

The investment programme in our Balanced Pathway fits the conditions for a 

successful green stimulus programme. It includes new additional investment in all 

emitting sectors, compared to a scenario with no further climate action. These 

investments align to areas that we’ve previously identified as being strong green 

stimulus measures, including: 

• Low-carbon building retrofits and buildings that are fit for the future. Our 

scenarios involve retrofit of 13 million homes by 2030. Importantly, this 

programme is geographically dispersed, reaching all areas of the UK, with 

the potential to create local jobs. Estimates outlined in Chapter 6 suggest 

potential for over 200,000 new jobs in this sector by 2030, equivalent to 

close to 1% of the UK workforce.  

 

Our Sixth Carbon Budget 
advice fits into a context of 
increasing climate ambition, 
and a green recovery from the 
pandemic. 

Our low-carbon investment 
programme contains strong 
‘green stimulus’ measures that 
can deliver decarbonisation 
while boosting economic 
growth. 

These investments can deliver 
a boost to jobs in buildings 
retrofit, low-carbon energy 
and natural capital. 
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• Natural capital investments in tree planting, peatland restoration and green 
infrastructure. Tree-planting increases to up to 30,000 ha annually by 2030, 

up from 13,000 hectares per year today, and twice the current level of 

restored peatland is restored by 2030.  

• Strengthening energy system networks and building low-carbon power. Our 

scenarios see a rapid increase in electrification, supported by resilient grid 

infrastructure and underpinned by an expansion of renewable electricity. 

• Infrastructure to make it easy for people to walk and cycle, leading to a 

shift in journeys away from private cars.  

• Moving towards a circular economy by ensuring that product design 

maximises re-use of materials and minimises waste over the product’s 

lifetime, leading to lower emissions in industry.  

 

In total, our Balanced Pathway entails increased annual low-carbon investment of 

around £50 billion by 2050. That scale-up in investment can support the recovery in 

the near term and draw on record-low interest rates. In the longer term, it brings 

pay-offs in terms of reduced operating costs (reaching £60 billion per year by 

2050), broader benefits to health and the environment, as well as reduced 

emissions. 

 

Our recommended Sixth Carbon Budget would send a clear signal that the UK is 

open for low-carbon investment. It could bring wider economic opportunities from 

capturing a share of the value from growing global markets for low-carbon goods 

and services. A slower transition that continues to invest in high-carbon assets 

could result in stranded assets or store up difficult transitions in future. 

 

b) Building on existing momentum 
 

Momentum in the UK is building towards the UK’s Net Zero objective. 80% of the 

public are concerned about climate change and 66% of people are now aware 

of ‘Net Zero’ specifically, up from around half of people earlier this year.2 Similarly, 

businesses and local authorities continue to produce ambitious pledges and 

deliver climate action, with businesses, including oil and gas companies, pledging 

their own Net Zero targets, and the majority of local authorities now having 

declared climate emergencies.  

 

Work is underway across all areas of Government, led by two new Cabinet 

Committees on climate. Taken together, this can be seen as a foundation for a 

comprehensive programme of climate action and investments in the 2020s:  

• Policy development is underway across all areas of Government, including 

on at least seven key decarbonisation strategies and plans across energy, 

transport, land use, manufacturing and buildings in anticipation of a 

comprehensive Net Zero Strategy from Government in 2021. The Policy 

Report that accompanies this advice offers detailed recommendations 

about what these strategies should include.  

• Businesses are at the forefront of the UK’s climate ambition, with 45% of FTSE 

100 businesses with Net Zero objectives. Increasingly, businesses are 

delivering on these ambitions, by procuring low-carbon electricity, 

switching to electric vehicles and decarbonising their own operations. The 

Confederation of British Industry (CBI) has called on the Government to 

capitalise on this through a ‘decade of delivery’ of climate action.3 We set 

out how action by businesses can align to the UK’s Sixth Carbon Budget 

pathway in a briefing note that accompanies this report (Box 9.1).4 

Businesses and local authorities 
are calling for Government to 
lead an ambitious programme 
of climate action in the 2020s. 
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• Local and regional Governments are looking to lead the way on local 
delivery of Net Zero. The majority of local authorities have now set Net Zero 

targets, many of which are more ambitious than the UK’s national 

objective. Increasingly they are looking for support from Government, and 

a framework within which effective climate action can be coordinated. 

We are publishing a briefing note on how local and regional authorities can 

align their actions to the goals of the Sixth Carbon Budget alongside this 

report.5  

• People are increasingly aware of the need for climate action and are 

looking to have a say about how best to go about it.  However a gap in 

understanding remains: while 66% of people are aware of the concept of 

Net Zero, only half are aware that their gas boiler produces emissions.6 The 

recent Climate Assembly, where a representative sample of the UK 

population deliberated around how best to achieve the UK’s Net Zero 

objective, emphasised the need for immediate action, as well as involving 

people in the decision-making process. Our accompanying Policy Report 

offers recommendations on a public engagement strategy for Net Zero. 

 

There are also potential economic opportunities from near-term action, as noted in 

Chapters 5 and 6.  

 

Box 9.1 
The role of business in delivering the Sixth Carbon Budget 

Corporate action is already driving significant change across the UK and internationally, 

and accelerating this action will enable the policy, technological, behavioural, and 

business model changes needed for a zero-carbon society. Yet many businesses within 

the UK are increasingly looking for information and a better understanding of the future 

context in which they will operate. 

 

Alongside our advice on the Sixth Carbon Budget we have developed a briefing note, 

published alongside this report, on how businesses in the UK can act to support the UK’s 

transition to Net Zero. This suggests the following principles to guide business ambition in 

the UK:  

 
• Do the basics well – measure, disclose, target, act, adjust. Companies should account 

for, and take action on, all emissions they are responsible for and be transparent 

about their objectives to reduce emissions, and how they plan to do it.  

• Adopt the highest possible ambition, acknowledging that some, particularly large, 

businesses may be able to achieve Net Zero earlier than the UK’s national objective. 

• Address all emissions, and go beyond. In particular companies should look at the 

emissions that occur in their supply chains (‘Scope 3’ emissions), and go beyond this. In 

particular we identify two areas to advance progress:  

– Companies can lead the transition to electric vehicles in the UK, and should 

switch their vehicle fleets to EVs over the 2020s 

– Companies should ensure corporate renewables procurement pays for new 

low-carbon electricity to be installed, rather than just purchasing existing 

renewables. 

• Ensure Climate Change is addressed at the highest levels of corporate leadership, 
including ensuring climate action is given board level and CEO responsibility.  

• Minimise offsets, phase them out, and ensure only permanent emissions removals 
remain, in line with our recommendations around how the UK should meet its national 

carbon budgets.  
 

Source: CCC (2020) The role of business in delivering the UK's Net Zero ambition 

 

 

People in the UK are 
increasingly aware of the 
concept of Net Zero, and 
want to be involved in 
decisions on how to get there.  
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3. Making progress in every sector in the 2020s 

The scenarios we set out in Chapters 2 and 3 demonstrate that action is needed 

across the economy for the entire period from now through to 2050. The scale-up 

over the coming decade arguably will be the most challenging part of the 

programme, and the most fundamental to delivering the Net Zero 2050 target. 

Delivering that scale-up will depend on effective policy being developed in the 

coming year and rolled out over the rest of this Parliamentary term (to 2024). This 

Government must be the one to shift the UK decisively onto the path towards 

ending our contribution to global warming. 

 

The pathways to Net Zero laid out in this report broadly involve two distinct phases 

for UK climate policy, with the next decade being vital: 

• The 2020s: scale-up. The UK must build supply chains and new markets for 

low-carbon consumer offerings (e.g. electric cars and heat pumps) so that 

these can scale from being niche offerings to dominate the market and 

fully push out high-carbon alternatives by 2030 or soon after. Alongside, we 

must develop and scale up new options for industrial decarbonisation such 

as carbon capture and storage (CCS), low-carbon hydrogen and 

engineered emissions removals. Tree planting rates must increase from 

13,000 hectares per year today to 25,000 hectares per year by 2025 and 

perhaps higher by 2030. 

• From the early 2030s to 2050: roll-out. Having scaled up the required 

markets, these will then take around 15 years to flow through the stock of 

vehicles and houses. Instruments driving implementation in industry and 

land use should be well developed and continue to drive roll-out at similar 

rates. But policy will be less about aiming to scale up markets, instead 

focusing on continuing achieved rates of roll-out, tackling emerging barriers 

and systems challenges and ensuring fairness across society. 
 

Our scenarios have been developed with a particular attention to the pace at 

which change is feasible, allowing time for supply chains to scale up and for 

consumer choices to change. They move in step with the natural turnover of long-

lived assets like vehicles and boilers, avoiding increases in embedded emissions or 

emissions leakage. 

 

This section considers three particular aspects of our analysis that have led to  

the pace of emissions reduction in the Balanced Net Zero Pathway: 

a) Taking low-cost opportunities and realising co-benefits 

b) The need for progress by 2030 to reach Net Zero by 2050 

c) Learning-by-doing, demonstrations and pathfinders 

 

 

 

 

 

 

 

 

 

 

Progress across every sector in 
the 2020s can ensure the 
conditions are set for a mass 
rollout of low-carbon 
technologies over the 2030s.  
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a) Taking low-cost opportunities and realising co-benefits 
 

There are opportunities to reduce greenhouse gas emissions that would be worth 

taking, even ignoring the climate benefits, because they save costs or have 

substantial co-benefits (e.g. to health). These opportunities might not have been 

taken previously, due to barriers to uptake, a lack of joined-up policy or the cost 

reductions only having occurred recently: 

• Barriers. There remains considerable potential for reducing demand for 

energy and materials, much of which would also be cost-saving or have 

small net costs, but where barriers to date have stopped some of these 

opportunities being taken up: 

– Improvements to home energy efficiency have stalled in the last eight 

years, despite remaining cost-effective potential, due to changes to 

policy that have failed to address barriers properly, including 

information and the cost of finance. 

– There are considerable opportunities to improve the resource 

efficiency of our economy, thereby reducing the need for carbon-

intensive manufacturing, that are currently not being taken, even 

though they would reduce costs to consumers. These include 

designing products to last for longer and to be suitable for repair and 

re-engineering, increasing sharing of vehicles and appliances, and 

reducing waste.  

• Co-benefits. A range of measures that reduce emissions also bring co-

benefits to society, most notably for people’s health. Many of these have 

small or negative financial costs, and would make sense to pursue even if 

considering either climate action or health in isolation. Measures that would 

bring overall net benefits to society when considering these wider benefits, 

include increases in walking and cycling, better diets, improving home 

insulation and measures that improve air quality. Chapter 5 contains a 

summary of the main co-impacts of our scenarios. 

• Recent reductions in costs, especially of renewable electricity generation 

and batteries over the last decade, mean that zero-emissions technologies 

are set to become cheaper than the high-carbon alternatives: 

– Renewables. Recent cost reductions for renewable electricity 

generation have enabled it to become competitive with new fossil 

power plants for bulk electricity generation. The auction results of 

£39/MWh for offshore wind* have been particularly important for the 

UK, because of the large potential for UK deployment and the positive 

correlation with energy demand in the UK. Given the strategic 

importance of electrification across the whole economy, recent 

Government announcements on allowing onshore wind and solar to 

compete in auctions and for a target of 40 GW offshore wind 

deployment by 2030 are very welcome. 

 

 

 

 

 
 
* The auction results are quoted as standard in 2012 prices. £39/MWh in 2012 prices equates to £45/MWh in 2019 prices. 

Many of the actions in our 
scenarios are cost-effective, 
and have substantial co-
benefits, even if the climate 
benefits are ignored. 

A rollout of cheap low-carbon 
power and electric vehicles 
builds on global trends for 
these technologies. 
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– Electric vehicles. Similarly, the costs of batteries, and therefore of 

electric vehicles, have fallen dramatically over the past decade. This is 

likely to lead to electric vehicles being competitive with those of petrol 

and diesel vehicles in terms of upfront costs by 2030 and, given large 

savings in running costs, earlier on a whole-life basis (Figure 9.1). A 

phase-out of petrol and diesel vehicles by 2030 will save money, 

improve air quality and reduce greenhouse gas emissions. 

 

Pursuing this set of measures is a win-win to improve the UK’s wellbeing and 

economic health, while also helping to meet the climate targets. While difficult to 

forecast accurately, action in the 2020s to reduce emissions will also potentially 

create a range of economic opportunities (see Chapter 5). 

 

Figure 9.1 Impacts of alternative phase-out dates 

for new petrol and diesel cars and vans 

 

Source: CCC analysis. 

Notes: Comparison between the annual cost to society (cost of vehicles, infrastructure, fuel and maintenance) of 

the EV transition under three phase-out dates for new petrol and diesel car and van sales (including PHEVs): i) 2030; 

ii) 2032 (as in our Balanced Net Zero Pathway); and iii) 2035. 
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b) The need for progress by 2030 to reach Net Zero by 2050 
 

The dynamics of decarbonisation vary both across and within sectors. There are 

some measures to reduce emissions for which the timing is relatively flexible 

between now and 2050, where there are relevant arguments to be made over 

their timing (as set out in other sections of this Chapter). 

 

In other areas, however, there is no real flexibility on timing – immediate and 

concerted action is required to get on track to making a full contribution to 

achieving Net Zero by 2050. This lack of flexibility can be for a range of reasons, 

including the need to scale up supply chains (and associated jobs – see Chapter 

6), the need for long-term certainty in order for businesses to transition to new 

business models, as well as ensuring low-cost financing of the investments in our 

scenarios (see Chapter 5) and avoiding boom-bust cycles for industry: 

• Stock turnover. Typical asset lifetimes are around 15-20 years, for example 

for cars and boilers. Investment should therefore switch entirely from high-

carbon to low-carbon assets by early in the 2030s, apart from such 

exceptions that have a clear route to cost-effective retrofitting (e.g. 

hydrogen-ready boilers in an area designated for hydrogen roll-out). Any 

later switch-over date would imply early capital scrappage, which could 

be costly, would undermine investment cases, would increase embedded 

emissions* and would make a just transition more difficult to achieve as it 

would imply stop-go replacement profiles. 

• Lead-times. Reaching a point at which all new investment is in assets that 

are compatible with Net Zero cannot happen overnight. Lead-times from 

policy to investment and impact, together with the need to scale up 

markets, supply chains and supporting infrastructure, as well as public 

acceptance of new solutions, means most policies must be at least 

outlined in the coming year and firmed up this Parliamentary term (by 2024 

or earlier). That should be a realistic goal given that policy is under active 

development in most of the required areas. 

  

Importantly the scale-up must include all areas of decarbonisation, including 

solutions to reduce emissions today, and technologies that will be required to 

remove emissions from the atmosphere in the future.  

 

We have considered the dynamics of emissions reduction across all areas of the 

economy, and identified areas where these constraints make immediate and 

concerted action necessary to get on track to Net Zero. A failure to get on with 

action in the buildings and land use sectors could lead to unnecessary scrappage 

and disruption and/or an over-reliance on engineered greenhouse gas removals: 

• Buildings. There is minimal room for delay if UK buildings are to reach zero 

emissions by 2050, given the need to scale up low-carbon solutions in the 

2020s in order to phase out installation of fossil fuel heating installations in 

the early 2030s. Delays to this timeline would imply costs and disruption of 

scrappage in the 2040s, and could risk failing to reach Net Zero by 2050:  

– A delayed path for rolling out low-carbon heating would require 

accelerated deployment in the 2040s, potentially going well beyond 

the natural replacement rate of heating appliances. This would imply 

much more early scrappage of fossil fuel boilers in the 2040s, 

increasing costs and disruption for households.  

 
 
* I.e. the emissions involved in the production and end-of-life disposal of assets like vehicles and boilers. 

The pace of our scenarios 
takes into account the need 
to build up supply chains, and 
the need to ensure low-
carbon options are available 
at scale by 2030. 

Progress in all sectors is 
required by 2030. A failure to 
make progress in the 2020s 
would build up risks further 
down the line. 

A failure to make progress in 
buildings could leave 
significant emissions arising 
from the UK’s housing stock by 
2050.  
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Starting the transition as soon as possible also provides the opportunity 

to drive down costs through steady deployment. 

– A more back-ended path including widespread scrappage would 

also need a large temporary increase in supply-chain capacity (e.g. 

to deliver well over 2 million installations annually in the 2040s) to 

deliver the low-carbon solutions in a condensed timeframe. This 

expanded supply chain would then be underutilised post-2050. 

– Failure to make timely progress also risks that the delay cannot be 

compensated for by extra deployment in the 2040s. A five-year delay 

in our Balanced Net Zero Pathway for buildings would lead to 9 

MtCO2e extra in 2050, while a ten-year delay would imply 29 Mt (Figure 

9.2). These would respectively imply 15% and 48% increases in required 

deployment of engineered greenhouse gas removals by 2050. 

 

Figure 9.2 Potential impact of delays to emissions 

reductions in the buildings sector 
 

 

Source: CCC analysis. 

 

 
 

 

 

 

 

A delay to the required 
programme of buildings retrofit 
would put the Net Zero target 
at risk.  
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• Land use. For land-related measures, such as afforestation and peatland 

restoration, there are physical limits to how quickly delays can be caught 

up later on. Natural rates of growth and carbon sequestration cannot 

simply be accelerated. Costs for many measures are low, and they are 

labour-intensive, providing excellent opportunities to support the recovery 

in the 2020s. A five-year delay in our Balanced Net Zero Pathway for land 

use would lead to 6 MtCO2e extra in 2050, while a ten-year delay would 

imply an increase of 13 MtCO2e (Figure 9.3). These would imply 10% and 

22% increases in required deployment of engineered greenhouse gas 

removals, and would substantially increase costs relative to achieving land-

based sequestration.  

 

Figure 9.3 Potential impact of delays to emissions 
reductions in the land use sector 
 

 

Source: CCC analysis. 

 

• Net Zero targets around the world imply that the future of manufacturing 
and construction must be low-carbon. Our scenarios reflect a transition to 

low-carbon manufacturing and construction over the 2020s and 2030s, in 

line with a global transition for this sector. This is reinforced by real-world 

trends. For example, some early projects internationally are already 

demonstrating that hydrogen-based steel production and low-carbon 

cement is possible, and the European cement sector is aiming for Net Zero 

emissions by 2050. Given the increased costs of these processes, 

mechanisms will need to be developed in order to ensure a level playing 

field for low-carbon and higher-carbon processes. Our scenarios reflect an 

evolution of these mechanisms over the 2020s, towards a world where low-

carbon manufacturing scales up globally by the 2030s.  
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A back-ended path for emissions reduction has less scope to be corrected should 

things go wrong, risking an over-reliance on removals and/or missing the Net Zero 

target. 

 

While the strategy for Net Zero should seek to develop and deploy engineered 

greenhouse gas removal options, it should not over-rely on their deployment: 

• As well as being relatively immature technologically, there are limits to 

deployment of engineered removals both in terms of the finite quantity of 

sustainable bioenergy available to the UK and the energy requirements of 

direct air capture of CO2 – in the near term low-carbon energy supply 

should be prioritised for uses that will contribute more efficiently to 

decarbonisation.  

• Costs for engineered removals are also likely to be towards the high end of 

the range for opportunities to reduce emissions, meaning that a greater 

reliance on them is likely to increase costs.  

• Action to develop these technologies, through large-scale demonstration, 

can give confidence in the ability to scale up these technologies further in 

order to meet Net Zero. Reaching 2030 without making progress in these 

areas is likely to increase risk and reduce options for the remainder of the 

transition. 

• The UK Climate Assembly did not favour use of engineered removals. While 

some may be inevitable, they should be a last resort that is used only to 

offset other emissions that cannot be reduced. 

 

Therefore, while reaching Net Zero will require some level of engineered 

greenhouse removals (see Chapter 2), these should not be relied upon to deliver 

unlimited offsets to remaining positive emissions. 

 

c) Learning by doing, demonstrations and pathfinders 
 

Innovation theory and historical experience suggests that the limited amount of 

time available to achieve Net Zero means that although new technologies will 

arise, not all potential innovations will be able to make a significant difference by 

2050 (Box 9.2). Innovation is about much more than just technology, extending to 

business models, institutions, social change and policy development. Furthermore, 

although early-stage research and development is important in establishing the 

viability of a technology, without demonstration and deployment technologies 

cannot be proven at scale and the costs of technologies are less likely to fall.  

 

Our pathways reflect this, scaling up currently known technologies and options to 

reduce emissions over the course of the 2020s, so that by the 2030s mass uptake of 

low-carbon technologies, fuels and behaviours is possible, across all sectors of the 

economy. Our scenarios envisage that a programme of demonstrations, 

pathfinders and ‘learning-by-doing’ allows technologies to be developed, 

commercialised and deployed on realistic timescales, taking into account the 

current status and future potential of technologies. However, we do not assume 

innovation produces unspecified breakthroughs to reduce emissions. If innovation 

occurs at a faster pace than that envisaged in our scenarios, then the UK’s climate 

objectives could be achieved more easily, or more quickly. We also include 

innovation in business models, and behaviour change, resulting in lower emissions.  

Policy frameworks will therefore need to incentivise mass deployment of 

established low-carbon technologies, while driving deployment of some less-

mature solutions, even if these have higher costs than other low-carbon 

technologies in the near term.  

 

A back-ended pathway to 
achieving Net Zero builds in 
risks, including a potential 
overreliance on engineered 
emissions removals.  

Our scenarios do not assume 
that innovation produces 
unspecified breakthroughs to 
reduce emissions.  

Although new technologies 
will arise, not all potential 
innovations will be able to 
make a significant difference 
by 2050. 
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Box 9.2 
Energy innovation theory & historical experience 

Experience suggests that energy technologies take multiple decades to reach 

commercial scale.7 For example, solar panels were invented in the 1950s, but were not 

deployed at scale until the 2000s. Similarly, commercialisation of the modern wind turbine 

is estimated to have taken 40 years.8  

 

In many cases, the biggest driver of cost reductions and technological improvement will 

be through deployment at scale. This has been apparent in the last decade for offshore 

wind in the UK where reduced technology costs and reduced cost of capital now mean 

that generation from offshore wind is the same cost as from a new gas-fired power plant 

(without a carbon price), and the efficiency of the technology has improved.  

 

This trend has also been apparent internationally, where mass manufacture and 

deployment of solar PV panels, onshore wind turbines and batteries have reduced costs, 

while improving efficiencies. Innovation theory suggests that modular technologies such 

as solar panels, wind turbines and batteries continue to reduce in costs in line with 

continued deployment achieved through scale and replication of manufacturing 

processes (a concept known as ‘learning rates’).*9  

 

However, this isn’t always the case. For example, no similar trend has been established for 

the historical deployment of nuclear power stations, which are larger, and therefore less 

easy to replicate.10 Though some cost reductions have occurred in South Korea,11 and 

could be available through improved construction processes and replicable designs in 

the UK,12 and potentially through Small Modular nuclear Reactors (SMRs).13  

 

Global trends are likely to dictate how the scale of deployment affects the cost and 

efficiencies of technologies such as renewables, batteries and electrolysers, though 

multiple studies have highlighted areas where the UK can play a more active role in 

innovation, and where technology innovation can lead to export opportunities for the 

UK.14 This includes CCS, low-carbon hydrogen, offshore wind, novel battery technologies, 

nuclear power, and smart technology for electricity systems. Business model innovation 

will also be important, influenced by policy, and the global role of the UK’s financial 

sector can also play a role in developing, and reducing the costs of low -carbon 

technologies.  

 

• Offshore wind. The UK has been a global leader in offshore wind and will continue to 

play a strong role, supporting a rapidly growing global market for the technology.  

• Carbon Capture and Storage is a critical global technology, and is likely to play a 

strong role in the UK. Demonstration in the UK can prove the viability of high capture 
rates for this technology. Similarly, UK Government action can deliver cost savings in 

the deployment of CO2 transport and storage networks.  

• Low-carbon hydrogen. The UK has a strong research base in hydrogen fuel cells, and 

UK companies are active in the development of electrolyser technologies. 

Additionally, the UK could be a key country in demonstrating advanced methane 

reformation with CCUS.  

• The UK is pioneering research into future battery technologies.  

• The UK is also one of a few global leaders in nuclear power,15 and is one of just a few 

countries considering deploying Generation III nuclear reactors and SMRs.  

• Smart technology such as digital optimisation, design and artificial intelligence to 

optimise the electricity system for integrating renewables into the grid is an area where 

the UK already has prowess, and will be increasingly important in a renewables-centric 

world. 

 

 
*   For example, the cost of solar panels has fallen by around 25% with each doubling of installed capacity for the 

technology, since 1980. See Fraunhofer (2020) Photovoltaics report 
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• Low-carbon heat. Our scenarios suggest a transition to electrification in buildings 

heating could make the UK one of the largest markets for air-to-water heat pumps. 

Cost reductions could be available through increased deployment of this technology. 

• Aeronautics, including emerging research into electric and hydrogen aircraft 

propulsion.16 

• Business models, policy development and financial innovation are also important. For 

example the UK was an early adopter of competitive auctions for renewable 

electricity, which is increasingly the model being used around the world.* Similarly, the 
UK’s Climate Change Act has been used as a model for other countries around the 

world.17 The UK is also recognised as a leader in green and sustainable finance and 

has considerable potential to shape global financial frameworks towards a transition 

to Net Zero.18  

Source: See sources 4-15 in Endnotes.  

 

i) The role of innovation in achieving Net Zero 
 

Particularly in areas where the UK has a key role to play in developing low-carbon 

technologies and business models, acting now both creates viable pathways to 

reach Net Zero and delivers opportunities for cost saving along the way. 

Conversely, delayed action risks higher costs on the pathway to Net Zero, and a 

loss of potential export opportunities for certain technologies.  

 

Established technologies 
 

In some sectors of the economy, near-full decarbonisation can be achieved with 

the set of technologies that is already established (e.g. power generation, 

buildings, light-duty vehicles), recognising that global trends continue to improve 

the efficiency and reduce the cost of these technologies and broaden the range 

of low-cost options. Here, the focus of policy should be on creating frameworks 

that drive deployment at scale in the UK, building on global trends, and allowing 

markets to deliver with low cost of capital, while having the flexibility to enable 

innovative solutions to contribute as they become available.  

 

Establishing clear goals for technology uptake can be valuable in driving 

investment into a sector and reducing the cost of capital. We note the value of 

conditional goals informally available to offshore wind, which promised a large 

future market for the technology contingent on continued cost reductions, 

supported through the competitive allocation of long-term contracts through the 

Contracts for Difference (CfD) scheme.  

 

In some areas, although the technologies exist to reduce emissions to very low 

levels, estimated costs of doing so are relatively high (e.g. for heating buildings, 

emissions removals). Policy frameworks will therefore need to be designed in a way 

that not only drives the necessary decarbonisation, but also in a way that gives the 

best chance of realising and benefiting from cost reductions, and of sharing the 

costs and risks of technology deployment in a fair way.  

 

Where people are adversely affected through higher costs being passed through, 

targeted Government support may be required (see Chapter 6).  

 

 

 
*   A consultancy report, published alongside our advice, notes the opportunities for leading countries such as the UK to 

develop zero carbon power market designs through relevant policies (e.g. contracts for zero emission sources, 

carbon pricing, or policies that address variable renewables and grid balancing) that can then be replicated 

elsewhere. See Vivid Economics (2020) Unpacking leadership-driven global scenarios towards the Paris Agreement. 

Our scenarios involve mass 
rollout of established low-
carbon technologies, 
complemented by progress 
and learning in more 
emerging technologies and 
behaviours.  

Policy frameworks will 
therefore need to be designed 
in a way that gives the best 
chance of realising and 
benefiting from cost 
reductions 
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Where there is uncertainty around the costs or scale of competing low-carbon 

options a portfolio of options should be pursued. For example, floating offshore 

wind turbines are likely to play a role alongside fixed bottom turbines in the future; 

small modular reactors could play a role alongside larger nuclear reactors; blue 

(methane-based) and green (electrolytic) hydrogen can both play a role; low-

carbon hydrogen can provide an alternative to electrification for heavy goods 

vehicles and potentially for heating buildings; BECCS and DACCS can both be 

used for emissions removals at scale.19 Developing these options can give more 

certainty over future scale, and lower costs, of low-carbon options as a group as 

well as broadening the consumer proposition and routes to optimising across the 

energy system.  

 

Emerging technologies and behaviours 
 

Our scenarios also include a range of areas in which solutions have been 

proposed, but innovation will be required to go beyond the reach of established 

technologies or methods, such as in hydrogen, heavy goods vehicles, and carbon 

capture and storage. These also require a policy framework that: enables their 

value to be realised (recognising that initially some solutions will not be cost-

competitive), provides supporting infrastructure, promotes sharing of knowledge to 

underpin commercial development and drives learning-by-doing. 

 

Demonstrations, pilots and pathfinder projects will be required to establish some of 

the low-carbon technologies, business models and behaviours in our scenarios, 

from the early 2020s: 

• Pathfinder cities can be funded to demonstrate the viability of low-carbon 

heat pumps at scale and (if possible) hydrogen at scale, prior to a wider 

roll-out. They should also be used to develop a better understanding of 

whole systems interactions across low-carbon heat, electricity and transport 

and how infrastructure investment can be coordinated efficiently. 

• Demonstrating low-carbon hydrogen at scale can prove the viability of 

low-carbon hydrogen production via methane reformation with CCS, and 

the viability of hydrogen as a consumer offering in homes and HGVs.  

• HGV trials across the three decarbonisation options – battery vehicles, 

hydrogen fuel cells and catenaries – can be used to demonstrate the most 

viable option, or combination of options, for the UK.  

• Improving flexibility in the energy system by rolling out mandatory half-

hourly settlement for energy billing, and supporting cost-reflective charging 

and smart tariffs so as to provide an accurate source of information at 

household level which truly reflects how the electricity system is 

decarbonising and the savings which are accessible through load-shifting. 

This can be part of a wider strategy to encourage and integrate the use of 

data and digitalisation into the UK’s decarbonisation efforts.  

• Direct Air Carbon Capture and Storage (DACCS) could be a future solution 

for removing carbon from the atmosphere, but only a handful of 

demonstration projects exist, and future costs are highly uncertain. 

Demonstration of the technology in the UK during the 2020s can increase 

confidence over the viability and potential of the technology in a UK 

context, as well as globally. 

• Initial CCS demonstration projects, deployed at sufficient scale, can 

demonstrate the high capture rates and efficiencies considered to be 

available to the technology in engineering studies.  

Learning-by-doing is a key 
theme of our scenarios, as 
evidence shows that costs fall 
and technologies improve 
through increased 
deployment. 
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• The need to deploy consumer technologies such as heat pumps and 

electric vehicles at scale will require business models to be tested and 

trialled before being rolled out at scale.  

• Delivering the high levels of societal behaviour change in our scenarios, 

such as diet change, will require a more detailed understanding of how 

policy can influence these changes.  

 
Moving beyond technology demonstration and towards mass deployment will 

require new processes, viable business models and behaviours, in order to reduce 

the need for travel, to promote re-use of materials, reduce consumption of animal 

protein, and increase the uptake of low-carbon technologies.  

 

Where appropriate, Government should play an active role in supporting 

technology development towards commercialisation, while ensuring a move 

towards technology neutrality.  

 

Box 9.3 
Digitalisation and its role in achieving Net Zero 

Digital technology is seen as an important enabler of the UK’s Net Zero transition. 

Alongside the low-carbon transformation of our energy, materials and land, the coming 

30 years are expected to see fundamental changes in the way we collect, process and 

use data.  

 

Reflecting this, a number of studies have been published this year, including by the Royal 

Society, ESC and Imperial College, noting the role that digitalisation can play in 

decarbonisation. To complement this, the CCC and techUK hosted a roundtable of 

industry and academic stakeholders in June 2020 to discuss the role of digital 

technologies in reaching Net Zero. The following consensus viewpoints arose: 

 

• Digitalisation will be fundamental to the operation of a Net Zero economy, 

underpinning the production and use of energy across increasingly interconnected 
sectors, particularly with the widespread electrification of vehicles, buildings and 

industry in the UK. 

• Energy services and pricing tariffs should become increasing flexible and dynamic , 

supporting prosumers (e.g. onsite renewables, batteries, vehicle-to-grid), home and 

local grid management, reducing the need for large amounts of grid back-up. 

• Digitalisation will help reduce demands for energy, materials, food and water . Artificial 

intelligence, machine learning, digital twins and the Internet of Things will lead to 

predictive analysis, efficiencies and waste reductions in manufacturing, farming, 
buildings and transport networks. Additionally, transport demands could be 

significantly reduced through video-conferencing and augmented reality. 

• Digital tech and supercomputing will allow better forecasting, monitoring and 
modelling of emissions (e.g. the potential for assets to report Scope 1, 2 & 3 emissions 

in real-time, or land carbon stocks), and will shorten innovation cycles to bring new 

energy technologies to market faster. 

However, several emerging risks were identified as needing to be mitigated. These are 

likely to require action from both the technology industry and Government:  

 

• Concerns regarding data privacy, consumer protection and cyber-security need to 
be addressed early at the system design stage. Given the convergence of new 
energy and digital technologies, continued public trust and acceptance of change 

will be vital to avoid backlash against decarbonisation. 

• Data standards and models for data collection & sharing need further development 
(building on the Modernising Energy Data programme), working across industry, 

Government departments and regulators. Data should be ‘Presumed Open’ in order 

to improve transparency, and open-source tools promoted. 
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• Interoperability needs to be embedded, to ensure continued flexibility and consumer 

choice as markets evolve – lessons can be learnt from the UK’s smart meter roll-out. 

• Roll-out of infrastructure such as fibre-optic broadband, 5G and satellite networks are 
critical enablers to improved connectivity. Acceptable levels of system resilience and 

service reliability need to be established and communicated to consumers, 

particularly if more energy systems rely on a common piece of connectivity 

infrastructure. 

• IT infrastructure needs to be run on low-carbon electricity and maximise heat recovery 
opportunities. Continued focus is required on eco-design, repairs/upgrades, end-of-life 

criteria and procurement to drive down IT waste. Data centre energy efficiency needs 

to keep improving, even as data becomes more localised for latency and data 

residency reasons. 

• New, flexible regulatory vehicles that are sufficiently granular and responsive also 
need to be designed to keep pace with technology changes. Regulatory sandboxes 
need to be deepened and made systematic. Achieving Net Zero should be a 

mandate for each regulator.  

Overall, the UK’s digital innovation system, including the Grand Challenges, needs to be 

aligned to the challenges of Net Zero, focusing on outcomes rather than prescribing 

approaches. Additionally, the National Data Strategy has to consider the data 

requirements of a transition to Net Zero.  

Source: The Royal Society (2020) Digital technology and the planet: harnessing computing to achieve net zero; 

Energy Systems Catapult (2020) Digitalisation for Net Zero; Imperial College London (2020) Digitalisation of Energy 

 

ii) Innovation in our scenarios 
 

Our advice on the Sixth Carbon Budget draws from a range of scenarios, which 

cover a broad scope of ambition on the availability of innovative low-carbon 

technologies, the cost of technologies, the rapid uptake of technologies and 

behaviour change. Three of our scenarios - Widespread Innovation, Tailwinds and 

Widespread Engagement - are deliberately more optimistic around the available 

opportunities for social change and/or technology development (Table 9.1), 

whereas the Balanced Net Zero Pathway and Headwinds are more conservative in 

their approach.  

 

Most technologies in our scenarios are deployable at scale today, and in some 

cases (such as renewables, and electric vehicles) are already cheaper, or are 

expected to be cheaper than the high-carbon alternative. Other technologies, 

such as carbon capture and storage, are considered proven technologies, but 

given their importance in our scenarios require early demonstration to ensure they 

can operate at high efficiencies and CO2 capture rates. In all cases policy should 

establish the conditions for mass market deployment and, support innovation 

towards a goal of continued cost reduction.  

 

Our scenarios also consider innovation in business models and behaviour, in order 

to increase the uptake of low-carbon technologies. 

• Diet change involving reduced meat and dairy consumption of up to 50% 

compared today, replaced by plant-based foods, or lab grown meat.  

• Heat as a service business models, to overcome barriers, unlock flexibility 

benefits and reduce costs of installing and using low-carbon heating 

technologies. 

• Moving towards a circular economy by ensuring that product design 

maximises re-use of materials and minimises waste over the products 

lifetime can reduce emissions in UK manufacturing.  

 

Our scenarios go further than 
our 2019 Net Zero advice by 
including more rapid 
technology improvements, as 
well as more novel 
technologies and business 
models.  
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• Autonomous vehicles could extend road travel to those previously unable 

to travel by car, including people who currently do not hold a driver’s 

licence. More efficient driving and dynamic routing could effectively 

increase road capacity, freeing up road space for more cars, which could 

increase emissions and/or energy requirements for vehicles.  

• Digitalisation plays a role, including by avoiding the need to travel for work, 

due to improved video-conferencing facilities and working from home.  

 

Delivering the scenarios will also require innovations in policymaking and 

institutions. We explore some of these challenges, as well as innovation policy, in 

our accompanying Policy report. 

 

Our scenarios are intended to be explorative, not prescriptive. Some technologies 

play no, or limited, roles in our scenarios but may still have a role. Further research 

may still be valuable. Our scenarios contain a range of emerging technologies, 

such as DACCS and electric and hybrid aircraft, but given the time taken for 

commercialisation, we assume that their ultimate role is limited (Table 9.1). 

 

In many cases their deployment could act as a substitute for alternative 

technologies while delivering comparable emissions pathways (e.g. where 

emissions already reach zero in our scenarios), in others they may be able to 

reduce emissions further and/or faster (e.g. DACCS, low-carbon aviation 

technologies, or breakthrough feed additives to cut emissions from livestock). 

 

Should innovation make faster emissions reductions achievable they should be 

pursued given the difficulty in reaching the stretching end of the ambition in the 

Paris Agreement (i.e. limiting global warming to 1.5°C). The prospect of potential 

breakthroughs should not be used as an excuse to delay actions that are available 

now and necessary to reduce other sources of emissions, such as from buildings, 

industry and transport. 

 

able 1.11:Table 1.11 

Table 9.1 
Summary of key innovations in the Widespread Innovation and Widespread Engagement scenarios 

Sector Key assumptions for further innovations  Uncertainties & scope to go further 
Surface 
transport 

• Battery costs fall to £42/kWh by 2030.  

• 3-4% of car journeys are switched to e-bikes 

in 2030, rising to 7-9% by 2050.  

• Autonomous vehicles included in the 
Widespread Innovation scenario, leading to 

an increase in demand for car travel by 

2050.  

• Optimal decarbonisation technology for HGVs 

is unclear at present. Different options are 

explored in our scenarios.  

• Impact of autonomous vehicles is highly 

uncertain and could increase or decrease 

travel demand.  

Electricity 
generation 

• Renewables costs reach £23/MWh by 2050 in 

the Widespread Innovation scenario 

(£20/MWh in 2012 prices)  

• Renewables contribute up to 90% of 

electricity generation  

• Renewables already in development below this 

cost around the world, but typically solar power 

with higher irradiation than in the UK  

• Requires sufficient flexibility (e.g. from demand, 
hydrogen production, storage, low-

carbon dispatchable generation) to 

manage system  

Buildings • Air-to-water heat pump costs reach around 
£3,850 for an average domestic unit by 2050 

and a combined seasonal performance 

factor** of 3.73 at 45 degrees flow 

temperature.  

• Closure of the gap between estimated and 

actual performance 

• While not quantified, the EINAs identify scope 
for cost reduction from innovations such as 

more integrated systems, modularisation, 

innovative new compressors and expanders, 

and smart controls.  
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• 6% reduction in heat demand achieved 

through multizone control of heating  

• The scale of the performance gap is highly 

uncertain. Higher performance of measures 
is possible, and has been demonstrated via 

whole-house retrofit approaches such 

as Energiesprong.  

• Our assumptions on heat demand reduction 

from multizone control remain conservative. A 

range of sources indicate higher savings are 

possible, including up to 12% for the UK.  

Manufacturing 
& Construction 

• Hydrogen used for direct reduction of iron in 

steelmaking process 

• Supply chains scale up so that by 2032, 

enough supply chain capacity exists to install 

fuel switching or CCS in, on average, 12% of 

each industrial subsector per year 

• Use of green hydrogen from dedicated 

renewables, without a grid connection. 

• Levels of energy and resource efficiency 

outside of the larger sectors are likely to be 

conservative because of very sparse evidence. 

• Supply chain growth remains uncertain despite 

substantial stakeholder consultation. 

• Competition between electrification, green 

hydrogen and blue hydrogen remains 

uncertain. 

Fuel supply • Electrolyser costs reach £350/kW by 2040  

• CCS capture rates of 90-95%, 99% after 2040 
in Widespread Innovation in some 

subsectors. 

• Some estimates suggest £115/kW by 2030 could 

be achievable20  

• Uncertainties around delivering high capture 

rates. Studies suggest capture rates above 95% 

achievable for most technologies*  

Aviation • Hybrid electric planes make up 9% of plane-

km by 2050  

• Aircraft efficiency increases 2% a year  

• Could have larger role for synthetic jet fuel from 

Direct Air Capture, if costs low enough and 
airlines favour this instead of Direct Air Capture 

+ CCS. Hydrogen planes could also play a role. 

• Sector size and recovery post-COVID-19 is very 

uncertain, plus video-conferencing and digital 

technology impacts  

Shipping • Ammonia cost reaches £64/MWh by 2040  

• Engine retrofits all occur in the 2030s  

• Ammonia currently favoured, but hydrogen, 
methanol (from Direct Air Capture) or 

electricity could compete in certain ship types  

Waste • A third of waste could be prevented, and 

recycling rates could reach 80%  

• All energy from waste plants install CCS by 

2050  

• Optimal wastewater treatment options after 

2030 are unclear, especially in 

industrial wastewater  

• Energy from waste plants could start installing 

CCS earlier than the 2040s  

Agriculture 
and land use 

• 50% reduction in all meat and 

dairy consumption, replaced by plant-based 

foods and some meat with lab grown meat  

• Lab-grown meat currently unavailable. Future 

uptake depends on continuing R&D to reduce 

production costs and public acceptability.  

• Feed additives could reduce methane 

emissions from livestock. Crop breakthroughs 

could reduce N2O.  

Greenhouse 
gas removals 

• BECCS used for power, hydrogen and jet 

fuel production, plus industrial heat  

• DACCS costs reach £120/tCO2 by 2050 

• More uncertain options not considered 

(e.g. biochar, enhanced weathering)  

• Some DACCS estimates 

suggest <£100/tCO2 may be possible by 2050  

 
Source: CCC analysis. *See, for example, IEAGHG (2019) Towards zero emissions CCS . 

Notes: For a detailed description of which assumptions are included in which scenarios for each sector, and the sources for key assumptions in our advice 

see the Methodology Report that accompanies the Sixth Carbon Budget advice.  

EINAs =Energy Innovation Needs Assessments.  

**A seasonal performance factor is a multiplier effect on heat output, per unit of electricity input, averaged over a year. 
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4. Why the recommendation does not require faster progress 

Our Balanced Pathway reaches Net Zero in 2050 for all greenhouse gases, 

including the UK’s share of emissions from international aviation and international 

shipping (IAS), and assuming forthcoming inventory choices that result in emissions 

at the high end of the potential range (see Box 2.1 in Chapter 2).  

 

The date for Net Zero would be earlier on other bases that exclude IAS emissions 

and/or are for CO2 rather than the full range of greenhouse gases* and/or assume 

lower or no forthcoming inventory changes (Table 9.2).  

 

Table 9.2 

When the Balanced Net Zero Pathway reaches Net Zero emissions on different bases 

 ‘High-high’ inventory changes† ‘Low-low’ inventory changes 

Including IAS, all greenhouse gases 2050 2048 

Excluding IAS, all greenhouse gases 2047 2045 

Including IAS, CO2 only 2044 2043 

Excluding IAS, CO2 only 2041 2041 

 

While our advice on the level of the Sixth Carbon Budget is based on making 

sufficient progress to get on track to achieving Net Zero by 2050, we have also 

considered an accelerated timeline – the Tailwinds scenario – should it be possible 

to get larger behavioural/societal changes and cost reductions faster and to a 

larger extent than we assume in a central case. 

 

However, as we set out in section 3 of Chapter 2, we cannot be confident that 

these changes will or can occur. The better performance under Tailwinds than our 

recommended Sixth Carbon Budget would be very welcome if feasible, and UK 

policy should seek to achieve the performance in this scenario where possible. 

However, given large questions over its feasibility, it would not be appropriate to 

make it a legal requirement at this stage.  

 

Setting out on our proposed path could enable deeper reductions should 

innovation and engagement develop positively. If that were to happen, it would 

be perfectly possible and sensible for the UK to outperform the budget, which 

would be beneficial for the climate and could be desirable for the UK 

economically. That could be reflected in updated legislation in five years’ time 

when the Committee advise on the seventh carbon budget, as well as for the next 

UK NDC. 

 

The relatively limited extra impact of the Tailwinds scenario – it reaches Net Zero by 

2042 rather than 2050 – is because the recommended pathway is already a highly 

ambitious pathway and, even with immediate policy action, there are real-world 

constraints across a range of sectors that mean it takes time to reach very high 

rates of emissions reduction: 

 
 
*   Although all of the greenhouse gases (GHGs) contribute to warming temperatures, peak temperature change is 

determined by when emissions of long-lived GHGs reach Net Zero (assuming that short-lived GHG emissions are not 

rising). Of the long-lived GHGs, CO2 contributes most to warming and therefore the date of Net Zero CO2 is closely 

linked with when the contribution to rising temperatures ends. 

†   ‘High-high’ refers to AR5 GWPs with climate-carbon feedbacks and a higher estimate of emissions from peatlands. 

‘Low-low’ refers AR5 GWPs without climate-carbon feedbacks and a lower estimate of emission from peatlands. 

The UK Net Zero target in 2050 
is for all greenhouse gases, 
including from international 
aviation and shipping. 
Different coverage would 
mean an earlier Net Zero date. 

Our Tailwinds scenario goes 
further, but we cannot be 
confident now that this is 
feasible. 
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• Developing supply chains, business models and markets. Even for known 

technologies, it takes time to develop whole supply chains, build skills, 

manufacture and construct the required capacity, build confidence 

amongst business and the public and develop effective new business 

models. Our assessment is that this is likely to take close to a decade for the 

buildings and transport sectors, even with a strong policy framework to 

drive these changes.  

• Infrastructure development. The transition to Net Zero will require expansion 

of existing infrastructure (e.g. electricity grids and electric vehicle charging 

networks), development of new ones (e.g. for CO2 transport and storage) 

and potential repurposing of fossil infrastructure to be low-carbon (i.e. 

conversion of gas networks to hydrogen). These developments generally 

have significant lead-times. Uptake of new technologies such as electric 

vehicles, hydrogen and CCS will be limited or non-existent until supporting 

infrastructure is sufficiently developed.  

• The need for pilots and demonstrations prior to mass deployment. As set out 

in section 3, it is important to trial potential large-scale solutions to reduce 

emissions before committing to them to the exclusion of other options. 

While this can push back the timeline for widespread deployment slightly, it 

is likely to be worthwhile to avoid the risk that unforeseen issues arise that 

derail the entire programme. 

 

Given these challenges, there are risks of trying to go too fast that could backfire 

and undermine a more ambitious target.  

• Requiring an extremely rapid transition to Net Zero could have unintended 

consequences, as feasible options to reduce emissions are limited. This 

could lead to a dash for options to fill the gap, which could include large-

scale use of biomass (e.g. with CCS to provide greenhouse gas removals). 

This may imply a high reliance on imported biomass, potentially beyond 

what can be supplied sustainably and driving unwelcome land-use 

changes in other countries.  

• Going beyond the natural rate of stock turnover would lead to premature 

scrappage of assets (e.g. vehicles, boilers), which could be costly and risk 

undermining popular support for transition and increasing embedded 

emissions. 

• A smooth transition is likely to be a just transition, avoiding stop-start 

programmes for the jobs market and investment. An attempt to make the 

transition too quickly would make a just transition more difficult to achieve 

as it would imply stop-go replacement profiles. 

• Emissions reduction targets that are too ambitious to be credibly del ivered 

could undermine the international influence of strengthened UK targets. A 

significant aspect of the UK’s international influence comes from the 

expectation that once set these targets will be met or exceeded.  

 

Our Balanced Net Zero Pathway has been designed to be ambitious on emissions 

reductions over the next 15 years, subject to the real-world considerations and 

given uncertainty on how supportive people will be of the transition in their choices 

and behaviours and how quickly technologies will develop. 

 

We note that some groups have proposed even faster transitions, for example 

reaching Net Zero emissions by 2030, or even 2025. The Committee consider such 

dates to be implausible to deliver against, and potentially self-defeating as a goal. 

 

It is important to be ambitious 
but without requiring steps that 
would undermine the 
transition. 
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• Even under the very extreme changes in behaviour during the national 

lockdown earlier this year, emissions were only reduced by around a third, 

demonstrating that technological changes would also be needed. We 

have not seen evidence to demonstrate that these can be developed, 

manufactured and rolled out in full over the next five to ten years. We also 

note that over three-quarters of our emissions reduction from nature-based 

solutions would not be able to deliver on this timeline given the lags from 

planting to sequestering of carbon. 

• Targeting such an early date for Net Zero would bring a host of perverse 

outcomes, which could undermine the global effort to cut emissions and 

would be out of line with the findings of the Climate Assembly: 

– While in-use emissions might be cut, embedded emissions would 

increase as products were scrapped before the end of their lives. Risks 

of carbon leakage could increase, with emissions overseas increasing 

to replace UK reductions. 

– Public (and business) support for the transition could be lost. It seems 

highly unlikely that the needs of a just transition could still be met – 

wholesale job losses would be expected in some locations with little 

lead-time for example for retraining. Without sufficient time to shift to 

low-carbon heating systems, consumer heating demands could not 

be met. 

– The sorts of draconian measures required to get close to such radical 

targets, along with the inevitable failure in meeting them could make 

adoption of stretching targets by other countries less likely, rather than 

more likely. The UK has offered a positive example of emissions 

reduction alongside economic growth, and the goal should be to 

continue that example. 

– An accelerated transition would go against some of the key principles 

of the Climate Assembly.21 This includes preferences for long-term 

planning towards a phased transition and the need for a joined-up 

approach across the system and all levels of society. 

 

However, as we set out in Chapter 7, there are legitimate analyses based on 

different approaches to equity considerations that point to larger contributions 

from the UK and other rich countries with a large historical contribution to global 

warming. We conclude in Chapter 7 that increased contributions beyond the 

ambitious goals for the UK’s domestic emissions that we propose in this report 

would be best delivered through increased support for global efforts (e.g. through 

climate finance), rather than by setting implausible goals for the UK’s domestic 

emissions.  

 

 

 

 

 

  

Carbon budgets should set 
ambitious requirements for UK 
domestic action. The UK can 
further support global action in 
ways that are better than 
setting targets that are 
implausible. 
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1 See, for example, Cambridge Econometrics (2020) Assessment of Green Recovery plans after 

COVID-19 (a report for the We Mean Business Coalition).  

2 BEIS (2020) Public Attitudes Tracker 

3 CBI (2019) The Low-Carbon 2020s – a decade of delivery 
4 See CCC (2020) The role of business in delivering the UK's Net Zero ambition 

5 See CCC (2020) Local Authorities and the Sixth Carbon Budget 

6 BEIS (2020) Public Attitudes Tracker; Energy Systems Catapult (2020) Net Zero: A Consumer 
Perspective. 

7 Gross et al. (2018) How long does innovation and commercialisation in the energy sectors take?   

8 See 4 
9 Wilson et al. (2020) Granular technologies to accelerate decarbonization; Rubin et al. (2015) A 

review of learning rates for electricity supply technologies 
10 Lang (2017) Nuclear Power Learning and Deployment Rates; Disruption and Global Benefits 

Forgone 
11 See 7 

12 Developer estimate from EdF. World Nuclear News (2018) EDF Energy expects 20% cost saving 

for Sizewell C 

13 POST (2018) POSTnote 580 - Small Modular Nuclear Reactors 

14 BEIS (2019) Energy Innovation Needs Assessments 

15 See 11 
16 See, for example, The Future of Flight Fund: UKRI (2020) Future of mobility 

https://www.ukri.org/our-work/delivering-economic-impact/industrial-strategy-challenge-

fund/future-of-mobility/  

17 CCC (2020) Insights Briefings: Sharing the UK approach to addressing climate change 
18 See Advisory Group report on The Road to Net Zero Finance, available at www.theccc.org.uk  

19 BECCS = Bioenergy with carbon capture and storage; DACCS = direct air capture with carbon 

capture and storage. 

20 See for example Agora Energiewende (2019) EU-wide innovation support is key to the success of 

electrolysis manufacturing in Europe (Figure 1) 

21 Climate Assembly UK (2020) The path to net zero 

 

 

1406  

https://www.ukri.org/our-work/delivering-economic-impact/industrial-strategy-challenge-fund/future-of-mobility/
https://www.ukri.org/our-work/delivering-economic-impact/industrial-strategy-challenge-fund/future-of-mobility/


Chapter 10: Recommendations on the Sixth Carbon Budget 412 

Recommendations on the Sixth 

Carbon Budget 

 

 

1. The Sixth Carbon Budget level and emissions accounting 416 

2. Nationally Determined Contribution for 2030 428 

3. Increasing effort during existing carbon budgets 430 

4. Traded-sector emissions and UK emission trading system cap 436 

5. Next steps: A Net Zero plan and monitoring of progress 440 

 

 

 

 

  

1407  



1408  



Chapter 10: Recommendations on the Sixth Carbon Budget 414 

Introduction and key messages 
 

This Chapter sets out the Committee’s recommendations, as required by the 

Climate Change Act, based on the analysis set out in the rest of this report.  

• Budget level. We recommend that the Sixth Carbon Budget for 2033-2037 is 

set at 965 MtCO2e, implying a reduction in emissions to 2035 of 78% from 

1990 levels or 63% from 2019. 

• Budget scope. Our recommended budget includes emissions from the UK’s 

share of international aviation and international shipping (IAS). It also allows 

for forthcoming changes to the UK’s emissions inventory to fully incorporate 

the emissions from peatlands and the IPCC’s latest estimates for the global 

warming potential of different greenhouse gases. 

– The Committee do not consider the previous approach of allowing 

‘headroom’ for aviation and shipping emissions to be sufficient, given 

the importance of these emissions and the risk of different treatments 

in UK legislation being seen as unfair. 

– While there remains some uncertainty on the non-CO2 effects of 

aviation, it is clear that these have a warming effect on top of that 

from its CO2 emissions. While it is not scientifically valid to account for 

these impacts on a ‘CO2-equivalent’ basis, action to limit these 

impacts will be needed – just dealing with aviation CO2 is not enough. 

• Judging performance. We recommend that the Government plan to meet 

the Sixth Carbon Budget through reductions in actual UK emissions and UK 

greenhouse gas removals.  

– UK-based engineered greenhouse gas removals should be allowed to 

meet the carbon budgets and the Net Zero target.  

– International carbon credits should not be used to meet the budget, 

though they may be useful policy tools and appropriate ways to go 

beyond the carbon budgets to support global decarbonisation efforts.  

– Should the UK’s participation in the EU Emissions Trading System (EU 

ETS) be replaced with a UK ETS linked with the EU system, we will 

provide further advice on how to account for cross-border trading 

under the carbon budgets. 

• The UK’s Nationally Determined Contribution. We recommend that the UK 

NDC is set to require at least a 68% reduction from 1990 to 2030 on a basis 

that excludes emissions from international aviation and international 

shipping, in line with UN convention.  

– The headline reduction of at least 68% should be accompanied with a 

clear statement of intent to tackle IAS emissions. For example, that 

could include a commitment to include them in the UK’s Sixth Carbon 

Budget, a 2030 target for IAS emissions and new strategies for reducing 

emissions from both shipping and aviation to Net Zero. 

– This ambition should be within a transparent NDC that also signals the 

UK’s contributions on climate finance, technology development and 

capacity building, and plans on adaptation. 

– The Government could choose to use credits to go beyond the 68% 

reduction as a greater international contribution. 

 

Our recommended Sixth 
Carbon Budget means a 63% 
reduction in emissions vs. 2019. 

A full scope of greenhouse gas 
emissions should be included. 

The Budget reflects actions 
required in the UK. 

We recommend an NDC on 
the same path as the Sixth 
Carbon Budget. 

1409  



415 Sixth Carbon Budget – The path to Net Zero 

• The Fifth Carbon Budget. Emissions must fall more quickly to 2030 than 

required by the currently legislated Fifth Carbon Budget, and policy must 

be strengthened further than previously planned to deliver greater action. It 

is for the Government to decide whether the currently legislated budgets 

should be amended to bring them in line with the Net Zero 2050 target, 

however the Committee does not consider it necessary to change the 

budget level in law – the focus should be on developing policy to deliver 

the new Sixth Carbon Budget and the UK’s NDC for 2030. 

• UK Emissions Trading System. We recommend that the cap for the UK ETS 

should be set in line with the Balanced Net Zero Pathway developed in this 

report, implying a 53% reduction in emissions from 2019 to 2030 for the 

sectors currently covered by the EU ETS. In the case that a UK ETS is not 

established, the same level of emissions reductions should be targeted in 

these sectors. 

• Net Zero Plan. We recommend that the Government accept the advice in 

this report as soon as possible and set out their policies to deliver against it 

in the first half of 2021. The expected impact of policies, including those in 

early planning, should be clearly quantified and in sum be enough to meet 

the budget. 

• Consumption emissions. While territorial emissions remain the best basis for 

UK carbon budgets, the Committee will continue to scrutinise progress on 

consumption emissions as well, and to recommend policies that reduce 

both. We will monitor consumption emissions against a Paris-aligned 

trajectory in our future annual Progress Reports to Parliament. If UK territorial 

emissions are reduced to Net Zero and UK trading partners reduce their 

emissions in line with the Paris Agreement we estimate (in Chapter 7) that 

UK consumption emissions would be around 90% below 1990 levels in 2050. 

 

This chapter is set out in six sections: 

1. The Sixth Carbon Budget level and emissions accounting 

2. Nationally Determined Contribution for 2030  

3. Increasing effort during existing carbon budgets 

4. Traded-sector emissions and UK emission trading system cap 

5. Next steps: A Net Zero plan and monitoring of progress 

 

  

A Government plan for Net 
Zero and the Sixth Carbon 
Budget is needed as soon as 
possible. 

Territorial emissions are the 
best basis for UK targets, but 
we will track consumption 
emissions against a Paris-
aligned trajectory. 
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1. The Sixth Carbon Budget level and emissions accounting 

This section sets out our recommended level for the Sixth Carbon Budget and the 

basis on which it should be measured. It is in seven parts: 

a) The level of the Sixth Carbon Budget 

b) Judging performance based on actual emissions 

c) Inclusion of international aviation & shipping in carbon budgets 

d) Non-CO2 impacts of aviation and shipping 

e) The contribution of greenhouse gas removals 

f) The use of international carbon offsets or credits 

g) Accounting for all UK greenhouse gas emissions in full  

 

a) The level of the Sixth Carbon Budget 
 

The Committee recommends a Sixth Carbon Budget of 965 MtCO2e, including 
emissions from the UK’s share of international aviation and shipping (IAS). 
 

The reduction of emissions on this scope to 191 MtCO2e per year in 2035 represents 

a 78% reduction in emissions on 1990 levels, a 63% reduction against 2019 levels 

and a 72% reduction against 2010 levels (Figure 10.1).  

 

This recommended budget aligns to the Balanced Net Zero Pathway set out in 

Chapters 2 and 3, which was built on multiple lines of evidence and takes into 

account what is feasible and what is necessary to get on track to Net Zero by 2050.  

 

Delivering the budget will require progress on all emissions sources and scaling up 

investment and supply chains so that almost all new purchases and investments 

are zero-carbon by around 2030, together with development and deployment of 

greenhouse gas removal options, and adoption of low-carbon behaviours. 

 

We assess it to be a fair pathway that is compatible with global efforts to limit 

warming to 1.5°C. It would reduce per-capita emissions in the UK by 2035 to the 

global average level of per-capita emissions from the median of the IPCC’s 

pathways for limiting warming to 1.5°C with a 50% probability.  

 

  

Our recommended Sixth 
Carbon Budget means a 63% 
reduction in emissions vs. 2019. 
 

We assess it to be a fair 
contribution to the aims of the 
Paris Agreement. 
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Figure 10.1 The recommended Sixth Carbon  
Budget 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis 

Notes: Emissions shown include emissions from international aviation and shipping (IAS) and on an AR5 basis, 

including peatlands. Adjustments for IAS emissions to carbon budgets 1-3 based on historical IAS emissions data; 

adjustments to carbon budgets 4-5 based on IAS emissions under the Balanced Net Zero Pathway. 

 

b) Judging performance based on actual emissions 
 

Our recommended Sixth Carbon Budget applies to actual emissions (and 
removals), rather than the measure of emissions adjusted for trading in the EU ETS 
that has been used to date. 
 

The first five carbon budgets were set based on a measure of emissions (the ‘net 

carbon account’) that adjusts the UK’s actual emissions to reflect trading between 

UK sites and those in other countries under the EU Emissions Trading System (EU ETS). 

In effect this means that the budget for the ‘traded sector’ of the economy (i.e. 

those sectors for which emissions are covered by the EU ETS) has been set and 

evaluated based on the UK’s share of the EU ETS cap for those sectors, rather than 

on their actual emissions from UK installations covered by the EU ETS. 

 

Accounting for actual UK emissions under the carbon budgets has several 

advantages over the approach used to date: 

• Transparency. It is important in designing emissions targets that they provide 

a clear signal to policymakers, investors and the wider public about the 

extent of the emissions reductions that are required. The most transparent 

method is to account for actual emissions in all sectors.  

The previous approach to 
emissions accounting was 
confusing and did not drive 
action in all areas. 
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• Recognition of efforts. Long-term decarbonisation of the economy will 

require contributions from all sectors. Emissions accounting approaches 

that treat some sectors differently may distort decarbonisation strategies 

(e.g. leading to use of finite bioenergy resources in sectors where emissions 

reductions ‘count’ rather than where they are most cost-effective).  

• Policy focus. The carbon budgets framework is designed to drive policy 

action to reduce emissions. It is essential that the emissions accounting 

system requires appropriate UK policy actions across all sectors.  

• Recognising the dynamics of trading systems.  

– The ‘net carbon account’ measure assumes that a trading system cap 

will be binding once set. That has not been the experience through 

the EU ETS – parallel climate policies, particularly support for renewable 

energy, together with weaker than expected economic performance 

following the financial crisis, led to emissions being below the cap on a 

sustained basis.  

– That has allowed caps for future phases to be set at a lower level, 

while mechanisms like the Market Stability Reserve have removed 

emissions allowances in the current phase. This has resulted in the UK’s 

share of the EU ETS emissions cap being lower than expected, 

meaning that the UK carbon budgets have ended up being too loose. 

 

Moreover, the UK’s departure from the EU ETS means that the measure adjusted for 

trading with participants in other countries may no longer be meaningful for the 

Sixth Carbon Budget, or indeed any carbon budgets from now on (see section 4).  

 

At the time of writing, it is unclear whether the UK will replace its participation in the 

EU ETS with a UK ETS that is linked to the EU ETS, or whether there will be a UK-only 

solution (e.g. a tax or a UK ETS that is not linked to the EU ETS). 

 

We recommend that the Government makes plans to meet the Sixth Carbon 

Budget on the basis of actual UK emissions and removals. Should the replacement 

scheme involve cross-border emissions trading, the Committee will advise on 

ensuring that this is treated appropriately under carbon budget accounting. 

 

c) Inclusion of international aviation & shipping in carbon budgets  
 

The Climate Change Act allows the Government to decide to include the UK’s 

share of international aviation and international shipping (IAS) emissions in carbon 

budgets and the 2050 (Net Zero) target. Under section 35 of the Act, when 

recommending a carbon budget the Committee must also advise on whether IAS 

should be included with its scope. We advise that IAS emissions should be included 
in the Sixth Carbon Budget. 
 

To date, IAS emissions have been accounted for, but not formally included in the 

budgets or 2050 target: 

• Carbon budgets have been set excluding IAS emissions, but with lower 

emissions allowed for the other sectors to leave headroom for IAS emissions. 

• The Government has recognised the need to include IAS emissions within its 

planning for meeting the 2050 target, both for the previous 80% target and 

again for the Net Zero target.1 This recognition is consistent with the 

approach of the Committee when recommending these targets. 

 

Having left the EU, the previous 
accounting approach may no 
longer be meaningful in any 
case. 

The Budget reflects actions 
required in the UK. 

So far, carbon budgets have 
not formally included  
international aviation and 
shipping (IAS) emissions, but 
have allowed for them. 
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However, it is important to include these emissions formally in the legislated targets, 

rather than only being considered as a planning assumption, to guide long-term 

policy approaches and infrastructure investment decisions: 

• Complete scope of emissions. It is important that all sources of greenhouse 

gas emissions should be tackled, and that the scope of targets should 

reflect this. This is particularly relevant for aviation, which is likely to be the 

second-largest emitting sector in the UK by 2050, even with strong progress 

on technology and limiting demand growth. Continued exclusion from 

carbon budgets gives an impression of special treatment and raises 

questions over fairness for other sectors. 

• UK influence and supplementary levers. While the primary policy 

approaches to tackling IAS emissions should be international, the UK is a key 

player in driving strong international mechanisms. Some supplementary UK 

policy levers are also available that would not impact on the 

competitiveness of the IAS sectors. It is important that the UK Government 

prioritises both of these avenues (see our accompanying Policy Report). 

• Flexibility. Including IAS emissions within the formal scope of the Climate 

Change Act targets provides extra flexibility in meeting them. Whereas their 

exclusion would mean that allowance has to be made outside the target 

for these emissions, inclusion opens up the possibility for the IAS sectors to 

achieve more and contribute more to meeting the UK’s emissions targets.  

• Need for integration with wider Net Zero strategy. The UK’s overall emissions 

reduction strategy should be integrated across the economy. This includes 

requirements for fuelling infrastructure and supply of alternative fuels (e.g. 

hydrogen, ammonia, synthetic fuels) and the overall scale of greenhouse 

gas removals to balance remaining emissions to reach Net Zero.  

• Inclusion of IAS is manageable. While the United Nations Framework 

Convention on Climate Change (UNFCCC) treats emissions from 

international aviation and international shipping separately from emissions 

solely within country borders, allocating these emissions to countries 

presents no fundamentally greater challenges than for other sectors 

already included in UK emissions targets: 

– Emissions are already estimated and reported to the UN and can be 

included in UK emissions targets on the same basis. 

The uncertainty attached to estimates of IAS emissions is no higher 

than for other sectors covered by carbon budgets (Box 10.1). 

– While careful policy design is necessary to avoid simply pushing 

emissions abroad, such considerations also apply to sectors already 

covered by carbon budgets (e.g. manufacturing and agriculture).  

– Inclusion in the UK carbon budgets does not preclude exclusion in 

communications to the UN, as we recommend for the UK’s 2030 NDC. 

 

 

 

 

 

 

 

 

It is important and feasible to 
include IAS emissions formally 
in the legislated targets. 
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Box 10.1 
Uncertainty in estimating IAS emissions compared to other UK sectors 

The Climate Change Act requires that inclusion of international aviation and shipping in 

targets be on the basis of international carbon reporting practice. Bunker fuel sales are 

the currently agreed methodology by which countries report IAS emissions to the UN. 

While a range of alternative methodologies have been proposed, uncertainty in IAS 

emissions is no higher than for sectors already covered by carbon budgets (Figure below). 

 

• Domestic aviation and shipping emissions are already formally included within the Net 

Zero target on the basis of bunker fuel sales. 

• For international aviation, bunker fuel sales accurately reflect activity as airlines do not 
tend to carry more fuel than needed for a given flight (UK departing-flight emissions 

modelled by DfT are within 4% of the bunker fuel sales estimate). 

• For international shipping, bunker fuels may not accurately reflect country-level 

shipping activity and emissions, given the potential for ships to refuel at multiple ports 

on routes. Differences between this bunker fuel approach and alternative 

methodologies could be more material (e.g. an activity-basis allocation could double 

the UK’s share of IS emissions), but w ill diminish as the sector decarbonises. 

• Were alternative methodologies for measuring IAS emissions to be developed and 
agreed internationally for annual reporting (e.g. by the International Civil Aviation 

Authority (ICAO) and the International Maritime Organisation (IMO) or the UN 

Framework Convention on Climate Change), the higher emissions are likely sufficiently 

small as to be manageable within carbon budgets (see section 2 of Chapter 2). 

 

Figure B10.1 Uncertainty in IAS emissions  

compared to wider uncertainties in  
carbon budgets 

 

Source: Letter from Lord Deben to the Secretary of State for Transport about Net Zero and the approach to 

international aviation and shipping (IAS) emissions. 

 

Uncertainty in IAS emissions is 
no greater than for other 
sectors. 
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Inclusion of IAS emissions in UK climate targets does not equate to the adoption of 

a unilateral policy approach to tackling these emissions, which could be argued to 

undermine existing multilateral processes under the respective UN bodies (the 

International Civil Aviation Authority (ICAO) and the International Maritime 

Organisation (IMO)). Rather, it ensures that the UK takes full responsibility for these 

emissions and that, where necessary, effort in other sectors can be altered to 

ensure overall emissions are within the necessary limits. 

 

The time has come for the UK to include IAS emissions formally in the Net Zero 

target and also in the Sixth Carbon Budget, which finishes only 13 years before 

2050. 

 

We therefore conclude that IAS emissions should be included in carbon budgets as 
early as possible (see section 3), and certainly formally within the scope of the 
Sixth Carbon Budget and 2050 target. Alongside this, the UK should push for suitably 
strong international targets and mechanisms to deliver reductions in IAS emissions. 
 

Should the international processes through the IMO and ICAO fail to set suitable 

ambition, the UK could take subsequent action to decarbonise these sectors. 

Ultimately, whether via a global scheme or a domestic/more limited international 

mechanism, any remaining UK IAS emissions in 2050 will need to be balanced by 

greenhouse gas removals in order for the sectors to achieve Net Zero.  

 

The Climate Change Act requires that inclusion be on the basis of international 

carbon reporting practice. Bunker fuel sales are the currently agreed methodology 

by which countries report IAS emissions to the UN, and are therefore the 

recommended method of inclusion. Uncertainties over future emissions accounting 

methods are similar in size to those in other areas of the carbon budget and are 

manageable within the overall envelope of emissions (see section 2 of Chapter 2). 

 

The Committee does not consider the Government’s previous approach of 

allowing ‘headroom’ for IAS emissions to be sustainable. Under this approach since 

2008, progress has been insufficient: 

• The processes under the IMO and ICAO have objectives for emissions 

reduction that are less ambitious than the UK has adopted under its Net 

Zero target and less ambitious than required to meet the goals of the Paris 

Agreement. 

• Updated UK aviation and shipping strategies to date have been delayed 

(in part due to COVID-19), while previous plans have had limited ambition. 

The Clean Maritime Plan considered options for decarbonising the shipping 

sector, but did not formally commit to a 2050 target or trajectory. The 

previous Aviation Strategy focused more on noise, air traffic modernisation 

and expansion than on CO2 emissions and climate change. 

• Aviation continues to be under-taxed relative to other emitting activities, 

undermining efforts to limit demand for aviation. 

 

Excluding emissions from international aviation and shipping from carbon budgets 

and leaving headroom based on their appropriate contribution is therefore not a 

credible approach.  

 

If IAS emissions follow a ‘near-BAU’ path rather than reducing as in our Balanced 

Net Zero Pathway, then emissions would be around 13 MtCO2e higher in 2035. 

Were that to be the case, then emissions from other sectors would need to be 

comparably lower to compensate – but the headroom approach would not 

automatically require that.  

Inclusion of IAS emissions in UK 
climate targets does not imply 
taking a unilateral policy 
approach for them. 

It is time to include IAS 
emissions formally in the Net 
Zero target and carbon 
budgets. 

The Government’s previous 
approach of allowing 
‘headroom’ for IAS emissions is 
not enough. 
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d) Non-CO2 impacts of aviation and shipping 
 

As well as CO2 emissions resulting from combustion of hydrocarbon fuels, aviation 

and shipping result in a number of non-CO2 effects that are not currently within the 

legal scope of carbon budgets or the basket of greenhouse gases used 

internationally (i.e. CO2, methane, nitrous oxide and various F-gases). We set out 

the implications of our scenarios for these aviation non-CO2 effects in Chapter 8. 

• Aviation produces a range of different pollutants that affect the climate in 

different ways. The most significant effect is from creation of contrails and 

high cirrus clouds, although the impacts of these are short-lived. Measuring 

these effects on an annual basis is challenging, given their short-term 

nature and dependence on localised conditions. Some policies are 

already in place to limit some of these non-CO2 effects, such as NOx due to 

its impact on local air quality. 

• Shipping has non-CO2 effects that come from the emission of sulphur 

dioxide, which has an overall cooling effect on the climate but causes 

local air pollution. However, improved fuel quality standards with 

significantly lower sulphur contents came in to force in 2020, which will 

reduce this cooling effect. 

 

In both aviation and shipping these non-CO2 effects are mainly short-lived, 

meaning that if they were stopped their effects on the climate would rapidly 

disappear. In magnitude these have likely had a larger effect on the climate than 

aviation CO2 emissions (see section 4 of Chapter 8).  

 

Not all ways of reducing aviation CO2 emissions have equal implications for these 

non-CO2 effects, with distance flown and total fuel burnt (regardless of whether this 

is fossil jet fuel) important differentiators: 

• Reduced demand for aviation. A reduction in flights that is sustained over 

time would reduce the level of warming from aviation non-CO2 effects.  

• Improved aircraft efficiency. Improvements in efficiency lead to less fuel 

burnt per flight, and lower CO2 emissions. This would also lead to some 

reduction in non-CO2 effects, but fractionally less than for the reduction in 

CO2 emissions, as some aviation non-CO2 effects (e.g. contrail cirrus) are 

driven primarily by the distance flown rather than the fuel burnt. 

• Use of hydrocarbon sustainable aviation fuel (SAF). Using truly sustainable 

aviation fuels would reduce fossil CO2 emissions from aviation, but would 

not eliminate aviation non-CO2 effects. While there is early evidence 

emerging that some SAF fuel types might generate less soot, and so 

generate fewer cirrus clouds, this is yet to be validated at commercial 

scale. 

 

When considering how to limit emissions from aviation, it is therefore important to 

recognise these non-CO2 effects are significant, and that constraining the total 

distance flown each year has a greater relative benefit to the climate than 

measures that reduce the carbon-intensity of flying. 

 

While there remains uncertainty on the non-CO2 effects of aviation, and further 

research is necessary, current best estimates show that aviation has a significant 

warming effect on top of that from its CO2 emissions. Action to limit these non-CO2 

climate effects will be necessary, although not at the expense of reducing CO2 

emissions, which have a longer-lasting impact on the climate. 

 

Aviation produces shorter-lived 
warming effects not captured 
by UN emissions accounting 
methods. 

Limiting the total distance 
flown is the most effective way 
to limit non-CO2 impacts from 
aviation. 
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Comparing aviation’s non-CO2 and CO2 effects and their relevant impacts on the 

climate over different timescales is complex, and will be highly dependent on the 

future demand and emissions trajectory for the sector. Attempting to consolidate 

these non-CO2 effects down into a single metric (e.g. a multiplier to apply to CO2 

emissions) for inclusion in UK targets would not be robust.  

 

The Committee therefore do not currently recommend inclusion of non-CO2 effects 
of aviation or shipping within the budgets.  
 

However, action to limit these effects is necessary – just dealing with aviation CO2 is 

not enough. We therefore recommend a minimum goal that there should be no 

additional aviation non-CO2 warming beyond 2050. We will monitor developments 

on aviation (and shipping) non-CO2 effects, and the evidence of their impacts, in 

our annual Progress Reports. 

 

e) The contribution of greenhouse gas removals 
 

Under section 29 of the Climate Change Act, greenhouse gas removals are 

defined as ‘removals of that gas from the atmosphere due to land use, land-use 

change or forestry activities’.  

 

While such ‘natural removals’ are vitally important in achieving Net Zero, our 

assessment is that it currently appears unlikely that Net Zero could be achieved 

cost-effectively without also a significant contribution from ‘engineered’ removals 

of CO2 (e.g. use of bioenergy with carbon capture and storage (BECCS) or direct 

air capture of CO2 with storage (DACCS) – see section 11 of Chapter 3). 

 

For CO2 removal to contribute effectively to the carbon budgets it must be 

genuine and permanent removal. Strong, effective sustainability standards and 

verification processes will be vital for including the contribution of CO2 removal. 

 

We recommend that engineered CO2 removal is allowed to contribute to meeting 
UK carbon targets under the Climate Change Act. 
 

This need not require amendment of the Climate Change Act. For example, a UK 

removals credit (or ‘carbon unit’ under the Climate Change Act) could be 

defined, such that these UK-located removals can contribute to meeting carbon 

budgets and the Net Zero target.  

 

This would enable the 23 Mt of CO2 removals in our 2035 scenario to be funded 

through UK carbon credits paid for by sectors like aviation or fossil fuel extraction 

that are expected to still have positive emissions in the UK – the outcome of such a 

policy would match our pathway in terms of actual emissions. 

 

 

 

 

 

‘Engineered’ removals appear 
vital for Net Zero and the Sixth 
Carbon Budget. They must be 
allowed to contribute. 

It would not be scientifically 
robust to include aviation non-
CO2 effects alongside the 
greenhouse gases in carbon 
budgets. 

However, aviation non-CO2 
effects are important and must 
be monitored and tackled. No 
further warming should occur 
from 2050. 
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f) The use of international carbon offsets or credits 
 

Use of international credits under carbon budgets 
 

Under section 34 of the Climate Change Act, the Committee’s recommendation 

on a carbon budget must also advise on the extent to which it should be met 

through emissions reductions as against use of ‘carbon units’ (e.g. international 

emissions credits). 

 

In alignment with our 2019 Net Zero advice, the recommendations provided in this 

advice relate to action to reduce emissions within the UK, as part of UK leadership 

on climate change and as an appropriate contribution to reducing emissions 

globally. The Balanced Net Zero Pathway achieves the budget fully through 

domestic actions utilising the UK’s range of low-carbon resources, including for CO2 

removal, for which the UK is well placed given its strong CO2 storage capacity, 

strong offshore engineering expertise and governance structures.  

 

As we set out in Chapter 7, use of international carbon credits in place of domestic 

action poses a number of risks including that use of credits would detract from UK 

leadership and reduce clarity on the steps required in the UK to meet Net Zero.  

Uncertainties also remain over how international carbon trading will work under the 

Paris Agreement to ensure genuine additionality of effort. 

 

Our recommendation is that the Government should not expect or plan to use 
international credits to meet the Sixth Carbon Budget – the recommended budget 
should be considered a minimum UK contribution through domestic action. 
 

It is important to be clear that this recommendation applies to the use of 

international carbon credits (i.e. paying for emissions reductions elsewhere in the 

world to avoid making the required reductions in the UK). It does not preclude the 

use of carbon credits within the UK as part of the policy mix for achieving 

outcomes aligned to our Balanced Pathway. 

 

It is also the case that the purchase of international carbon credits provides an 

additional lever to support wider climate mitigation action internationally. Credit 

purchase could be a useful part of the UK’s international climate policy as a 

measure in addition to domestic delivery of the legislated carbon budgets (see 

Chapter 7). There is also significant corporate interest in credit purchase, including 

from firms acting strongly to tackle their own emissions. 

 

Any use of international credits (whether purchased by the Government or UK 
companies) should be additional to the domestic effort of the Sixth Carbon Budget, 
to support the global effort to reduce emissions.  
 

We do not identify a particular level of credit purchase should the Government 

choose to go beyond the recommended budget, which should be considered in 

the round of wider UK support for international ambition (see section 2). 

 

We recognise that international credit markets and the UK’s role in them could 

develop in unexpected ways, particularly as the final rules for Article 6 of the Paris 

Agreement are agreed, and as new technologies, including for CO2 removal from 

the atmosphere, develop. In particular, if in future credits can be applied to 

sustainable, verified, permanent CO2 removal in a clearly additional way, there 

would be a stronger case to allow them to contribute to UK targets.  

 

 

The recommended budget 
should be considered a 
minimum UK contribution 
through domestic action, 
without international credits. 

The UK could use credits to 
increase ambition beyond the 
budget for domestic action. 
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Sections 26-28 of the Climate Change Act allow for changes in the treatment of 

international carbon units and require further advice from the Committee before 

any could be used to contribute to UK carbon budgets. 

 

Interaction with the CORSIA scheme for international aviation 
 

For international aviation, the international Carbon Offsetting and Reduction 

Scheme for International Aviation (CORSIA) scheme already seeks to offset a 

portion of aviation emissions. Under the scheme, larger airlines flying on routes 

between countries covered by it are required to offset growth in emissions above 

2019 levels by paying for emissions reduction or removal in other sectors. The 

scheme starts in 2021 and is mandatory from 2027. The policy currently stops in 

2035.  

 

The current level of ambition under CORSIA is an insufficient contribution to the 

goals of the Paris Agreement. A more ambitious, long-term global goal for 

international aviation emissions consistent with the Paris Agreement would provide 

a strong and early signal to incentivise the investment in new, cleaner, 

technologies that will be required for the sector to play its role in meeting long-term 

targets. This is particularly important in aviation given the long lifetimes of assets. 

 

In order for operation of CORSIA to be compatible with the UK’s Net Zero 

commitment, there would need to be appropriate governance for offset credits 

and sustainable fuels, as well as an appropriate cap: 

• Credits. The credits used to offset emissions would need to lead to genuine 

and verifiable emissions reductions or removals that are additional to what 

would have occurred otherwise. Ultimately, given that all countries will 

need to reduce emissions strongly under the Paris Agreement, offsets will 

need to be based on verified greenhouse gas removals. Appropriate 

governance will be necessary to ensure that these removals are genuine 

and sustainable. 

• Sustainable fuels. Use of biofuels, and any other alternative fuels credited 

with emissions reductions under CORSIA, will also need to have suitable 

governance arrangements to ensure that they are from sustainable sources 

and achieve sufficiently high lifecycle greenhouse gas emissions savings. 

• Emissions cap. By 2050, the cap under the CORSIA scheme would need to 

be reduced from 2019 emissions to zero.  

 

Ideally the CORSIA rules would develop in line with these requirements. If not, 

carriers operating in the UK would still be able to procure greenhouse gas removal 

(GGR) offsets that do meet the necessary standards, which would also qualify for 

CORSIA. Should the CORSIA cap be above Net Zero, carriers operating in the UK 

should be obliged to procure additional greenhouse gas removals to offset their 

remaining emissions (or an alternative mechanism should be used to achieve an 

equivalent outcome). 

 

For now, the Committee’s recommendation on credits within CORSIA is the same 
as for other credits – they should not be used to meet UK carbon budgets. 
 

It is possible that rules under CORSIA could develop to a point that its offsets could 

be an acceptable contribution to UK carbon budgets. In line with section 28 of the 

Climate Change Act, the Committee would provide further advice before CORSIA 

credits could be used to contribute to UK carbon budgets.  

 

 

The CORSIA scheme is not 
currently compatible with the 
Paris Agreement or the UK’s 
path. 

Under current rules, credits 
under CORSIA should not 
contribute to meeting the 
carbon budgets. 
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g) Accounting for all UK greenhouse gas emissions in full 
 

As well as emissions from international aviation and shipping, our proposed budget 

includes full estimates for emissions from UK peatlands and uses the latest estimates 

from the IPCC for the global warming potentials of methane and other non-CO2 

gases. These changes are not currently reflected in the UK emissions inventory, but 

are due to be included over the next few years. 

 

However, some uncertainty remains over exactly how these changes will be 

incorporated in the UK inventory (reflecting uncertainty over which possible 

approach best captures the true level of these emissions – see section 2 of Chapter 

2). If, prior to the Sixth Carbon Budget being legislated, the Government has more 

clarity on the approach that will be taken, our proposed budget could be 

adjusted accordingly. 

• Our recommendation on the carbon budget level assumes a current-worst-

case basis for estimating emissions (i.e. we assume the forthcoming 

changes add 26 MtCO2e in 2035, which is at the high end of the potential 

range of 11-26 MtCO2e/year). 

• This approach ensures that forthcoming methodological decisions about 

how to estimate UK emissions would not stop this carbon budget from 

being achievable, but it risks that those decisions leave the budget looser 

than intended. To manage that risk, we set out in Table 10.1 the 

appropriate budget level and emissions reduction under the different 

choices that could be made in the forthcoming changes to the inventory 

methodology. 

• Should these methodological decisions come after the relevant point when 

the level of the budget could be changed, this is would potentially leave 

some contingency within the budget (see Chapter 2, section 3). 

 

While the Committee recommends that the Sixth Carbon Budget formally includes 

the UK’s share of IAS emissions (see section 3) and the forthcoming inventory 

changes, for comparison with earlier targets we also present in Table 10.1 the 

emissions reduction by 2035 on a basis that excludes IAS emissions. 

 

As required by the Climate Change Act and by the standard international 

accounting approach agreed by the UNFCCC, UK carbon budgets are set on a 

territorial basis (i.e. based on emissions arising from UK sources, not emissions 

embedded in goods and services consumed in the UK). 

 

However, the Committee is clear that progress must also be made in addressing 

emissions measured on a consumption basis (also known as the UK’s carbon 

footprint), and indeed on the wider impacts of UK activity (e.g. including finance 

and aid). We discuss these issues further in Chapter 7.  

 

While territorial emissions remain the best basis for UK carbon budgets, the 

Committee will continue also to scrutinise progress on consumption emissions and 

recommend policies that reduce both. We will monitor consumption emissions 

against a Paris-aligned trajectory in our future annual Progress Reports to 

Parliament. If UK territorial emissions are reduced to Net Zero and UK trading 

partners reduce their emissions in line with the Paris Agreement we estimate (in 

Chapter 7) that UK consumption emissions would be around 90% below 1990 levels 

in 2050. 

 

 

 

Current methods to estimate 
emissions will be improved 
upon in future. 

The precise impact of these 
changes is not yet certain. 

Territorial emissions are the 
best basis for UK targets, but 
we will track consumption 
emissions against a Paris-
aligned trajectory. 
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Table 10.1 

Emissions reduction by 2035 on different bases  

 Reduction on 
1990 levels 

Reduction on 
2010 levels 

Reduction on 
2019 levels 

Including IAS, higher inventory changes  
(the basis for our recommended Sixth Carbon Budget) 

78% 72% 63% 

Including IAS, lower inventory changes 80% 74% 65% 

Including IAS, no inventory changes 81% 76% 68% 

Excluding IAS, higher inventory changes 82% 76% 67% 

Excluding IAS, lower inventory changes 84% 78% 69% 

Excluding IAS, no inventory changes 85% 80% 72% 
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2. Nationally Determined Contribution for 2030  

On 12 December 2020, three days after this report is published, the UK Government 

will co-host an event with the United Nations to mark the fifth anniversary of the 

Paris Agreement. This has been billed as an opportunity for world leaders to 

announce new and enhanced Nationally Determined Contributions (NDCs), which 

are due by the end of 2020 under the UN process. Now that the UK has left the EU it 

must submit its own NDC, which takes on particular significance as president of 

COP26 in Glasgow in November 2021. 

 

As set out in Chapter 7, the pathways to Net Zero developed for this report would 

be an appropriate basis for a UK NDC. They imply a progression from current 

targets, are designed to reflect the UK’s highest possible ambition based on 

current evidence, and represent an appropriate contribution to the temperature 

goal of the Paris Agreement that reflects the UK’s responsibilities and capabilities. 

 

The Balanced Net Zero Pathway that underpins our advice on the level of the Sixth 

Carbon Budget reaches 316 MtCO2e in 2030 including the UK’s share of 

international aviation and shipping (IAS) emissions, and 277 MtCO2e without IAS. 

These imply reductions of 64% and 68% respectively on 1990 levels.*  

 

While IAS emissions must be tackled (and we recommend that they are included in 

the Sixth Carbon Budget) we recognise the value in the UK aligning to the 

conventional UN approach by separating these out in its NDC. 

• The UN process treats IAS emissions separately, with these reported as a 

separate category and excluded from totals in national territorial emissions 

accounts. 

• IAS emissions are covered by the respective UN bodies – the International 

Civil Aviation Authority (ICAO) and the International Maritime Organisation 

(IMO) – rather than by the UN Framework Convention on Climate Change. 

• IAS emissions are not explicitly covered by the Paris Agreement, but they 

must be addressed to meet the Paris temperature goal. 

• Existing NDCs generally have been proposed on a basis that excludes IAS 

emissions. 

 

We recommend that the UK NDC is set to require at least a 68% reduction in 
emissions from 1990 to 2030 on a basis that excludes emissions from international 
aviation and international shipping, in line with UN convention. A clear 
commitment should also be made to tackle IAS emissions: 

• The UK’s NDC for 2030 should be for a reduction of at least 68% in UK 

emissions compared to 1990 levels, excluding the UK’s share of international 

aviation and international shipping emissions and without any contribution 

of emissions credits. This equates to a 57% reduction on 2010 emissions on 

the same basis. 

 

 

 
 
* As for the carbon budget, these reductions anticipate forthcoming inventory changes at the high end of the range. 

The UK’s NDC is an important 
signal ahead of COP26 in 
Glasgow. 

We recommend an NDC 
based on our Balanced 
Pathway. 

In line with international 
convention, we recommend 
an NDC on a basis that 
excludes IAS emissions. 

We recommend an NDC for 
at least a 68% reduction in 
emissions by 2030 on 1990 
levels (57% on 2010 levels). 
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• The NDC should also commit to further action on IAS in the period before 

2030. For example, the UK could commit to reducing emissions from 

international aviation and shipping by a combined 11% from 2019 to 2030 in 

line with the Balanced Pathway in this report, and set a trajectory to 

achieving Net Zero by 2050, requiring supporting strategies for both aviation 

and shipping. This would be equivalent to an overall reduction of 64% by 

2030 in UK territorial emissions including IAS, relative to 1990. 

• The Government could choose to use credits to go beyond the 68% 

reduction as a greater contribution to supporting global emission reduction 

efforts. 

 

The Paris Agreement emphasises the importance of clarity and transparency in 

NDCs. To support that, Table 10.2 sets out our proposed NDC fo r the UK’s 2030 

emissions on various different bases. The UK’s publication should also demonstrate 

how the NDC meets the requirements of the Paris Agreement in terms of 

supporting the global effort, reflecting equity and being the UK’s highest possible 

ambition on the path to its long-term target for Net Zero greenhouse gas emissions 

by 2050. 

 

The NDC should also refer to the UK’s efforts on climate adaptation (to be set out 

further in an Adaptation Communication) and refer to how the UK is supporting 

increased ambition overseas, for example through capacity building, technology 

development and climate finance (to be set out further in the UK’s Article 9.5 

communication). 

 

We set out in Chapter 7 actions that the UK should consider in supporting increases 

in global effort and ambition, including approaches for tackling consumption 

emissions, use of trade policy and climate finance. 

 

Table 10.2 

Emissions reduction by 2030 on different bases  

 Reduction on 
1990 levels 

Reduction on 
2010 levels 

Reduction on 
2019 levels 

Including IAS, higher inventory changes  
(the basis for our recommended Sixth Carbon Budget) 

64% 54% 39% 

Including IAS, lower inventory changes 66% 56% 41% 

Including IAS, no inventory changes 66% 56% 41% 

Excluding IAS, higher inventory changes 

(the basis for our recommended NDC) 
68% 57% 42% 

Excluding IAS, lower inventory changes 70% 59% 43% 

Excluding IAS, no inventory changes 70% 60% 45% 

 

 

 

 

 

 

 

 

 

 

 

Alongside this, action is 
required on international 
aviation and shipping. 
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3. Increasing effort during existing carbon budgets 

Over the formation and execution of the Climate Change Act, the UK has moved 

from a 2050 target to reduce CO2 emissions by at least 60%, to a target to reduce 

emissions of all greenhouse gases by at least 80% to the new Net Zero target 

requiring a 100% reduction, all relative to 1990. Each new carbon budget must be 

directed by the new goal – the Sixth Carbon Budget will be the first set on the path 

to the more ambitious Net Zero goal. 

 

This section discusses the implications of having adopted increased ambition for 

2050, and other changes, on the carbon budgets already in law. Delivering our 

Balanced Net Zero Pathway would imply considerably greater action than 

expected when the Fourth and Fifth Carbon Budgets were set (covering 2023-2027 

and 2028-2032 respectively). That will require outperformance of the fifth budget if 

the UK is to be on track to the sixth budget. That outperformance should not be 

used to water down the Sixth Carbon Budget. 

 

We set out the analysis in three parts: 

a) The new path for emissions 

b) Implications for the existing carbon budgets 

c) ‘Carrying forward’ outperformance of carbon budgets 

 

a) The new path for emissions 
 

The existing five carbon budgets out to 2032 were set on the path to the old 80% 

target for 2050. However, inclusion of emissions from international aviation and 

shipping (IAS) in carbon budgets and forthcoming revisions to the baseline 

emissions estimates will make previously legislated carbon budgets harder to 

achieve (Figure 10.2 and Box 10.2). In combination with the requirement to meet 

Net Zero by 2050, and the shift to judge budgets on actual emissions rather than 

the UK carbon account, this implies a much steeper trajectory for UK emissions 

reduction than was previously projected, but from a higher starting point.  

 

The overall impact of the steeper trajectory and the accounting changes roughly 

offset for the Fourth Carbon Budget but not for the Fifth (Figure 10.3): 

• Fourth Carbon Budget (2023-27). The legislated level of the fourth budget 

remains broadly appropriate, if IAS emissions remain excluded and judged 

on an ‘actual emissions’ basis, given the current evidence. There is limited 

potential for the steeper path towards Net Zero to lead to extra emissions 

reductions by the mid-2020s, and this is offset by the forthcoming changes 

to the emissions inventory. However, depending on lasting economic 

impacts from the COVID-19 pandemic, it is possible that this budget will be 

outperformed if the Government deliver all the actions in our Balanced 

Pathway. 

• Fifth Carbon Budget (2028-32). The legislated Fifth Carbon Budget allows for 

emissions of 345 MtCO2e per year over the five-year period. This budget is 

looser than our Balanced Pathway, even if IAS emissions are included within 

its scope: 

 

The Sixth Carbon Budget is on 
the path to Net Zero, but the 
other carbon budgets were 
set on a path to 80%. 

To 2025, the steeper path is 
offset by increases in emissions  
estimates, so the fourth 
budget is in the right place. 

By 2030, the steeper path 
becomes more important - the 
existing fifth budget is out of 
line with the necessary path. 
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– Excluding IAS emissions. On that scope of emissions, under the 

Balanced Pathway on the path to the sixth budget and Net 

Zero by 2050 emissions would be 278 Mt per year on average 

over the period 2028 to 2032. 

– Including IAS emissions. Even if IAS were included in the scope 

of the Fifth Carbon Budget, the legislated level would still be 

looser than the 317 Mt per year for 2028 to 2032 under our 

Balanced Pathway when including IAS emissions.  

 

Figure 10.2 The Balanced Net Zero Pathway, 
compared to the Fifth Carbon Budget  

cost-effective path 

 

Source: CCC analysis 

Notes: Adjustments for IAS emissions based on IAS emissions under the Balanced Net Zero Pathway, unadjusted for 

COVID-19 impacts. 

 

Box 10.2 
Emissions measurement and accounting issues affecting the Fifth Carbon Budget 

Alongside the steeper reductions in emissions required for Net Zero, there is a range of 

other changes to consider that make consideration of the existing carbon budgets more 

complicated. The forthcoming changes to the methodology for estimating emissions 

under the greenhouse gas inventory (see subsection (g) of section 1) increase estimated 

emissions for 2030, while the inclusion of the UK’s share of IAS emissions (see section  3) 

would increase them further: 
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• Steeper rates of emissions reduction required. Over the 2020s, the new pathway 

implies a reduction of 18 MtCO2e per annum, compared to 12 Mt per annum under 

the pathway set out in the advice on the Fifth Carbon Budget. This means that an 

additional 66 Mt of emissions reductions are needed by 2030. 

• Accounting for actual rather than ‘net’ emissions. The Fifth Carbon Budget was set on 

the basis of the Committee’s advice that anticipated that the UK would continue to 
participate in the EU Emissions Trading System, and that it would be a net seller of 

allowances in 2030. Under the Committee’s pathway for actual emissions, total 

emissions would have been lower by 31 Mt per annum in 2030 than implied by the 

legislated fifth budget.  

• Peatland and global warming potentials (GWPs). Estimates of UK emissions, all the way 

back to 1990, will increase over the next few years due to improvements to estimates 
of the climate impacts of non-CO2 greenhouse gases and the widened scope of the 

set of land use emissions included in the inventory. This will increase estimated UK 

emissions by between 13 and 29 MtCO2e per year, depending on forthcoming 

methodological decisions on how they are estimated (see Box 2.1in Chapter 2). 

• Inclusion of international aviation and shipping (IAS) emissions would add a further 40 

MtCO2e per annum in 2030, based on the Balanced Net Zero Pathway for IAS 

emissions. 

Overall, this means that even higher assumed GWPs and with the wider scope of 

emissions from peatland, aviation and shipping, the legislated Fifth Carbon Budget would 

be too loose by at least 28 MtCO2e per annum in 2030. Without inclusion of IAS emissions, 

this gap between emissions allowed by the Fifth Carbon Budget and that implied by the 

Balanced Pathway would increase to at least 68 Mt per annum in 2030. 

 

 

Figure 10.3 Existing carbon budgets compared 
to the Balanced Net Zero Pathway  

(with and without IAS) 

 

Source: CCC analysis 

Notes: Emissions shown on an AR5 basis, including peatlands. 
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b) Implications for the existing carbon budgets 
 

Ideally, all future carbon budgets would be aligned with the pathway to achieve 

Net Zero by 2050. This would fulfil the intention of the Climate Change Act for these 

nearer-term budgets to ensure that action is on track for the long-term target. 

 

It is our assessment that the Fourth Carbon Budget is on track with the Balanced 

Net Zero Pathway, but that the Fifth Carbon Budget is not. Nor, therefore, is it 

aligned to our recommended NDC for 2030. 

 

It is for the Government to decide whether the currently legislated budgets are 

amended to bring them in line with the revised 2050 target or the 2030 NDC, but 

the Committee does not consider it to be necessary. Forthcoming revisions to the 

UK’s emissions inventory will make existing carbon budgets more challenging. The 

setting of the Sixth Carbon Budget for 2033-37 in accordance with the 

Committee’s advice will also require that the UK cuts emissions in line with the 2030 

NDC to remain on track. Once the sixth budget is legislated, the trajectory towards 

it will have legal force given the requirement in the Climate Change Act that the 

Government prepare policies to meet the 2050 target and all legislated carbon 

budgets. 

 

If the Government wish to align the fifth budget to our recommended NDC, it 

would need to change to 1,585 MtCO2e (assuming the Government enacts the 

power in sections 30-31 of the Climate Change Act to include emissions from 

international aviation and shipping). 

 

That revision would be permissible under the Climate Change Act - since the 

adoption of the UK Net Zero target is clearly a significant change affecting the 

basis for the Fifth Carbon Budget – and under the Paris Agreement – since the 

revised budget would respect the ‘ratchet principle’ as a clear progression in 

ambition on the current commitment. 

 

The Committee will track progress against the Balanced Pathway set out in this 
report and the UK’s NDC for 2030 (implying emissions of 1,585 MtCO2e, including IAS 

emissions, over the Fifth Carbon Budget period), as our best indication of what is 

required to stay on track to our recommended Sixth Carbon Budget and the UK’s 

2050 Net Zero target. 

 

The Government has also recognised the need to go further and increased its 

ambition in several areas compared to previous plans set out in the 2017 Clean 

Growth Strategy. For example, moving the phase-out date earlier for new sales of 

petrol and diesel cars and vans, and increasing ambition on offshore wind to 2030. 

Our pathways in this report demonstrate the need to go further across the 

economy (Table 10.3). 

 

  

With the NDC for 2030, and  
the fourth and sixth carbon 
budgets in the right places, it is 
not necessary to change the 
Fifth Carbon Budget. 

Should the Government 
choose to amend the Fifth 
Carbon Budget, its level should 
be 1,585 MtCO2e. 

We will track progress against 
the Balanced Pathway set out 
in this report and the UK’s NDC 
for 2030, rather than the 
existing Fifth Carbon Budget. 
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Table 10.3  
Actions in our scenarios that were not included in the Fifth Carbon Budget scenarios by 2030 

 How are the actions different in the 2020s? 

Surface 
transport 

• BEVs make up the vast majority of new car and van sales by 2030 (reaching 100% by 2032), instead 

of 2035. 

• Slightly higher assumed levels of demand reduction for cars, avoiding 6% of car-kilometres by 2030. 

Buildings • Hydrogen trials occur on the gas grid in the 2020s, with regional conversion of the gas grid near 

industrial clusters from 2030. Hydrogen is used in boilers, hybrid heat pumps and to service some 

heat networks. 

• Greater levels of household flexibility are included in our scenarios, facilitated by behaviour 
change in the form of pre-heating, as well as by technologies such as thermal storage and hybrid 

heating configurations. We also consider the impacts of multizone controls in homes and new 

business models such as heat-as-a-service. 

• Heat pumps in public and commercial buildings make up around a quarter rather than a fifth of 

heat demand by 2030 and a large portion are air to water heat pumps (not previously included). 

Fuel supply • Measures to abate emissions from fossil fuel supply are accounted for, including electrification of oil 

and gas platforms, reduced venting and flaring and reductions in methane leaks from the gas grid. 

• Our new scenarios include low-carbon hydrogen production (and associated emissions).  

• Wider variety of bioenergy supply routes, with biomass, biogas and bio-wastes used in biojet, 

biodiesel, heating biofuels, biomethane and biohydrogen production, either building on today’s 

commercial production (e.g. biomethane expansion) or new routes starting in the late 2020s or 

2030. 

• Low-carbon ammonia production for shipping by 2030. 

Aviation • Aviation emissions were flat in the 2020s in order to meet the 37.5 MtCO2 planning assumption used 

in the fifth carbon budget. Our scenarios now have larger improvements in fuel efficiency and 

uptake of biofuels in the 2020s, and lower demand post-COVID. 

Shipping • Widespread roll-out of low-carbon ammonia as a fuel starts in 2030. 

Agriculture and 
land use 

• Our analysis includes all peatland emissions, and our scenarios include new sources of emissions 

savings from behaviour change (e.g. diet change), energy crops and peat restoration. 

Greenhouse 
gas removals 

• Bioenergy with CCS (BECCS) starts deployment in the late 2020s, rather than the mid-2030s. 

• Direct air capture of CO2 with storage (DACCS) also included. 

Electricity 
generation 

• Carbon intensity of generation reaches under 50 gCO2/kWh in 2030, compared to below 100 

gCO2/kWh in the Fifth Carbon Budget scenarios. 

• That reflects, for example, deployment of 40 GW of offshore wind capacity by 2030 compared to 
25 GW previously. Our new scenarios also include some use of low -carbon hydrogen starting in the 

second half of the 2020s, which was not included in the previous analysis. 

Manufacturing 
& Construction 

• Resource efficiency measures are included in the analysis.  

• Energy efficiency is included outside of the eight most energy-intense manufacturing sectors. 

• Fuel switching is applied more widely. The CB5 scenarios had no fuel switching of process heat 

outside of the eight most energy intense sectors. Hydrogen was also not included in CB5 scenarios.  

Waste • Biodegradable wastes are still banned from landfill in 2025, although there is now greater action on 

waste prevention as well as recycling in the 2020s (reaching 70% by 2030 and earlier in the DAs), 

phasing out waste exports by 2030, and increasing landfill methane capture rates. 

• Our scenarios now also have actions taken in wastewater (installing advanced anaerobic 

digestion) and composting (installing aeration). 
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c) ‘Carrying forward’ outperformance of carbon budgets 
 

The Climate Change Act allows for the ‘carry forward’ of outperformance of 

carbon budgets to help meet the subsequent budget, subject to the advice of the 

Committee. 

 

Our recommended Sixth Carbon Budget is predicated on it being achieved 

without any such carry forward of outperformance from preceding carbon 

budgets. The level of this budget has been designed to get the UK on track to Net 

Zero by 2050 – using earlier outperformance to reduce the amount of effort would 

not achieve this. If the Government were to carry forward outperformance from 

earlier budgets, the Sixth Carbon Budget would need to be tighter. 

 

More generally, carry forward of outperformance should be avoided, as it would 

lead to worse climate outcomes and risks the meeting of later targets given the 

stretching nature of the Net Zero target: 

• Carrying forward outperformance to subsequent budget periods would 

allow an increased level of emissions in that later period. 

• Given the importance of cumulative emissions in determining climate 

outcomes (see Chapter 7), increasing allowed emissions in later periods 

should be avoided. This would also be contrary to the principle of ‘highest 

possible ambition’ under the Paris Agreement. 

• As well as increasing cumulative emissions, any loosening of later carbon 

budgets that enables effort to be reduced is likely to increase risks in 

meeting subsequent carbon budgets and Net Zero, given the stretching 

nature of these targets. 

 

We therefore recommend that, as a rule, outperformance of carbon budgets is not 
carried forward to subsequent periods.  
 
More generally, given the extremely large outperformance for the Third Carbon 

Budget now expected, for reasons other than policy (i.e. changes in the EU ETS 

and the impact of COVID-19 on emissions), it is especially important that ‘surplus’ 

emissions are not carried forward. Existing budgets are already on track or too 

loose for a path to Net Zero, so there could be no justification to carry forward 

outperformance of the third or subsequent carbon budgets.  

  

The Act potentially allows for 
surpluses from carbon budgets 
to help meet subsequent 
budgets, but this is not 
consistent with the Paris 
Agreement. 

As a rule, outperformance of 
carbon budgets should not be 
carried forward to subsequent 
periods. 
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4. Traded-sector emissions and UK emission trading system cap 

This section sets out the Committee’s advice on the contributions from different 

sectors of the economy and on emissions covered by emissions trading, as 

required under section 34 of the Climate Change Act. It is in three parts: 

a) Emissions accounting and the role for emissions trading 

b) The path for ‘traded sector’ emissions 

c) Sectoral contributions to emissions reduction 

 

a) Emissions accounting and the role for emissions trading 
 

As set out in section 1, the Committee is recommending a carbon budget based 

on actual emissions, including UK greenhouse gas removals but without adjusting 

for potential cross-border trading of carbon emissions. That is practical given that 

the UK will leave the EU Emissions Trading System (EU ETS) at the end of this year 

and will help improve transparency. 

 

However, emissions trading, and carbon pricing more generally, remains an 

important tool in delivering the transition to Net Zero. The Government has 

proposed a UK Emissions Trading System (UK ETS) and committed to consulting on 

aligning its cap with Net Zero.2 The pathways set out in this report provide a basis 

for setting a Net Zero-aligned cap. 

 

For now, we assume that the scope of emissions covered by emissions trading (the 

‘traded sector’) remains as currently under the EU ETS, with the potential addition 

of engineered greenhouse gas removals (GGR) given their potential in the sectors 

already covered by the EU ETS (e.g. power generation, industry and hydrogen 

production).  

 

If a UK ETS is set up following the UK’s departure from the EU ETS, the rules are likely 

to default to those currently in place under the EU system. Such a mirroring should 

not be retained indefinitely. It will be important for the UK system to evolve from the 

current EU ETS rules, specifically to include engineered removals as being able to 

contribute to meeting the emissions cap. The EU ETS is also likely to need to do so at 

some point, in order to meet the EU’s Net Zero goal.  

 

We note that, should the UK set up its own ETS to follow on from the EU ETS, the 

Government has committed to setting the cap from 2023, following the 

Committee’s advice on a suitable trajectory. It has also committed to review the 

scope of the trading system in 2023 with a view to potentially including additional 

sources of emissions shortly thereafter.  

 

The Committee will review the arrangements to follow the UK’s exit from the EU ETS 

at a later date. 

 

The cap for a UK Emissions 
Trading System should be 
based on the Balanced Net 
Zero Pathway. 
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b) The path for ‘traded sector’ emissions 
 

The path to Net Zero entails further sharp reductions in power sector emissions by 

2030, strong reductions in point-source industry emissions and the deployment at 

scale of low-carbon hydrogen production, while engineered removals start to be 

deployed in the late 2020s: 

• Power sector emissions continue to fall sharply to 2030 under the Balanced 

Net Zero Pathway, reaching a carbon-intensity of just under 50 gCO2/kWh 

by that date due to large-scale deployment of renewables and nuclear 

and the emergence of decarbonised back-up generation on the path to 

phasing out unabated fossil generation entirely by 2035. 

• Traded-sector industry emissions fall significantly between 2020-2030, 

reducing by 49% compared to those in 2019 due to the potential for 

solutions such as carbon capture and storage and hydrogen to be 

deployed at large sites and industrial clusters.  

• Aviation emissions from domestic and intra-EU flights are currently traded in 

the EU ETS. After recovery from COVID-19, passenger numbers stay relatively 

flat during the 2020s. Emissions gradually fall between 2023-2030 to around 9 

MtCO2/year by 2030, due to efficiency improvements and initial uptake of 

sustainable aviation fuels. 

• Fossil fuelled hydrogen production facilities are currently part of the EU ETS, 
so we would expect the new methane reformation facilities in our scenarios 

to submit emissions allowances for any CO2 not captured by CCS. In our 

scenarios these facilities produce 8 TWh of low-carbon hydrogen in 2030, 

releasing 0.1 MtCO2/year at 95% CO2 capture rate.  

• Removals. Deployment of bioenergy with CCS (BECCS) starts in 2027 and 

rises to 5 MtCO2 per year by 2030. 

 

On this basis, we recommend the level of traded sector emissions consistent with 
our Balanced Pathway is used as the basis for a UK emissions trading system cap 
from 2023 to 2030,* with the cap on emissions falling to 61 MtCO2 per year by 2030 if 
excluding greenhouse gas removals or 57 MtCO2 per year if they are included 
(Table 10.4). 
 

Table 1.11:Table 1.11 

Table 10.4 
Traded sector emissions in 2023-30, based on current scope plus potential inclusion of engineered removals 

MtCO2e 2023 2024 2025 2026 2027 2028 2029 2030 

Electricity supply 39 39 36 26 21 18 16 14 

Industry (manufacturing, construction & 
fuel supply) 

57 55 52 48 45 42 38 34 

Domestic and intra-EU aviation 10 10 10 10 10 10 9 9 

Proposed ETS cap (for currently traded 
sectors) 

106 104 98 84 76 70 64 57 

Engineered removals 0 0 0 0 -1 -1 -4 -5 

 
Source: CCC analysis 

Notes: Engineered removals not included in overall cap level in table.  
 

 

 
* The Government has committed to aligning the cap of the scheme to the CCC’s proposed pathway from as early as 

January 2023. See HMG (2020) The future of carbon pricing. 

We provide an estimate of the 
appropriate cap for a UK 
Emissions Trading System from 
2023. 
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As set out in our previous advice on the UK ETS, carbon trading and the resulting 

carbon price should be used as one policy lever within a wider policy package to 

drive emissions down. Chapter 10 considers the broader policy requirements across 

the economy. 

 

We will return in future advice to the question of whether the scope of the UK ETS 

should be widened. If other sectors are added, the cap should be adjusted in line 

with their emissions trajectories set out in our Balanced Pathway. 

 

c) Sectoral contributions to emissions reduction 
 

The Climate Change Act requires the Committee to advise on the contribution to 

meeting carbon budgets from sectors not covered by emissions trading. Currently 

that covers emissions from transport, buildings, agriculture, land, waste, F-gases 

and less-energy-intensive industry. 

 

Our expectation for those sectors is also that they contribute in line with the 

Balanced Pathway. Overall, we expect them to deliver proportionately smaller 

reductions than the traded sector by 2035, by when we expect their share of UK 

emissions to have increased to over 85%, from 75% in 2019 (Figures 10.4 and 10.5). 

 

Figure 10.4 Traded and non-traded emissions in 
the Balanced Net Zero Pathway 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis.  

Notes: Traded sector abatement for manufacturing, construction and supply is calculated by a split of traded: non-

traded emissions in these sectors in 2020. Engineered removals are counted in the trade sector in this chart. 

 

 

However, it is currently unclear 
what framework will follow UK 
exit from the EU ETS – the 
Committee will advise further 
when things are clearer. 
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Figure 10.5 Traded and non-traded emissions in 
the Fifth Carbon Budget and Sixth Carbon Budget 

analysis 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis.  

Notes: 5CB pathways have been adjusted to account for inventory changes in the non-traded sector. 6CB 

pathways are for the Balanced Net Zero Pathway. Non-traded emissions are initially lower in the Fifth Carbon 

Budget pathway in 2020 as traded emissions from aviation are not included, as well as a lack of policy action in 

these sectors since publication in 2015. Engineered greenhouse gas removals (GGRs) are excluded from this chart. 
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5. Next steps: A Net Zero plan and monitoring of progress  

Following this advice, the Government must set the Sixth Carbon Budget in law by 
the end of June 2021. This must be followed, as soon as is practicable, by a set of 
policies and proposals to meet the budget. We recommend that both these steps 
are taken without delay, in the first half of 2021. 
 

That would demonstrate the UK’s climate credentials as president of COP26 and is 

necessary given the limited time available to accelerate emissions reductions as 

needed to meet the budget. We expect to report on the Government’s strategies 

in our next annual Progress Report in June 2021. 

 

This section sets out our expectations for the Government response, and the 

evolving role of the CCC after this advice. 

 

a) The Government response to this advice 
 

The Climate Change Act (sections 13 and 14) requires that the Government 

develop policies and proposals that would ‘enable’ the carbon budgets and 2050 

target to be met. It is inevitable that not all proposals will be fully developed and 

implemented by early next year. However, the Committee’s interpretation of the 

requirements of the Act (and of good policymaking) is that the Government 

should clearly and quantitatively demonstrate how its proposals will deliver the 

Sixth Carbon Budget. 

 

That should be the goal of the Government’s response to this advice, which should 

set out a quantified set of policy proposals to deliver the Sixth Carbon Budget and 

later Net Zero target: 

• The Government’s Energy and Emissions Projections ‘Reference Scenario’ 

sets out expectations for emissions through the carbon budget periods 

under ‘implemented, adopted and agreed’ policies, where the impact of 

these policies has been quantified. The latest publication projects a 57%* 

reduction in emissions from 1990 to 2035 – a long way short of the 72% 

reduction required by our recommended Sixth Carbon Budget on the same 

basis.  

• Many other policies have been announced or are being developed. These 

include, for example, the Buildings and Heat Strategy, the Transport 

Decarbonisation Plan, the energy White Paper, a hydrogen strategy and 

the National Infrastructure Strategy. For the purposes of section 14 of the 

Climate Change Act, the Government should set out the intended effect 

of these policies and ‘the time-scales over which those proposals and 

policies are expected to take effect’. They should progress as soon as 

possible to full implementation. 

• If these proposals in sum are insufficient to deliver the Sixth Carbon Budget 

the Government should set out the areas where it will develop further and 

stronger policies to deliver deeper emissions reductions, and quantify the 

expected effect of those. 

 

 
*   Estimate on an AR4 basis, excluding inventory revisions for peatland and emissions from international aviation and 

international shipping. BEIS (2020) Updated Energy & Emissions Projections 2019. 

The Government should 
legislate the Sixth Carbon 
Budget and set out its plans 
without delay. 
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• If as individual policies progress, their expected impact is reduced, then 

they must be compensated by increasing the impact from other policies or 

by introduction of new policies to fill the gap. The Government’s response 

should therefore also set out an approach to its own tracking of policy 

development and progress to ensure that it stays on track to the Sixth 

Carbon Budget as circumstances and expectations change. 

 

We are publishing a separate ‘Policy report’ alongside this ‘Advice report’ where 

we set out the policy priorities that the Committee has identified to get on track to 

the recommended Sixth Carbon Budget and Balanced Net Zero Pathway. We are 

also publishing the advice from our Expert Advisory Group on Policy,3 whose 

advice is summarised in our Policy report. 

 

These are intended to demonstrate broadly how the required changes might be 

delivered. They are not intended to be prescriptive where other means could 

achieve the same ends. 

 

 

The Government should set 
out an approach to ensure 
that progress stays on track. 
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b) Summary of policy recommendations 
 

Delivering the actions required in the 2020s to meet the Sixth Carbon Budget 

requires policies to be strengthened now. Matching strong ambition with action is 

vital for the UK’s credibility, with business and with the international community. 

Action in early years underpins the transition by developing options and driving 

learning-by-doing in key technologies. It keeps open the possibility that i f faster 

progress proves possible, it can be taken in further support of the global 1.5°C goal. 

 

A vital challenge is to ensure that the transition is fair, and perceived to be fair. 

That was a key theme from the recent UK Climate Assembly, and it is clear that 

engaging and involving the public in the transition and in policy design will be vital. 

The Treasury Net Zero Review must identify fair ways to share the costs and benefits 

of the transition and the Government must develop effective plans for a just 

transition while embedding the principle of fairness throughout policy. Plans should 

recognise interactions with other transformations, such as digitalisation. Place and 

skills will be key dimensions to consider, so it is vital that UK Government policy joins 

up well with local, regional and devolved policy on the just transition. 

 

We identify priorities for every sector of the economy, building on our detailed 

recommendations in our Progress Report in June.  

• Surface transport. A comprehensive policy package will be needed to 

deliver on the Government’s new commitment to phase out new sales of 

petrol and diesel cars and vans by 2030, including ensuring that plug-in 

hybrids play no more than a niche role by then. A further commitment 

should be made to phase out sales of diesel HGVs by no later than 2040, 

supported by large-scale trials in the near term. Recharging and refuelling 

infrastructure will need to develop to meet the range of emerging needs. 

Effective demand-side policy is also essential – we identify significant 

opportunities, and advantages, to reducing travel demand, but this will not 

happen without firm policies.  

• Industry. For the manufacturing, construction and fuel supply industries, the 

Government must move from the current piecemeal approach to a 

comprehensive transition support framework. Taxpayer funding will be key 

in early years to ensure industries stay internationally competitive while 

reducing emissions. The development of longer-term policies, such as 

border tariff adjustments or carbon standards, should begin immediately, 

for example through development of improved measurement of carbon-

intensity. Policy must tackle both the demand-side and supply-side for low-

carbon products and ensure relevant infrastructure is available when 

needed. 

• Buildings. Government must produce a robust and ambitious Heat and 

Buildings strategy which sets the direction for the next decade, with clear 

signals on the phase-out of fossil heating, rebalancing of policy costs 

between electricity and gas, commitments to funding and delivery plans 

which include regional and local actors. Our Balanced Pathway is 

underpinned by a clear timetable for standards to make all buildings 

energy efficient and ultimately low-carbon. The other priorities are rapidly 

to scale up supply chains for heat pumps and heat networks and to 

develop the option of hydrogen for heat. Proper enforcement of standards 

and an effective approach to skills are essential.  

• Electricity generation. Low-risk instruments like the auctions of renewable 

contracts should continue to support the scale-up of low-carbon 

generating capacity.  

Only a just transition will be 
successful. 

Policy throughout the 
economy must be clear, 
effective and fair. 
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Policy should address barriers to the major scale-up required, for example 

by supporting the coordination of connections from offshore windfarms into 

the onshore network and greatly strengthening the UK’s power grid. 

Following on from the 2024 coal phase-out, gas-fired power without CCS 

should be phased out by 2035. Work to improve markets for the provision of 

flexibility must accelerate to accommodate the increasing shares of 

variable power. 

• Low-carbon hydrogen. The Government’s Hydrogen Strategy is due to be 

published in spring 2021. It will need to set out a vision for hydrogen’s role in 

meeting Net Zero in the longer term, together with the actions, regulations 

and incentives across end-use applications and hydrogen supply to 

develop hydrogen’s role over the next decade.  

• Agriculture and land. We set out detailed recommendations on policy for 

land and agriculture in January 2020. These must be implemented in a way 

that is fair to farmers. The priorities remain: a strengthened regulatory 

baseline to ensure low-regret measures are adopted; incentive schemes 

such as auctioned contracts to drive afforestation; and enabling measures 

to address issues such as skills, supply chains and barriers for tenant farmers. 

Policy design must account for the challenges of the changing climate and 

reflect wider environmental priorities, including for biodiversity, to harness 

potential synergies and avoid unnecessary trade-offs. Demand-side policies 

are also needed to cut food waste and encourage a reduction in 

consumption of meat and dairy. 

• Aviation and shipping. The UK will need strategies to reduce its emissions 

from aviation and shipping to Net Zero. It should help drive international 

processes through the International Civil Aviation Organisation and the 

International Maritime Organisation to strengthen ambition in line with Net 

Zero. Policy should also provide early-stage development support for 

engineered CO2 removals, sustainable fuels and more efficient, including 

electrified, craft. Demand-side measures should aim to limit aviation growth 

in line with our scenarios. 

• Waste policy should include a ban on landfilling biodegradable waste by 

2025, with recycling increasing to 70% by 2030. More policies are needed to 

reduce waste arisings, through the chain from manufacturing to the 

consumer. All remaining energy-from-waste plants should fit CCS by 2050. 

• F-gases. F-gas regulation already requires reduction of some sources; plans 

will need to extend to all sources. 

• CO2 removal. A full strategy is needed for CO2 removal, covering both 

nature-based and engineered options. It should cover initial development 

and demonstration, governance arrangements to ensure sustainability and 

that removals are permanent, and market pricing mechanisms and other 

routes to market development to support the scale-up required from the 

late 2020s. 

 

Net Zero and the Sixth Carbon Budget present a major coordination and delivery 

challenge. The Government must organise itself and its agencies to meet that 

challenge. The two Cabinet Committees for Climate Action – the Strategy 

Committee chaired by the Prime Minister and the Implementation Committee 

chaired by the BEIS Secretary of State – are an important element of that, but 

stronger governance and coordination will be needed, with delivery processes 

reaching out across all levels and localities of Government, across borders, and 

across UK businesses and people.  

 

Government must organise at 
all levels to meet the major 
delivery challenge of Net Zero. 

Aviation and shipping should 
be included in the Sixth 
Carbon Budget and must be 
tackled alongside all other 
emissions. 

1438  



Chapter 10: Recommendations on the Sixth Carbon Budget 444 

The Committee will continue to offer its support to developing the Government’s 

policy programme, and those of Scotland, Wales and Northern Ireland, and will 

scrutinise proposals carefully and transparently.  

 

c) The evolving role of the CCC 
 

Following this advice, the Committee’s main role will switch from advising on 

climate targets (as we have in this report and the Net Zero report in 2019) to 

monitoring progress towards Net Zero and the targets set on the path to it. That will 

begin with the Committee’s annual Progress Report to Parliament in June 2021. 

 

i) Monitoring progress towards Net Zero 
 

As in previous Progress Reports, we expect to monitor with a forward-looking 

perspective, aiming to identify potential shortcomings before they occur. To do 

that we will develop a new set of progress indicators based on the Balanced Net 

Zero Pathway set out in this report and against which we will track progress in each 

sector of the economy. There may be some areas where progress is faster, and 

some where it is slower, but those must balance out across the economy if the 

budget is to be delivered. Currently expected progress is well below what is 

needed in almost all areas. 

 

For progress to be on track, effective policies must be implemented on a timely 

basis. In monitoring development of policy in each sector we will consider the 

following questions: 

• Is there a clear long-term direction? 

• Are there investable incentives for low-carbon options? 

• Are barriers to action being tackled? 

• Is policy preparing for future challenges as well as current ones? 

• Is policy addressing the particular issues for that sector, for example fuel 

poverty or competitiveness? 

 

More broadly we will also assess the Government’s progress on tackling the overall 

Net Zero challenge. That will involve a particular focus on fairness and the just 

transition (including the results of the Treasury’s Net Zero Review into how the costs 

and the benefits should be share), success in engaging and involving people 

across the UK, regional implementation and the Government’s approach to 

delivery. 

 

Given the increasing importance of climate commitments and action by 

businesses, including the financial sector, and local Government we will seek to 

extend our assessment into action by players beyond central and devolved 

Government. And as the UK hosts COP26, we will seek to support efforts to increase 

ambition globally and increase our international engagement. 

 

The Committee will now switch 
back towards a focus on 
delivery. 
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ii) Monitoring consumption emissions 
 

In Chapter 7 we set out a range of scenarios for the UK’s consumption emissions 

based on the Balanced Net Zero Pathway for territorial emissions and different 

levels of emissions reduction in the rest of the world. As set out in Chapter 7, there 

are levers available to the UK to influence these emissions and we noted that 

around 75% of the UK’s consumption emissions are, or soon w ill be, covered by Net 

Zero targets, while 45% of imported emissions are in the supply chains of UK firms. 

 

We do not recommend that the UK set a legal target for consumption emissions 

comparable to carbon budgets at this time: 

• Territorial emissions remain the agreed international approach to setting 

emissions targets and map most closely to UK levers of influence. 

• Estimates of consumption emissions are considerably more uncertain and 

only available with a significant lag (the latest current estimates are for 

2017). Estimates are more prone to changing with changes in assumptions 

or as a result of changes that do not reflect UK policy. 

 

However, there are strong arguments in favour of monitoring consumption 

emissions and considering policies to address imported as well as territorial 

emissions: 

• The UK’s consumption emissions are estimated to be around 50% higher 

than its territorial emissions. 

• Poor policy could lead to imported emissions increasing while territorial 

emissions fall, especially as the UK strengthens policy targeting sectors 

producing traded goods (e.g. manufacturing and agriculture). The carbon 

budgets should not be met by exporting our emissions and shutting down 

our industries. 

• The UK does have levers to affect imported emissions as well as territorial 

emissions (see Chapter 7). Some of these and other levers could even 

extend beyond the UK’s consumption emissions and help to encourage 

reductions in emissions outside the UK that are not imported to the UK. 

• Consumption emissions are recognised internationally. Demonstrating that 

the UK is considering them and taking action to reduce them can 

strengthen the UK’s credibility internationally and ability to encourage 

others to adopt high ambition. 

 

We therefore propose to track consumption emissions as a regular part of our 

progress monitoring in future. We set out an illustrative Paris-aligned trajectory in 

Chapter 7. If UK territorial emissions are reduced to Net Zero and UK trading 

partners reduce their emissions in line with the Paris Agreement, we estimate that 

UK consumption emissions would be around 90% below 1990 levels in 2050. 

 

We will further develop our analysis of consumption emissions with a view to 

developing indicators to provide more timely assessments of progress and to 

consider policies to address imported emissions (e.g. in trade agreements and 

supply chains). 

 

 

 

 

 

  

We do not recommend that 
the UK set a legal target for 
consumption emissions at this 
time. 

We will track consumption 
emissions against a Paris-
aligned trajectory. 
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1 House of Commons Hansard (12 June 2019) Net Zero Emissions Target, Volume 661, Columns 673 

and 682. 

2 HMG (2020) The future of carbon pricing 

3 CCC Expert Advisory Group report on cross-cutting policy: Sensitive Intervention Points to 

achieve net-zero emissions published on the CCC website 
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The Sixth Carbon Budget 

Manufacturing and construction 

1444  



2

This document contains a summary of content for the Manufacturing and 

construction sector from the CCC’s Sixth Carbon Budget Advice, Methodology 

and Policy reports. 
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The Committee is advising that the UK set its Sixth Carbon Budget (i.e. the legal limit 

for UK net emissions of greenhouse gases over the years 2033-37) to require a 

reduction in UK emissions of 78% by 2035 relative to 1990, a 63% reduction from 

2019. This will be a world-leading commitment, placing the UK decisively on the 

path to Net Zero by 2050 at the latest, with a trajectory that is consistent with the 

Paris Agreement. 

Our advice on the Sixth Carbon Budget, including emissions pathways, details on 

our analytical approach, and policy recommendations for the Manufacturing and 

construction sector is presented across three CCC reports, an accompanying 

dataset, and supporting evidence.  

• An Advice report: The Sixth Carbon Budget – The UK’s path to Net Zero,

setting out our recommendations on the Sixth Carbon Budget (2033-37)

and the UK’s Nationally Determined Contribution (NDC) under the Paris

Agreement. This report also presents the overall emissions pathways for the

UK and the Devolved Administrations and for each sector of emissions, as

well as analysis of the costs, benefits and wider impacts of our

recommended pathway, and considerations relating to climate science

and international progress towards the Paris Agreement. Section 1of

Chapter 2 contains an overview of the emissions pathways for the

Manufacturing and construction sector.

• A Methodology Report: The Sixth Carbon Budget – Methodology Report, 

setting out the approach and assumptions used to inform our advice.

Chapter 1 of this report contains a detailed overview of how we

conducted our analysis for the Manufacturing and construction sector.

• A Policy Report: Policies for the Sixth Carbon Budget and Net zero , setting

out the changes to policy that could drive the changes necessary

particularly over the 2020s. Chapter 3 of this report contains our policy

recommendations for the Manufacturing and construction sector.

• A dataset for the Sixth Carbon Budget scenarios, which sets out more

details and data on the pathways than can be included in this report.

• Supporting evidence including our public Call for Evidence, 10 new

research projects, three expert advisory groups, and deep dives into the

roles of local authorities and businesses.

All outputs are published on our website (www.theccc.org.uk). 

For ease, the relevant sections from the three reports for each sector (covering 

pathways, method and policy advice) are collated into self-standing documents 

for each sector. A full dataset including key charts is also available alongside this 

document. This is the self-standing document for the Manufacturing and 

construction sector. It is set out in three sections:  

1) The approach to the Sixth Carbon Budget analysis for the Manufacturing

and construction sector

2) Emissions pathways for the Manufacturing and construction sector

3) Policy recommendations for the Manufacturing and construction sector

Chapter 6 of our Advice Report includes further information on competitiveness.
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5 Sector summary – Manufacturing and construction 

The following sections are taken directly from Chapter 4 of the CCC’s 

Methodology Report for the Sixth Carbon Budget.1 

 

Introduction and approach 
 

This chapter sets out the method for the manufacturing and construction sector 

Sixth Carbon Budget pathways. 

 

The scenario results of our costed pathways are set out in the accompanying 

Advice report. Policy implications are set out in the accompanying Policy report.  

 

For ease, these sections covering pathways, method and policy advice for the 

manufacturing and construction sector are collated in The Sixth Carbon Budget – 

Manufacturing and Construction. A full dataset including key charts is also 

available alongside this document. 

 

We set out our analysis in the following sections. 

1. Background 

2. Options for reducing emissions 

3. Analytical approach 
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1. Background 

a) Current emissions 
 

Greenhouse gas emissions from manufacturing and construction were 66 MtCO2e 

in 2018, 12% of the UK total (Figure 4.1): 

• Manufacturing represents 90% (60 MtCO2e) of this sector’s emissions. Of 

these, 86% were from fuel combustion (for high- and low-grade heat, 

drying/separation, space heating and on-site electricity generation) and 

14% were process emissions (which arise from a range of chemical 

reactions e.g. from the calcination of limestone for cement). 

Manufacturing emissions are spread across a wide variety of subsectors 

(e.g. cement, iron and steel, chemicals). 

• The remaining 10% (6 MtCO2e) of emissions were from off-road mobile 

machinery (ORMM). Off-road mobile machinery is 77% construction and 

12% mining equipment. An additional 3% of emissions come from ORMM 

use in transport infrastructure (e.g. harbours, tunnels, bridges) with a wide 

variety of applications making up the rest of this subsector. Emissions in this 

sector come from the combustion of diesel, which is used as a fuel. 

• Most (98.6%, 65.4 MtCO2e) emissions were of CO2, 0.6% (0.4 MtCO2e) were 

of CH4 and 0.8% (0.5 MtCO2e) of N2O. 
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Figure M4.1 Breakdown of manufacturing and  
construction emissions (2018, 66 MtCO2e) 
 
  

 
Source: National Atmospheric Emissions Inventory (2020) Breakdown of UK GHG emissions by source and 

greenhouse gas; CCC analysis. 

 

Direct emissions from manufacturing and construction fell by 2% in 2019. Emissions 

were 56% below the 1990 baseline (Figure 4.2). More detailed sectoral data are 

produced with a one-year lag. The 1% rise in emissions in 2017 was largely due to 

rises in chemical process emissions, as well as process emissions from food, drink 

and tobacco. This followed a drop in 2016 from a reduction in iron and steel 

production, following the closure of Redcar steelworks in Teesside. 

 

We also analyse factors that contribute to a change in emissions, attributing 

changes to: 

• Output effects (e.g. recession-related emissions reduction); 

• Structural effects (e.g. manufacturing output moving towards less carbon-

intensive sectors); 

• Switching to fuels with higher or lower direct emissions (e.g. fossil fuel to 

electricity); and 

• Energy intensity (e.g. due to energy efficiency, changes in plant utilisation 

or product mix). 
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Our decomposition analysis1 suggests that over the period 2009-2017 industrial 

output grew 10%, and the 25% fall in direct CO2 emissions can be attributed to a 

structural movement towards a less carbon intensive mix of industrial output 

(accounting for 25% of the change), improvements in energy intensity (50%) and 

changes in fuel mix (25%).2  

 

 
Figure M4.2 Trends in manufacturing and  
construction emissions 
 

 
Source: National Atmospheric Emissions Inventory (2020) Breakdown of UK GHG emissions by source and 

greenhouse gas; CCC analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 Data supplied by Ricardo Energy and Environment 

2 Numbers rounded to nearest 5%. 
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2. Options for reducing emissions 

This section sets out the different options for reducing emissions from manufacturing 

and construction in the UK. 

 

a) Resource efficiency 
 

Reducing the flow of materials through the economy and using products more 

efficiently (and for longer) can reduce manufacturing emissions, as part of a shift 

towards a more circular economy. A range of different measures are detailed in 

Box 4.1 in section 3, and fall into two categories: reduced end-user consumption of 

resources, and more efficient use of resources in production. Some of these 

measures involve behaviour change on the part of the consumer. These typically 

involve increased recycling, using products for longer, and sharing resources (e.g. 

car clubs). 

 

b) Material substitution 
 

Material substitution can reduce manufacturing emissions by switching from high-

embodied-carbon materials to low-embodied-carbon materials. Measures include 

using wood in construction and using replacements to clinker (e.g. fly ash) in 

cement.  

 

c) Energy efficiency 
 

Using energy more efficiently reduces operating costs while cutting emissions. The 

energy efficiency measures that we include are ‘low-regret’ measures that often 

save significant fuel costs. Measures include process and equipment upgrades, 

installing/improving heat recovery systems, and clustering/networking with other 

sites and businesses to efficiently utilise waste heat and other by-products.  

 

d) Fuel-switching 
 

Fuel switching in manufacturing 
 

Hydrogen, electricity and bioenergy can all be used to meet heat, motion (and 

electrical) demands, thus replacing the use of fossil fuels and reducing GHG 

emissions. 

• There are a range of hydrogen, electrical and bioenergy heating 

technologies, which are designed to provide different types of heat 

demand. 

• Some fuels or heating technologies have wider potential than others. For 

example, biomass is not always suited to replacing natural gas for direct 

high-temperature heating because the resulting combustion gases have a 

less desirable composition than those from natural gas.  

• Biomass should only be used in applications with CCS in the long-term, 

based on the assessment of best uses in our Biomass Review.2 This 

combination is referred to as Bioenergy Carbon Capture and Storage 

(BECCS) and has the net effect of removing CO2 emissions from the 

atmosphere. These removals are counted in our Greenhouse Gas Removals 

sector (see Chapter 12). 

1452  



 

Sector summary – Manufacturing and construction 10 

• Each of these fuels is already used in the manufacturing and construction 

sector although sometimes they are not low-carbon and/or not used for 

energy. In 2018, 26% of energy demand in manufacturing and construction 

was met through electricity, with a further 12% from biomass and waste. 

– Electricity is currently used to meet a variety of energy demands 

in manufacturing and construction, including driving motors and 

to produce process heat. The largest electricity-using sectors are 

other manufacturing, chemicals, and food and drink. 

– Biomass and waste are currently used to produce electricity and 

heat in the cement and paper industries. Waste includes the use 

of waste solvents, wood, scrap tyres, and municipal solid waste.  

– Hydrogen is currently used in ammonia production, as an input to 

the Haber-Bosch process. This hydrogen is produced from fossil 

gas without CCS, so it is not low-carbon. Hydrogen production for 

fuel use is covered separately (Chapter 6).  

 

We group a couple of other technologies in with fuel-switching, that may be 

regarded as a process change, rather than fuel-switching. 

• In most existing primary steel production, coke (made from coal) is used as 

a reductant in blast furnaces. Hydrogen-based direct reduction of iron 

(DRI), can replace coke as the reductant with hydrogen (so, in part, the 

reductant is switched rather than the fuel). This process change leads to 

water vapour being produced, instead of CO2.  

• Electric arc furnaces (EAF) use different materials (e.g. recycled or scrap 

steel) to blast furnaces, so may be considered a different process, rather 

than fuel switching, although in this case the fuel is switched. 

 

Fuel switching in off-road mobile machinery (ORMM) 
 

Off-road mobile machinery (e.g. forklifts, generators) typically use diesel as a fuel. 

Multiple options are available to decarbonise ORMM, including electricity, 

hydrogen, and biodiesel. The sector will likely require a mix of these abatement 

options, given the wide range of equipment that aims to meet specific needs for 

construction and mining.  

• Hydrogen and electricity are likely to provide long-term solutions for 

abatement. Not only would they reduce emissions, but they could lead to 

fuel cost savings that would benefit the sector, as both technologies are 

more efficient than burning diesel. 

• However, the adoption of hydrogen depends on the development of a 

wider hydrogen infrastructure to reduce costs and ensure fuel availability 

for construction sites.  

• There could similarly be barriers in the uptake of electricity, as construction 

sites will need to accommodate space for battery swapping or 

connections to the electricity grid.  

• Biodiesel could play a role as a transition fuel to start decarbonising the 

sector, provided sufficient bioenergy is available. 
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e) Carbon Capture and Storage (CCS) 
 

CCS can be used to capture CO2 produced by larger industrial point-sources, and 

transport it to a CO2 storage site, thus reducing emissions to the atmosphere. The 

captured CO2 may alternatively be used in Carbon Capture and Use (CCU), 

although the potential amount that could be used is expected to be substantially 

smaller than that which could be stored. 

 

CCS is particularly important in the manufacturing sector, as it can abate emissions 

that cannot be addressed simply by switching to low- or zero-carbon energy. This 

includes capturing non-combustion process CO2 emissions (from chemical 

reactions such as the calcination of limestone in cement production) and 

combustion emissions, including those arising from the combustion of internal fuels 

(gases that are produced as part of the industrial process). 

 

When capturing emissions from biomass combustion, reduction or fermentation, 

this results in BECCS. 

 

f) Other 
 

Greenhouse gas emissions from flaring in iron and steel production and leakage 

from processes in the manufacture of chemicals can also be addressed. Flaring 

emissions can be reduced by capturing methane and selling it. Leakage of 

methane in the chemicals subsector can be reduced through periodic leakage 

detection and repair or continuous monitoring, to find the leaks as early as possible 

and limit the volume of methane released. 
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3. Analytical approach 

The Balanced Net Zero Pathway and the four exploratory scenarios in this sector 

vary in several ways, including their energy mix, levels of resource efficiency and 

rates of decarbonisation. More information on this is in Chapter 3, Table 3.3a of the 

Advice report, and the dataset that accompanies the report. 

 

These pathways and scenarios are underpinned by new analysis in several areas, 

as well as some of the evidence and analysis used for our 2019 Net Zero advice3 

and the accompanying Net Zero technical report.4 

 

New analysis includes work commissioned from Element Energy on deep-

decarbonisation pathways for UK industry and internal analysis of options for 

decarbonising off-road mobile machinery. We have also updated our synthesis of 

evidence on resource- and energy-efficiency options, and our baselines.  

 

The structure of our analysis follows the following steps: 

• It starts by considering a baseline world where there is no new climate 

change mitigation policy beyond 2019.  

• From this emissions baseline we deduct, in sequence, abatement from 

resource efficiency, material substitution and energy efficiency. 

• We then deduct abatement from ‘deep decarbonisation’ options: fuel-

switching, CCS and measures to reduce methane flaring, venting and 

leakage.3 

We set out the approaches we have taken for each of these steps, below. 

 

a) Baseline projections 
 

Our emissions baseline (Figure 4.3) starts aligned to historical emissions for 2018, the 

latest year with fully reported data, based on the National Atmospheric Emissions 

Inventory (NAEI).5 For combustion emissions, corresponding energy data are drawn 

from a mix of the NAEI and DUKES,6 allowing for the inclusion of existing electricity 

and bioenergy use (which are not reported in the Inventory). 

 

Future energy and emissions are projected from the historical 2018 data using the 

scaling (% change from 2018) of the BEIS Energy and Emissions Projections 2019 

reference case.7 This reference case accounts for a small amount of projected 

abatement from existing ‘firm’ policies. We made several bespoke assumptions in 

the use of these projections, in particular: 

• We do not use the BEIS energy and emissions projections to project the 

change from 2018 to 2019. This reflects that the BEIS econometric 

methodology results in large jumps in emissions from the last historical year 

(2018) to the first projected year (2019), which we know from provisional 

data have not happened. 

• We do not use the projections for the chemicals sector, for which the 

econometric method projects a very large decline in emissions, instead 

assuming that baseline emissions stay constant for most of the subsector. 

 

 
3 There is only a small amount of the methane reduction measures required in this sector. 
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Figure M4.3 Baseline projections for subsectors 
in manufacturing and construction 
 

 
Source: National Atmospheric Emissions Inventory (2020) Breakdown of UK GHG emissions by source and 

greenhouse gas; BEIS (2020) Updated energy and emissions projections: 2019; Element Energy (2020) Deep-

decarbonisation pathways for UK Industry, report for the Climate Change Committee; CCC analysis. 

 
b) Resource efficiency, energy efficiency and material 
substitution  
 

To establish pathways for abatement from resource efficiency, energy efficiency 

and material substitution, we refreshed our synthesis of evidence on the 

abatement potential in these areas.  

 

Resource efficiency  
 

Resource efficiency measures are divided into two categories: more efficient use 

of resources in production and lower end-user consumption of resources. Box 4.1 

sets out the evidence we used on resource efficiency and how we constructed our 

scenarios using this evidence. Table 4.1 summarises the resource efficiency 

measures included.  

 

Measures that reduce consumption of resources (a third of the resource efficiency 

abatement) are assumed to result in lower industrial output, as we assume similar 

measures are applied by trading partners – for example as a result of the EU’s work 

on the Circular Economy. For the purpose of our geographical analysis, where this 

reduced consumption, combined with baseline change, results in a reduction of a 

subsector’s output, we assume that 80% of this reduction is ach ieved by site 

closures, while 20% comes from reduced output of the remaining sites. 
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Abatement from these resource efficiency measures is applied to the baseline 

before material substitution and energy efficiency. 

 

Box M4.1:  

Summary of latest evidence on resource efficiency and material substitution 

Using a study from the University of Leeds and University of Manchester, and engaging 

with industry stakeholders, we have considered where resource efficiency can reduce UK 

greenhouse gas emissions. The measures we have considered are summarised in Table 

4.1.  

 

From the baseline, first we accounted for significant changes across the economy that 

would affect demand: the move away from petroleum for transport and other uses 

leading to big reductions in demand from oil refineries, and changes to the amount of 

waste arising. 

 

We then included specific resource efficiency measures. The study produced three 

scenarios for material productivity (low, medium and high), reflecting different levels of 

ambition in changing production and consumption practices.  

 
– The medium scenario leads to a 6% reduction in UK industrial emissions in 2050 and is 

implemented for our Headwinds scenario. The high scenario leads to an 13% reduction 

in UK manufacturing and construction emissions in 2050 and is implemented for our 

Balanced Net Zero Pathway, Widespread Engagement and Tailwinds. 

– In the Widespread Innovation scenario, we anticipate lower consumer engagement 

on the consumption of resources savings compared to Widespread Engagement, 
although further potential for improvements in resource use in production may be 

realised through new innovations. Therefore, the Widespread Innovation scenario uses 

a medium-high material productivity scenario, slightly lower ambition than 

Widespread Engagement, resulting in an emissions reduction of 11% in 2050 across the 

manufacturing and construction sector.  

– The Balanced Net Zero Pathway follows the high scenario, which is an ambitious set of 
measures requiring changes to many people’s lifestyles and industrial practices. 

However, there is evidence that even larger emissions savings are possible, with the 

Energy Transition Commission estimating that 40% of emissions from heavy industry can 

be avoided through circular economy strategies. 

The study does not include financial savings and costs associated with the measures. We 

were also not able to find a wider evidence base on savings and costs of resource 
efficiency measures. Resource efficiency could lead to cost savings. However, these are 

dependent on structural changes in the economy for which there is little evidence 

available to date. It is unclear whether these would offset any costs associated with the 

uptake of resource efficiency measures. We have assumed that the savings balance the 

costs. We seek to improve our evidence base in this area in future, which would 
necessitate understanding how savings and costs flow through the economy. 

Source: Scott, K., Giesekam, J., Barrett, J. and Owen, A. (2018) Bridging the climate mitigation gap with economy‐

wide material productivity, Journal of Industrial Ecology, https://doi.org/10.1111/jiec.1283, Energy Transitions 

Commission (2018) Mission Possible, http://www.energy-transitions.org/mission-possible 

Notes: Scott et. al. scenarios have been adjusted to include CCC analysis on clinker substitution in cement, wood in 

construction, increase in use of recycled glass, and analysis from the Government's Industrial Decarbonisation and 

Energy Efficiency Roadmaps to 2050 for yield improvements in steel production. 
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Table M4.1 

Summary of resource efficiency and material substitution strategies 

Sector Measures to reduce resource use in production Measures to reduce end-user consumption of 

resources 

Clothing and 

Textiles 

– Efficiency improvements in fibre and yarn 

production, dyeing and finishing 

– Disposing of less and reusing and recycling more 

– Using clothes for longer 

Food and 

Drink 

– Reducing food waste in food services and 

hospitality sectors 
– Reducing household food waste 

Packaging – Eliminating or reducing weight of packaging 

(metal, plastic, paper, glass) 

– Increasing use of recycled glass 

 

Vehicles – Reducing steel, aluminium and additional 

weight without material or alloy changes 

– Yield improvement (metals) in car structures 

through cutting techniques 

– Steel fabrication yield improvement 

– Reusing discarded steel products 

– Shifting from recycling to refurbishing 

– Using car clubs 

– Using cars for longer 

Electronics, 

Appliances, 

Machinery 

and Furniture 

– Reducing steel without material or alloy 

changes 

– Steel fabrication yield improvement 

– Reusing discarded steel products in industrial 

equipment 

– Sharing less-frequently used electrical appliances, 

power tools and leisure equipment 

– Longer use of products 

– Remanufacturing instead of throwing away 

– Disposing of less and reusing and recycling more 

Construction – Design optimisation to reduce material inputs 

– Increasing use of wood in construction 

– Increasing clinker substitution in cement 

– Reusing materials 

 

 

Material substitution 
 

Next, we applied material substitution from high-embodied-carbon to low-

embodied-carbon materials. This accounts for a decrease in cement, mortar and 

brick production and an increase in timber production for increased wood in 

construction. There is also an increase in substitution of high-carbon clinker for 

either waste products such as fly ash, or ground granulated blast furnace slag or 

innovative new types of lower-carbon cementitious materials. In addition, some 

raw material is replaced with cullet (from recycled glass) in glass production. 

 

Energy efficiency 
 

Our energy efficiency abatement pathways are primarily based on the ‘Max Tech’ 

scenarios from the ‘2015 BIS Industrial Decarbonisation and Energy Efficiency 

Roadmaps to 2050’,8, but also assume some additional abatement from sectors 

not covered by the Roadmaps.  

• We have evaluated the abatement costs for all of the measures in the Max 

Tech pathways and included all of those that are cheaper than 350 

£/tCO2e (consistent with our approach to carbon valuation – see Chapter 

1), as well as the majority of measures which are overall cost negative. 
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• There are likely to be energy efficiency opportunities in the less-energy-

intensive sectors, where energy efficiency opportunities may be less salient 

to decision makers. We assume a 12 TWh overall energy demand reduction 

across the less-energy-intense sectors based on BEIS analysis.9 

 

The energy efficiency measures covered by the roadmaps are generally cost-

saving, so we have applied these measures across scenarios. We have updated 

the savings and costs from the 2015 roadmaps to reflect our updated energy costs.  

 

c) Deep decarbonisation measures  
 

To establish our pathways for abatement from deep decarbonisation measures we 

commissioned Element Energy to substantially extend previous analysis produced 

for the CCC and BEIS and develop pathways for the CCC (Box 4.2). This involved 

gathering new evidence and using this within a new Net Zero Industrial Pathways 

(N-ZIP) model. We also undertook new analysis internally on abatement pathways 

for off-road mobile machinery (Box 4.3).  

 

The Element Energy evidence gathering, N-ZIP modelling and our subsequent 

pathways and scenarios have several key features. In particular, the results on the 

pace of deep decarbonisation were carefully considered and account for 

considerable new evidence. 

• The pathway results account for time for supply chains to scale up and new 

low-carbon technologies to scale up, based on consultation with industry 

about what is possible if policy is put in place. 

• The results allow time for infrastructure to be rolled out, for example for CO2 

and hydrogen networks and consider the interaction of the location of sites 

with when hydrogen or carbon capture and storage (CCS) options may 

become cost-effective. 

• The results allow time for effective policy to be developed and 

implemented, before deployment. 

• The modelling includes a broad set of technology options, with updated 

cost data. 

• The pace of decarbonisation is established to reflect a level of effort that is 

consistent with that in other sectors of the economy, Net Zero ambition 

overall and the UK’s commitments under the Paris Agreement. This is partly 

achieved through placing a value on carbon abatement to drive action 

(see Chapter 1). Accounting for this value of carbon, the N-ZIP model is 

used to identify when sites should decarbonise processes in order to 

maximise the net present value of their overall operations. It simultaneously 

accounts for the supply chain, infrastructure and policy considerations 

outlined above. This approach balances the value of action with waiting 

for a substantially cheaper technology. 

• The scenarios account for non-cost factors, such as low salience of energy 

costs for very small sites and the potential for a preference towards retrofit 

over refitting. 

• Our pathways of abatement from resource efficiency, energy efficiency 

and material substitution were input into the N-ZIP model as assumptions. 

This meant that deep decarbonisation measures were considered only for 

adjusted energy and emissions ‘baselines’ that account for the efficiency 

measures. Our analysis of fuel switching in off-road mobile machinery was 

also passed through the N-ZIP model for completeness. 
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• In the Balanced Pathway some deep decarbonisation actions are 

included in the early years to ensure that options for further deployment 

remain open in later years, reflecting real-life uncertainty about which 

technologies will prevail. This also helps to bring down costs of technologies. 

 

A few small amendments were applied to the deep decarbonisation abatement 

measures coming from the manufacturing and construction pathways and 

scenarios from the Element Energy analysis, resulting in a difference between the 

results reported in the Element Energy report and our results.  

 

In particular, CCS capture rates were adjusted in the period pre-2040 to 90%, from 

higher rates. A final version of our off-road mobile machinery analysis was also 

included at this stage.  

 

Box M4.2 

Summary of Element Energy analysis and report on Deep Decarbonisation Pathways for 

UK Industry 

We commissioned Element Energy to improve our evidence base and develop pathways 

for deep decarbonisation from UK industry emissions – currently 110.6 MtCO2e in total of 

which 66.2 MtCO2e is manufacturing and construction, 39.2 MtCO2e is fossil fuel supply 

(see Chapter 6) and 5.1 MtCO2e is energy from waste (see Chapter 10). 

 

The deep decarbonisation abatement technologies considered for each sector are 

detailed in the ‘options to reduce emissions’ section of the relevant chapter of this report 

(e.g. Chapter 4, section 2 for manufacturing and construction).  

 

The research included four key components (a) advancing our evidence on the  

constraints on the pace of technology and infrastructure deployment (b) improving our 

evidence on technology availability, costs and non-cost factors determining technology 

choice (c) considering geographical resolution within both these aspects (d) combining 

these evidence bases in a net-zero industry pathways (N-ZIP) model to produce socially-

optimal industry decarbonisation pathways. 

 

Given (a) – (c), the N-ZIP model accounted for: 

 

– absolute constraints on pace relating to technology availability, supply chain 

capacity, CO2 and hydrogen infrastructure availability, biomass availability and time 

to develop policy; 

– cost model of all relevant decarbonisation options, accounting for the location of a 

site relative to abatement options (e.g. hydrogen or CO2 transportation), the levels of 

hydrogen and CCS use elsewhere in the economy, and the costs of scrappage; and  

– salience of energy costs to the smallest energy users and the potential for a 

preference towards retrofit over refit. 

These factors fed into criteria for deciding when and which abatement measure (if any) 

was socially-optimal to mitigate each emitting-process at each site: 

 

– Net Present Value (NPV) at the site-level was used to make decisions. This considers 
the difference between the cost and benefits of abatement and the counterfactual. 

It accounts for the discounting and the value of emissions that are abated. 

– The model ranks the available decarbonisation options for each site for each year by 

their NPV. 

– The highest ranked option is initially chosen for each process on each site, providing 

the NPV is positive. This was then checked against the model constraints. If a model 

constraint was exceeded, the model switched to the next ranked option. Where 

multiple options exceed a model constraint, those with the highest NPV were 

prioritised. 

Figure 4.4 sets out a schematic of the N-ZIP model methodology. 

 

1460  



 

Sector summary – Manufacturing and construction 18 

 

 

Key model assumptions included: 

 

– Long-run variable costs for energy (i.e. excluding profit and policy costs), were used. 

These costs are consistent with fuel costs in the Sixth Carbon Budget analysis for other 

CCC sectors (see Chapter 1). Element Energy analysis informed the costs of CO 2 

transport and hydrogen infrastructure. 

– The capacity of supply chains limits the proportion of a subsector that can 
decarbonise each year through deep decarbonisation measures. Following a 

dedicated consultation, under the Balanced Net Zero Pathway the constraint was set 

at 5%/year of baseline emissions in 2025, and increased annually by 0.5%/year until 

reaching 10%/year, at which it was fixed from 2035 onwards. This constraint applied 

independently to other constraints, such as technology availability.  

– Target consistent carbon values are as set out in Chapter 1 for the Balanced Net Zero 
Pathway, Headwinds, Widespread Engagement and Widespread Innovation 

scenarios. Tailwinds uses a higher carbon value path of £450/tCO2e in 2050, 

discounted backwards by 3.5% per year. 

– Where hydrogen can be used for fuel-switching, the existing appliance can be 

retrofitted to used hydrogen. It is assumed that existing appliances cannot be 

retrofitted to use electricity and that if conversion is applied before the lifetime end of 

the counterfactual technology, then a cost of scrappage is incurred. 

– Biomass is only used in subsectors that are already using significant amounts of 
biomass and is allocated according to the CCC hierarchy for biomass use (see 

Chapter 6). 

– The type of processes within industrial subsectors do not change in the period to 2050.  

– The model used CO₂ capture rate of 95% for CCS in the Balanced Net Zero Pathway, 
Headwinds, and Widespread Engagement scenarios and a capture rate of 99% in the 

Widespread Innovation and Tailwinds scenarios. The CCC final results assume capture 

rates of 90% up until 2040. 

Nearly all emissions were allocated at least one suitable abatement technology. 
Remaining emissions fell into two categories:  

– Processes where no abatement was applied. This occurred where the abatement was 

too expensive or no suitable abatement technology was identified. 

– Residual emissions from abatement technologies that do not remove 100% of 

emissions (e.g. CCS, reductions in flaring, venting and leakage). 

Further details can be found in the Element Energy report published alongside this report: 

‘Deep-decarbonisation pathways for UK Industry’. 
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Figure MB4.2 Schematic of the N-ZIP model 

methodology 

 
   

Source: Element Energy Element Energy (2020) Deep-decarbonisation pathways for UK Industry, report for the 

Climate Change Committee 

Source: Element Energy (2020) Deep-decarbonisation pathways for UK Industry, report for the Climate Change 

Committee 
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Box M4.3: 

Summary of new research on decarbonising off-road mobile machinery 

The analysis for off-road mobile machinery (ORMM) decarbonisation was carried out 

internally by the CCC.  

 

• For electric or hydrogen machinery, we assumed that they are linearly deployed and 

displace conventional ORMM to reduce emissions.  

• The composition of the fleet is based on the 2004 Department of Transport survey. For 
the purposes of our work, we created categories of ORMM to encompass the wider 

range of equipment that exists in the sector. These categories considered the power 

and usage to estimate the contribution to emissions of different types of off-road 

mobile machinery.  

• Thereafter, we were able to cost the low-carbon ORMM in each category.  We 

assume that the costs of electric and fuel cell batteries are the same in ORMM as in 
transport at £65/kWh and £174/kW in 2050, respectively. In addition, CCC analysis 

provided us with electricity and hydrogen fuel costs.  

• The core of our analysis evaluated hydrogen, electricity and biodiesel as potential 

abatement options. In each of our scenarios, the option with the lowest NPV was 

selected to decarbonise each category of off-road. This varied for each category in 

the different pathways. In the Balanced Net Zero Pathway, deployment by 2050 is 
mostly hydrogen for large machinery and electricity for small and medium machinery. 

 

Source: Department for Transport (2004) Non-Road Mobile Machinery, Usage, Life, and Correction Factors, CCC 

analysis 
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d) Deriving the emissions paths for the devolved administrations 
 

The use of site-level (and for small sites and regionally assigned data) in the N-ZIP 

model provided emissions, abatement and costs data that could be attributed to 

the devolved administrations (DA). For off-road mobile machinery, we did not 

have regionally assigned data, so we assume the historical distribution of emissions 

across DAs remain the same over time.  

 

We used this data to produce a pathway for each DA for each scenario. The 

Balanced Net Zero Pathway for manufacturing and construction in the devolved 

administrations is shown in Figure 4.4. 

 

The steep decline in Welsh emissions in the early 2030s reflects the conversion to 

low-carbon production of Port Talbot Steelworks. 

 

 

Figure M4.4 Balanced Net Zero Pathway 
emissions for manufacturing and construction in 
devolved administrations 

 

Source: CCC analysis. 
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e) Uncertainty 
 

We have used the results of our analysis to inform our recommendations around 

future deployment of industrial decarbonisation measures. However, there is much 

uncertainty about many of the assumptions that we have used in our analysis.  

 

Therefore, we have considered a range of sensitivities to the assumptions, to form 

different pathways, with the purpose of identifying a range of different futures and 

the most – and least – robust conclusions of the analysis.  

 

More detail on the model sensitivities relating to deep decarbonisation measures is 

given in the accompanying report by Element Energy.10 Sensitivities we explored 

included varying the following assumptions: 

• CO2 and hydrogen demand from other sectors did not result in significant 

changes to the amount of abatement or the options chosen. 

• Biomass availability had a limited effect, but primarily because we 

constrained the sectors for which biomass could be used. If relaxed, we 

would expect a higher level of biomass uptake. However, even when using 

this bioenergy with carbon capture and storage (i.e. BECCS), this would not 

result in overall lower emissions across the economy, as this would divert 

biomass from other BECCS applications. 

• Carbon values. We tested a higher carbon value in the Tailwinds scenario, 

which increased abatement, and brought forward the dates at which 

some abatement occurs. 

• Supply chain constraints had an impact on the pace of roll-out of 

abatement technologies. As a result, Element Energy conducted additional 

research with stakeholders to inform this constraint. 

• Electricity network upgrade costs had an impact on decision making. As a 

result, higher connection costs were explored in the Headwinds scenario. 

• Fuel costs influenced the abatement measure where a site had multiple 

decarbonisation options, but only had a modest effect on the level and 

pace of abatement as can be seen from our Headwinds scenario.  

• Scrappage was included in the cost of electrification. When scrappage 

was not allowed, this constrained the rate of electrification as an 

abatement option. To explore this, scrappage was not allowed in the 

Headwinds exploratory scenario. 

 
We have used the results of these sensitivities to identify low-regrets options for the 

decarbonisation of manufacturing and construction, as well as low-regrets 

approaches to deploying hydrogen and CO2 infrastructure. We have used the 

scenarios to identify important near-term actions required to keep important 

alternative pathways open. 
 

Analysis on off-road machinery remains uncertain mainly due to the scarcity of 

data. Indeed, the latest survey on fleet composition dates to 2004. As a result, it is 

unclear how the fleet has and might continue to evolve in the future.  In addition, 

decarbonising ORMM with hydrogen will require the development of a hydrogen 

infrastructure. Without hydrogen, reducing emissions would be possible, however 

access to electricity on construction and mining sites would need to improve.  
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1 CCC(2020) The Sixth Carbon Budget – Methodology Report. Available at: www.theccc.org.uk  

2 Committee on Climate Change (2018) Biomass in a low-carbon economy. 

https://www.theccc.org.uk/publication/biomass-in-a-low-carbon-economy/ 

3 CCC (2019) Net Zero – The UK’S contribution to stopping global warming 
4 CCC (2019) Net Zero – Technical Report 

5 National Atmospheric Emissions Inventory (2020) Breakdown of UK GHG emissions by source and 
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8 DECC & BIS (2015) Industrial Decarbonisation and Energy Efficiency Roadmaps to 2050. 

https://www.gov.uk/government/publications/industrial-decarbonisation-and-energy-
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10 Element Energy (2020) Deep-decarbonisation pathways for UK Industry, report for the Climate 

Change Committee 
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The following sections are taken directly from Chapter 3 of the CCC’s Advice 

report for the Sixth Carbon Budget.xi 

3. Manufacturing and construction

Introduction and key messages 

Our Balanced Net Zero Pathway sees manufacturing and construction emissions 

reduced by 70% by 2035 and 90% by 2040 from 2018 levels, based on fuel-

switching, CCS and improvements to resource and energy efficiency (Figure 3.3.a). 

This pathway has faster reductions than the pathway underpinning our 2015 Fifth 

Carbon Budget advice. This reflects substantially improved knowledge of deep 

decarbonisation and resource efficiency options (see Methodology Report) and 

the shift to an economy-wide Net Zero target. 

The pathway assumes that the Government establishes a policy framework to 

support UK manufacturing to reduce emissions in a way that does not drive 

manufacturers overseas and that benefits jobs and investment in UK 

manufacturing (see Chapter 4 in the accompanying Policy Report and Chapter 6 

in this report for more on competitiveness and jobs).  

Figure A3.3.a Sources of abatement in the 
Balanced Net Zero Pathway for the  
manufacturing and construction sector 

Our Balanced Net Zero 
Pathway involves 
manufacturing and 
construction (M&C) emissions 
cuts of 90% by 2040. 

The pathway requires policy to 
drive emissions reductions in a 
way that does not drive 
manufacturers overseas. 
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Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

Notes: The abatement from BECCS in the graph does not include the carbon captured, which is accounted for the in 

the removals subsection of Chapter 3. 

 

 

This section is split into three sub-sections: 

a) The Balanced Pathway for manufacturing and construction 

b) Alternative routes to delivering abatement in the mid-2030s 

c) Impacts of the scenarios: costs, benefits and co-impacts on society 

 

 

a) The Balanced Net Zero Pathway for manufacturing and 
construction 
 

The pace of decarbonisation in the Balanced Pathway for manufacturing and 

construction gradually accelerates through the 2020s to mid-2030s with the 

increasing implementation of new technologies, policy, resource efficient 

approaches, and development of infrastructure and supply chains. Most 

decarbonisation of the sector is complete by 2040. Figure 3.3.a presents an 

overview of the emissions reduction actions and timing of the Balanced Pathway 

actions. 

• Improvements in resource and energy efficiency lead to the largest 

emissions reductions in the early 2020s, with smaller contributions from 

electrification, biofuel use and material substitution. Fuel-switching and CCS 

deployment scale up from 2025.  

• Infrastructures for CCS and hydrogen are deployed from 2025 in the 

pathway, starting near industrial clusters. Electricity network connection 

capacity is also increased around newly electrifying sites. The 2030s sees 

substantial scale-up across these three major networks. 

• Policy develops rapidly to ensure that it pays for companies to implement 

societally cost-effective measures and that non-financial barriers are 

addressed. See the accompanying Policy Report for policy 

recommendations. 

• Supply chains scale up at pace in the pathway. More workers acquire skills 

to implement low-carbon measures, the supply of necessary technologies 

and equipment grows, and the availability of finance increases. 

 

Improvements in resource and energy efficiency and material substitution in the 

Balanced Pathway reduce emissions by 12 MtCO2e per year by 2035, contributing 

8 MtCO2e, 3 MtCO2e and 1 MtCO2e respectively: 

• Resource efficiency abatement gradually increases from 2020 to 2035. 

• Improvements that reduce end-user consumption of new resources 

cut emissions by 3 MtCO2e per year in 2035 (Figure 3.3.a). This includes 

measures such as consumers using clothes and electronics products 

for longer, which may require improved durability. 

• Measures that improve resource efficiency in production reduce 

emissions by 5 MtCO2e per year in 2035. This includes measures such as 

optimising building design to reduce material use. 

During the 2020s the Balanced 
Pathway has increasing 
implementation of new 
technologies, policy, resource 
efficient approaches, and 
development of infrastructure 
and supply chains.  

Recycling, reusing and sharing 
products, increasing product 
longevity and reducing 
material use through better 
design, all play a role in 
reducing M&C emissions in the 
Balanced Pathway. 
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• The resource efficiency measures can alternatively be split into the 

following groups: design optimisation to reduce material inputs (3 

MtCO2e per year in 2035), increased recycling and reuse (3 MtCO2e, 

of which half is through reuse of construction materials), increasing 

product longevity (2 MtCO2e, largely from electronics), and increased 

product utilisation and sharing (1 MtCO2e, including sharing leisure 

equipment and car clubs). 

• Energy efficiency improvements achieve emissions reductions of 4 MtCO2e 

per year by 2050. Measures in the most energy-intensive sectors are divided 

between heat recovery (0.5 MtCO2e), process upgrade (1 MtCO2e), 

equipment upgrade (1 MtCO2e) and integration/clustering (0.5 MtCO2e), 

with a further 1 MtCO2e in less energy intense sectors. 

• Material substitution measures in the pathway include partial substitution of 

clinker in cement and the use of wood in construction, and increase 

steadily over the period to 2050. 

 

Figure A3.3.b Manufacturing and construction  
abatement and residual emissions in 2050 in 
Balanced Net Zero Pathway against  
counterfactual processes 

 

Source: CCC analysis. 

 

 

Fuel-switching reduces sector emissions in the Balanced Pathway in 2035 by 18 

MtCO2e per year, increasing to 30 MtCO2e in 2045 (Figure 3.3.a). In the 2020s, a mix 

of fuel-switching technologies are deployed to keep options open for subsequent 

deployment, given uncertainty about which fuel-switching options will prevail in 

the 2030s. In the 2030s options are deployed where they are cost-effective under 

Improvements in resource and 
energy efficiency lead to the 
largest emissions reductions in 
the early 2020s. 
 

Switching from fossil fuels to 
low-carbon fuels contributes 
the largest emissions 
reductions in the Balanced 
Pathway from the early 2030s. 
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our cost assumptions - this results in a mix of electrification, hydrogen and 

bioenergy deployment, reflecting variation in cost-effectiveness between different 

applications and locations. 

• Electrification reduces emissions by 9 MtCO2e per year by 2035, increasing 

to 14 MtCO2e by 2045. Electrification measures include electric boilers, 

switching from on-site generation to a grid connection, electric arc 

furnaces, electric mobile machinery, electric dryers and electric infra-red 

heaters (Figure 3.3.b).  

Some electrification options are introduced in the early 2020s due to high 

levels of technology and commercial readiness. Some electrification 

measures involve scrapping existing assets before the end of their 

expected lifespan. This reflects preferable economics over the alternatives 

and the inability to retrofit some electrification options. 

• Hydrogen use reduces emissions by 7 MtCO2e per year by 2035, increasing 

to 14 MtCO2e by 2045. Hydrogen measures include hydrogen boilers, CHP, 

generators, mobile machinery and kilns. Our latest evidence suggests that 

these measures can typically be retrofitted, limiting the need to wait for a 

replacement cycle or to scrap assets before fitting. 

• Bioenergy use reduces fossil emissions by 2 MtCO2e per year by 2035 

increasing to 2.5 MtCO2e in 2045. Its use is prioritised for sectors already 

using bioenergy, such as cement and pulp, or with the potential to fit CCS. 

CCS is applied to all new bioenergy use in manufacturing and 

construction4, apart from biofuel use in mobile machinery. In 2035, biofuels 

contribute 0.5 MtCO2e per year of abatement, falling to zero by 2040. The 

application of CCS to bioenergy results in further abatement of 3 MtCO2e in 

2045 – this fraction of the BECCS is not accounted for in our manufacturing 

results, but rather in greenhouse gas removals (see section 11). 

 

CCS reduces manufacturing emissions in the Balanced Net Zero Pathway by 6 

MtCO2e per year in 2035, increasing to 9 MtCO2e by 2045 (Figure 3.3.a). In the 

pathway, CCS is applied to fertiliser plants, half of the UK’s integrated steelwork 

capacity, and processes where it is the only deep decarbonisation option 

available. 

• There is 5 MtCO2e per year of abatement in 2045 from processes where we 

have not identified alternative options to reduce emissions to near-zero. This 

includes processes that a) produce CO2 from non-combustion processes, 

such as cement production and b) combust fuels (sometimes called 

internal fuels or off-gases) that are produced as part of the industrial 

process.  

• CCS is also applied as a lower-cost measure to existing ammonia/fertiliser 

plants in the mid-2020s and half of the UK’s integrated steelwork capacity in 

the early 2030s. This contributes 4 MtCO2e per year of abatement in 2045. 

• Smaller scale, more expensive CCS is deployed in the late 2030s and 2040s.  

 

The geographical distribution of fuel-switching and CCS measures is focussed 

around industrial clusters. However, there is still substantial abatement outside of 

the clusters (Figure 3.3.c).  

• The location of sites may affect the choice of deep decarbonisation option 

when multiple options are possible – our evidence suggests that 

 
4   We have not accounted for the small amount of bioenergy that we expect may be introduced prior to the fitting of 

CCS. 

With falling electricity costs, 
the Balanced Pathway has an 
important role for 
electrification.  
 
 

Hydrogen used in boilers, CHP, 
generators, mobile machinery, 
furnaces and kilns reduces 
M&C emissions by 7 MtCO2e 
per year by 2035.  
 
 

CCS reduces emissions where 
it is the only deep 
decarbonisation option 
available. It is also applied to 
fertiliser plants in the mid-2020s. 
 
 

The Balanced Pathway has 
substantial action focussed in 
industrial clusters. However, 
decarbonisation of dispersed 
sites is still considerable. 
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electrification has an advantage over hydrogen at dispersed sites, due to 

differences in electricity and hydrogen distribution options and availability.  

• Pipeline, train, truck or shipping are considered as options to transport CO2 

from dispersed sites where CCS is their only deep decarbonisation option, 

such as cement, lime and other mineral sites. 

 

Figure A3.3.c Map of deep decarbonisation  
measures in the manufacturing and construction 
sectors in the Balanced Net Zero Pathway in 2050 
 

 

Source: CCC analysis. 

Notes: The individual pies represent emissions within a certain geographical radius and may include more than one 

site. Map excludes small sites where geographical data was not available, which includes all industrial off-road 

mobile machinery, together these constitute 42% of manufacturing and construction deep decarbonisation 

abatement. Map does not include abatement of emissions from electricity generation, fuel supply or waste. It does 

not include abatement from resource efficiency or energy efficiency measures. 

 

The different subsectors of industry have different mixes of abatement measures 

and slightly different paces of decarbonisation (Figure 3.3.d), reflecting their 

different technology options, geographical distribution, underpinning infrastructure 

requirements and opportunities for energy and resource efficiency. 

• Resource efficiency measures have the most substantial impact on the 

cement & lime and iron & steel sectors, particularly as a result of measures 

in the construction, vehicles and fabricated metal sectors. The paper sector 

has the highest fraction5 of abatement from energy efficiency (38% in 

2050), with a substantial saving from clustering and using waste heat from 

other sites. The largest absolute abatement from energy efficiency is in the 

 
5   Compared to other sectors. 

Sectors with fewer sites, such 
as iron and steel, can see fast 
decarbonisation once started. 
 
 

1472  



 

 30 

chemicals sector (1 MtCO2e in 2050), driven largely by equipment 

upgrades. 

• Sectors with larger numbers of sites, smaller sites and more dispersed sites 

decarbonise slower, such as food and drink, other manufacturing and 

construction and off-road mobile machinery (which doesn’t have fixed 

sites). Sectors with fewer sites, such as iron and steel, can see faster 

decarbonisation once started. 

 

Figure A3.3.d Abatement and remaining emissions 
for manufacturing and construction subsectors in 
2050 
 

 

Source: CCC analysis. 
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Consumption emissions also decline on our Balanced Net Zero Pathway, reflecting 

domestic decarbonisation actions, reductions in consumption that reduce imports, 

and policy on the carbon intensity of imports (see accompanying Policy Report) 

and international decarbonisation action. Exploratory analysis of the effect of 

these actions on consumption emissions is set out Figure 3.3.e. 

 

Figure A3.3.e Indicative consumption emissions for 
the combined manufacturing and construction  
and fuel supply sectors and effect of import 
policy under the Balanced Net Zero Pathway for 
two scenarios of international action 
 

 

Source: CCC analysis. 

Notes: Calculations are indicative. The consumption emissions baseline assumes simple % growth in consumption of 

different sectors combined with NDC level action internationally. The territorial emissions baseline uses a different 

methodology based on Government emissions projections (see Methodology Report). Import policy is assumed to 

gradually improve the carbon intensity of imports to manufacturing, construction and fuel supply is a production 

basis.  

 

Consumption emissions also 
decline in our Balanced 
Pathway, with a role for policy 
on the carbon intensity of 
imports. 
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b) Alternative routes to delivering abatement in the mid-2030s 
 

Our four exploratory scenarios vary by pace (Figure 3.3.f), the measures they 

contain, such as resource efficiency, fuel-switching, and CCS (Table 3.3.a) and 

assumptions (see Methodology Report). 

 

The main divergences in pace are in the Headwinds and Tailwinds scenarios 

(Figure 3.3.f). In Headwinds, pace is slower because technology and fuel costs are 

higher, there is less resource efficiency and companies are less willing to electrify 

because it involves a full equipment refit and possibly scrapping assets. In Tailwinds 

the combination of lower technology costs, more Government support, businesses 

acting beyond incentives and faster development of supply chains increase pace. 

 

The most substantial variation in outcome between the scenarios is in the fuel-

switching options. This reflects the uncertainty around whether, where and when 

electrification, blue hydrogen or green hydrogen will be most competitive, 

although all scenarios have a mix of electrification and hydrogen. 

 

Outcomes that vary less include energy efficiency and CCUS on process emissions. 

Both are low-regret actions. The former is low-cost and for the latter there is no 

alternative option.  

 

Figure A3.3.f Emissions pathways for the 
manufacturing and construction sector 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 

 

Our four exploratory pathways 
see different levels of 
electrification and hydrogen 
use. This reflects uncertainty 
about the relative 
competitiveness of the options 
in the future. 
 
 

Low-regret options include 
CCUS on process emissions 
and energy efficiency. 
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Table 1.11:Table 1.1 

Table A3.3.a 

Summary of key differences in the manufacturing and construction sector scenarios 

 Balanced Net 

Zero Pathway 

Headwinds Widespread 

Engagement 

Widespread 

Innovation 

Tailwinds 

Resource 

efficiency 

High level driven 

by mix of 

behaviour and 

innovation 

Moderate levels High level driven 

by consumer and 

business 

engagement 

Moderate-high 

level driven by 

innovative 

techniques and 

business models 

High level driven 

by behaviour and 

innovation 

Fuel-switching 

and CCS 

Balance of 

electrification and 

(mostly) blue 

hydrogen 

More blue 

hydrogen than 

electrification. 

Wider use of CCS 

on combustion 

emissions 

Mostly 

electrification, 

some green and 

blue hydrogen. 

Electrification and 

green hydrogen. 

Higher CCS 

capture rates. 

Electrification and 

green hydrogen. 

Higher CCS 

capture rates. 

Business attitude Most businesses 

follow incentives. 

Business resistant 

to change, prefer 

to retrofit despite 

of incentives. 

Most businesses 

follow incentives. 

Faster supply 

chain 

development. 

Most businesses 

follow incentives. 

Businesses follow 

incentives and go 

beyond. Faster 

supply chain 

development. 

 

 

c) Costs and benefits of the Balanced Net Zero Pathway 
 

The Balanced Net Zero Pathway will incur additional financial costs in the 

manufacturing and construction sector, as well as some savings from resource and 

energy efficiency improvements. With well-designed policy, it can drive investment 

and support jobs in the manufacturing and construction sectors (see chapter 5).  

 

We estimate the annualised cost6 of the Balanced Net Zero Pathway for 

manufacturing and construction to be around £1 billion/year in 2030, £2 

billion/year in 2035 and reaching £4 billion/year through the 2040s. In 2040 this 

represents an average cost of abatement across all measures of around 

£75/tCO2e. 

• Additional capital costs are around £1 billion/year in the late 2020s 

increasing to £2 billion/year in the early 2030s and peak at around £3 

billion/year in the late 2030s, before falling to around £2 billion/year in the 

2040s. 

• Additional operational costs from fuel-switching and CCS are around £0.5 

billion/year in late 2020s, increasing to £1 billion/ year in the early 2030s, £2.5 

billion in the late 2030s and reaching £3 billion/year in the 2040s. These may 

be partially offset by savings of up to £1billion/ year from the late 2020s from 

energy efficiency. 

 

We estimate that the cost to the exchequer of enabling the deep decarbonisation 

measures - fuel switching and CCS - in the Balanced Net Zero Pathway, in a way 

that protects trade-exposed subsectors, would be around £2 billion/year in 2030. 

This cost could reduce over time as policy is applied to imports and industry are 

subsequently able to pass through costs to consumers. There may also be a further 

cost to remove legacy levy control framework costs from industry power bills, 

which is not accounted for in these estimates. 

 
6   Where capital costs are spread over the lifetime of the investment. 

Fuel switching and CCS in 
the Balanced Pathway 
increase M&C capital and 
operating costs by £3 
billion/year in the early 
2030s. 
 

The average cost of 
abatement in the M&C 
Balanced Pathway is 
£75/tCO2e. 
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xi CCC(2020) The Sixth Carbon Budget – Advice Report. Available at: www.theccc.org.uk  
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The following sections are taken directly from Chapter 4 of the CCC’s Policy  report 

for the Sixth Carbon Budget.12  
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Table 1.11:Table 1.11 

Table P4.1 

Summary of policy recommendations for manufacturing and construction 

Setting vision and 

ambition  
Set out a comprehensive, ambitious vision for decarbonisation of manufacturing and 

construction.  

• The Government’s Industrial Decarbonisation Strategy should provide a clear vision of the 

long-term policy mechanisms for industrial decarbonisation, including how policy will 

maintain the competitiveness of UK manufacturing on the path to Net Zero. 

• To indicate ambition, Government should set targets for ore-based steelmaking and cement 

production in the UK to reach near-zero emissions by 2035 and 2040, respectively. This is 

crucial to build momentum following the step-change in ambition necessitated by Net Zero.  

• Decarbonisation of off-road mobile machinery should not be omitted from the 

Government’s set of plans and strategies.  

Maintaining 

competitiveness 

The design of policies to reduce UK manufacturing emissions must ensure that it does not 

damage UK manufacturers’ competitiveness and drive manufacturing overseas.  

• In the near term, taxpayer funding should be used to support deep decarbonisation in 

manufacturing sectors at risk of carbon leakage. 

• Work should begin immediately to develop the longer-term options of applying either border 

carbon tariffs or minimum standards to imports of selected emissions-intense products. This 

should include developing carbon intensity measurement standards, mandating these are 

disclosed and fostering international consensus around trade policies through the G7 and 

COP presidencies. 

Funding for fuel 

switching and CCS 

• Establish funding mechanism(s) to support operational and capital costs of both 

electrification and hydrogen-use in manufacturing, to be awarded from 2022. 

• Finalise the Contract for Difference mechanism to support industrial CCS.  

• Continue to support innovation and demonstration of fuel switching and CCS technologies. 

Resource and energy 

efficiency 

• Extend consumer product standards to cover how a product is made. 

• Work towards introducing a mandatory minimum whole-life carbon standard for both 

buildings and infrastructure. 

Strengthening market 

mechanisms 

• Create a clear incentive for non-traded manufacturing sectors to switch to lower-carbon 

energy sources by reforming energy and carbon pricing. 

• Strengthen carbon prices and taxes on manufacturers. 

• Reform electricity pricing to reflect the much lower costs of supplying low-carbon electricity 

in the mid-2020s and beyond. 

• Address manufacturers’ low appetite for risk, either though loans or grants.  

Infrastructure 

development  

• Establish at least two CCS clusters in the mid-2020s, at least four by the late 2020s, and further 

clusters around 2030.  

• Work with the minerals industries to develop a detailed joint plan for CO 2 transport from 

dispersed sites. 

• Prepare to make decisions about whether initial areas of the gas transmission and 

distribution networks should be converted to hydrogen. 

• Plan for a potential increase in large localised network reinforcements for manufacturers. 

Jobs and skills • Design industrial decarbonisation policies to support and create jobs, especially in regions 

with reliance on industrial jobs. Prompt award of existing funding can help the recovery. 

• Develop the capacity of skills and supply chains. 
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The adoption of the Net Zero target means a step-change in ambition for 

decarbonisation of UK manufacturing. Improvements in the evidence base also 

support going considerably further than the pathway in our Fifth Carbon Budget 

advice from 2015.  

 

In order to drive the necessary changes in manufacturing and construction set out 

in Chapter 3 of our Advice report, it will be necessary to move from the current 

piecemeal set of policies, to a framework that drives ambitious decarbonisation 

across the sector, without undermining the competitiveness of UK industries (see 

Chapter 6 of the Advice report). Table 4.1 sets out a summary of our key 

recommendations for how to enable this transition.  

 

Alongside this report we have published three pieces of supporting work on 

policies for industrial decarbonisation.13
,
14

,
15 

 

In this chapter we set out: 

1.   The existing set of manufacturing and construction decarbonisation 

policies; 

2.   What policy is required to deliver our Balanced Pathway, in particular from 

the Industrial Decarbonisation Strategy. 
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1. Existing manufacturing & construction decarbonisation policy 

There are several policies in place to support decarbonisation of manufacturing 

and construction. These can be broadly grouped into (a) capital funding, (b) 

ongoing decarbonisation incentives, (c) energy and resource efficiency policies, 

and (d) strategy development. However, the level of ambition is insufficient, the 

policies are frequently piecemeal, and recent progress on several existing policies 

has been slow. 

 

a) Capital funding 
 
The past three years have seen the launch of several capital funding schemes for 

innovation and deployment of established decarbonisation measures in the 

manufacturing and construction sector. Their total value is around £800m (Table 

4.2), and around £35m has so far been awarded through these schemes. The 

Budget also suggested that the Energy Innovation Programme will support the 

development of near-zero GHG emission off-road mobile machinery. 

 

In addition, there has been wider funding for carbon capture and storage (CCS), 

including a commitment to provide £1bn (increased from £800m previously) for 

CO2 transport and storage infrastructure in the recent 10 Point Plan.16 A further 

£20m was spent on carbon capture, use and storage (CCUS) innovation through 

the Energy Innovation Fund. 

 

The Clean Heat Grant will also provide upfront support for the use of heat pumps 

at up to 45kW capacity, which is applicable to some space heating of 

manufacturers’ buildings, a small fraction of overall manufacturing emissions.17 

 

Table P4.2 

Summary of capital funds for manufacturing decarbonisation 

 Scope Public 

funding 

Awarded 

to date 

Spending timeline 

Industrial Energy 

Transformation Fund 

Manufacturing 

decarbonisation  

£315m £0m Announced 2018. To be spent 

by firms by 2024. 

Clean Steel Fund Steel decarbonisation £250m £0m Announced August 2019. To 

be spent by Government from 

2024. 

Industrial Decarbonisation 

Challenge 

CCS and fuel switching 

sites within clusters 

£170m £10m Announced 2018. To be spent 

by firms by 2024. 

Transforming Foundation 

Industries Challenge 

Energy and resource 

efficiency 

£66m £5m Announced 2018. To be spent 

by firms by 2024. 

Industrial Fuel Switching 

(Energy Innovation Fund) 

Fuel switching pilots £20m £20m Announced 2018. Awarded. 

Green Distilleries Fund18 Fuel switching in distilleries £10m £0m Announced 2020. To be spent 

by firms by 2023. 

Off-road mobile machinery 

(Energy Innovation Fund) 

Machinery previously using 

red diesel 

Unknown £0m Unknown, suggested in 2020 

Budget. 

 

 

 

 

 

 

Existing capital funding for 
manufacturing 
decarbonisation is worth 
around £800m. 
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b) Ongoing decarbonisation incentives 
 

There are several policies that provide or propose insufficient or piecemeal 

ongoing incentives for deep decarbonisation in the manufacturing sector:  

• The EU ETS and its successor from January 2021 (either an UK ETS or emissions 

tax)7 provides some ongoing incentive, although the carbon price has 

been too low to incentivise most deep decarbonisation measures. Free 

allowances are allocated to companies deemed to be at risk of carbon 

leakage. 

• BEIS have committed to bring forward details of an industrial CCS Contract 

for Difference (CfD) in 2021 which would support the operational costs of 

manufacturing and refining CCUS.  19,20   

• The 2020 Budget's removal of red diesel tax relief for industrial off-road 

mobile machinery from 2022 will help to encourage deployment of low-

carbon off-road mobile machinery.21 

• The Non-Domestic Renewable Heat Incentive has provided some limited 

support for the use of low-carbon heat in manufacturing. This will close in 

March 2022. 

 

c) Energy and resource efficiency policies 
 

In addition to the proposed capital funding from the Industrial Energy 

Transformation Fund and Transforming Foundation Industries Fund (Table 4.2), there 

are several policies that help to improve energy and resource efficiency. 

• The Climate Change Levy and Climate Change Agreements (CCA) 

provide an incentive for energy efficiency. The 2020 Budget confirmed 

plans for CCAs to run until March 2025.  

• Other policies to improve energy efficiency include Streamlined Energy 

and Carbon Reporting, Ecodesign and Energy Information (labelling) 

regulations, Energy Savings Opportunities Scheme, Industrial Heat Recovery 

Scheme as well as Buildings Regulations. 

• The 2019-21 Environment Bill includes provisions to deliver the 2018 

Resources and Waste Strategy.22 It includes powers to extend producer 

responsibilities, to incentivise producers to prevent products or materials 

from becoming waste and promote reuse and recycling of products or 

materials. It also provides powers for Government to set product standards 

and extend the charge on single-use plastics beyond carrier bags. It builds 

on the Circular Economy Package which transposed several EU regulations 

focused on reducing waste and improving recycling into UK law. 

 

d) Strategy development 
 

The Government is planning to publish an Industrial Decarbonisation Strategy in 

spring 2021, which will set out its vision for “a prosperous, low carbon UK industrial 

sector” in 2050, that can “support industrial competitiveness and the green 

recovery” and identify “opportunities for new markets and sectors to develop”. The 

strategy’s sectoral scope includes manufacturing and refining, but not off-road 

mobile machinery. 

 

 
7 Yet to be announced at the time of writing 

Government plans to bring 
forward a Contract for 
Difference to support the 
operational costs of industrial 
CCS. 

The Environment Bill is creating 
new powers for Government 
to improve resource efficiency. 

The Government plans to set 
out its vision for a low-carbon 
UK industrial sector in spring 
2021 in its Industrial 
Decarbonisation Strategy. 
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2. What is needed from the Industrial Decarbonisation Strategy 

Substantial gaps and weaknesses remain in the Government’s set of policies for 

decarbonisation of manufacturing and construction. We have identified gaps, 

weaknesses, or areas for continued focus in the following areas: 

a) An overarching strategy. Current policy on decarbonising manufacturing is 

piecemeal and needs an overarching strategy. 

b) Supporting green jobs and the recovery. Government should support and 

create jobs through its industrial decarbonisation policies. 

c) A plan for competitiveness consistent with Net Zero. Free allowance 

allocation may not be the most efficient way to achieve the combined 

goals of deep decarbonisation and avoiding carbon leakage, in future.  

d) Carbon and electricity pricing for decarbonisation. Existing carbon pricing is 

too weak and not applied to non-traded manufacturers, and electricity 

prices do not reflect costs appropriately. 

e) Addressing manufacturers’ appetite for risk. UK manufacturers typically 

require investments to pay back within at least a few years.  

f) Funding mechanisms for deep decarbonisation. Policy lacks support for 

electrification and is too limited to upfront rather than ongoing costs. 

g) Support for innovation and demonstration. A range of key technologies still 

require development. 

h) Policy to improve resource efficiency, energy efficiency and material 

substitution. There are gaps in policy to support more resource efficient 

products and construction. 

i) Off-road mobile machinery. This area appears to have fallen through the 

gaps between Government Departments and planned strategies. 

j) Infrastructure development. Electricity, hydrogen and CO2 networks will all 

require development or upgrade. 

k) Target dates. Current ambition on manufacturing decarbonisation is 

insufficient. 

l) Skills. The capacity of skills and supply chain needs to be encouraged. 

 

The Government’s upcoming Industrial Decarbonisation Strategy, policies to 

improve resource efficiency and future policy on off-road mobile machinery 

should address the gaps and weaknesses. We set out below our recommendations 

in these twelve areas. 

 

a) An overarching strategy 
 

Current policy on decarbonising manufacturing and construction is piecemeal. An 

overarching strategy is necessary to drive the changes necessary for Net Zero.  

 

Government should publish an Industrial Decarbonisation Strategy in early 2021 

that is comprehensive, provides a clear vision and is integrated with wider policy. 

 

The Industrial Decarbonisation 
Strategy and wider 
Government policy should be 
comprehensive, provide a 
clear vision and be integrated 
with wider policy. 
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• Comprehensive. The strategy should address the gaps, weaknesses and 

areas for continued focus that we have identified. It should clearly cover all 

manufacturing emissions within the scope – areas that have fallen out of 

scope (off-road mobile machinery) should be clearly covered elsewhere 

(see subsection (i)). 

• Clear vision. It should provide a clear vision of the long-term policy 

mechanisms for industrial decarbonisation. This is crucial to shift 

expectations and build momentum for decarbonisation of manufacturing. 

• Integrated. It should set out how industrial decarbonisation policy will 

integrate with other strategies including the Hydrogen Strategy, National 

Infrastructure Strategy, Heat and Buildings Strategy and Energy White 

Paper. 

 

b) Policy to support jobs and the recovery 
 

In our Progress Report in June, we recommended that Government should design 

its industrial decarbonisation policies to support and create jobs, especially in 

regions with high reliance on industrial jobs. The Government’s recent Ten Point 

Plan recognises this opportunity for “economic transformation of the UK’s industrial 

regions”.  

 

Opportunities remain for the immediate future. Several funding schemes that have 

already launched (see Table 4.2) can both support jobs and urgent priorities, 

including demonstration of industrial fuel switching and CCS technologies, 

development of industrial decarbonisation projects and the creation of a skilled 

workforce and strong supply chain. Government should take this dual opportunity, 

by ensuring prompt award through these schemes and by increasing the ambition 

of the schemes. 

 

Chapter 6, Section 1 of our Advice report talks further about the implications and 

opportunities for employment. 

 

c) A plan for competitiveness consistent with Net Zero 
 

The design of policies to reduce UK manufacturing emissions must ensure that it 

does not damage UK manufacturers’ competitiveness and drive manufacturing 

overseas (‘carbon leakage’). This would not help to reduce global emissions and 

would be damaging to the UK economy. This is an important consideration for the 

Committee. Our Advice report (Chapter 6, Section 2) sets out details of three 

pieces of work, published alongside this report, that we have commissioned or 

collaborated on to improve our understanding of the policy options.23,24,25 It also 

provides further details of the international context. 

 

A key existing approach to decarbonise manufacturing without causing carbon 

leakage is to require large manufacturers to pay for emissions allowances from an 

Emissions Trading Scheme (ETS),8 but to provide a free allowance allocation to 

manufacturers at risk of carbon leakage, which they may sell or use to cover their 

emissions. 

 

This combination of an ETS with free allowance allocation, alone, may not be the 

most efficient way to achieve the combined goals of deep decarbonisation and 

avoiding carbon leakage, in future. 

 
8   Currently the EU ETS. From January 2021, the EU ETS will be replaced in the UK by either an equivalent UK ETS or a UK 

emissions tax. 

Government should design its 
industrial decarbonisation 
policies to support and create 
jobs, especially in regions with 
high reliance on industrial jobs. 

The design of policies to 
reduce UK manufacturing 
emissions must ensure that it 
does not damage UK 
competitiveness, leading to 
‘carbon leakage’. 

Prompt award of existing 
funding can help the 
recovery. 
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• Free allowance allocation within an ETS can protect competitiveness, but 

this combination alone is unlikely to provide a sufficient incentive to enable 

deep decarbonisation of manufacturing. In the longer term, there may be 

further issues, including relating to liquidity and consumption emissions. 

– The policy is unlikely to provide sufficient incentive to enable deep 

decarbonisation as a) costs for early manufacturing deep 

decarbonisation deployment will likely come at a premium above 

expected carbon prices b) the uncertainty of the carbon price level 

adds a further risk premium to costs. c) upfront capital support is likely 

to be required by manufacturers that seek very short payback periods 

(in addition to an ongoing carbon price incentive).  

– If a carbon tax combined with rebates or exemptions is implemented 

from January 2021 instead of a trading system, this is likely to reduce 

incentives for deep manufacturing decarbonisation further.9 

– The existing EU ETS (and potential subsequent UK ETS) plans to reduce 

free allowance allocation over the 2020s, which has left some 

companies concerned at the level of protection. 

– In the longer term, as the ETS cap falls, it may suffer from liquidity issues 

if a large proportion (or even 100%) of participants continue to be 

awarded free allowances. 

– This approach does not have the potential to reduce imported 

consumption emissions, which may be a longer-term consideration. 

 

Alternative approaches to enabling deep decarbonisation of manufacturing, 

while avoiding carbon leakage include taxpayer funding, carbon pricing 

combined with border carbon tariffs, and minimum standards. In the near term, 

taxpayer funding should be used to support deep decarbonisation in 

manufacturing sectors at risk of carbon leakage given the lead-times for other 

approaches and the need to make progress on decarbonisation over the 2020s.  

• Taxpayer funding of manufacturing deep decarbonisation projects would 

maintain industrial competitiveness and bring down project cost of capital.  

– Government has consulted on a Contract for Difference scheme to 

support both some capital and operational costs of industrial CCS 

projects. This, or other funding approaches, should be rolled out more 

widely across deep industrial decarbonisation.  

– Given the estimated costs of our scenarios set out in Chapter 3 of our 

Advice report, and that only part of industry is at risk of carbon 

leakage, the required exchequer support to decarbonise 

manufacturers at risk of carbon leakage would be around £2-3 billion 

per year in the early 2030s, assuming manufacturers do not face 

legacy policy costs on their electricity bills (see subsection (d)). 

 

• Border carbon tariffs10 would raise the price of high-carbon imported 

goods, by ensuring that they were subject to an equivalent carbon price to 

that faced by UK manufacturers.  

– Under this approach, manufacturers would pay for their emissions 

reductions, which could then be passed through to consumers in 

 
9 As companies would no longer be able to sell their free allowances if they decarbonise, which provides an incentive. 

10 These are typically referred to as border carbon adjustments (BCA); however, some stakeholders also use the term 

BCAs to encompass the application of standards at the border, which we treat separately. Therefore, we use the 

border carbon tariff terminology for clarity. 

Taxpayer funding, border 
carbon tariffs and minimum 
standards offer alternative 
approaches. 

An emissions trading scheme 
combined with free 
allowances, alone, is unlikely 
to provide a sufficient 
incentive to enable deep 
decarbonisation in the near 
term. 

Taxpayer funded policies 
should be used in the near 
term to enable deep 
decarbonisation and avoid 
carbon leakage. 
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higher prices without competitiveness impacts. It would also send a 

signal to other manufacturing countries to decarbonise their 

production.  

– This approach, and minimum standards (below), have challenges 

associated with measuring the carbon intensity of imports and 

international trade tension.  

– The EU and the new US administration have both announced plans to 

introduce border carbon tariffs. 

 

• Minimum standards applied to imported goods (in line with domestic 

standards) could also enable domestic production to decarbonise without 

threat of being undercut by high-carbon imports.  

– Standards could be applied on producers of goods or on purchasers, 

and applied at the primary, intermediary or tertiary product stage.11 As 

with border carbon tariffs, this would lead to a premium price for low-

carbon goods meaning that consumers would bear the cost.  

– Standards mandating near-zero-carbon intensity may need to be 

introduced later than the more flexible border carbon tariffs. Other 

formulations of standards may have an earlier role, either through 

partial reductions on carbon intensity of products or production, or 

indirectly through other requirements, such as resource efficiency 

requirements. Public procurement may also have a role. 

 

Following initial taxpayer funding, the broad pathway is likely to need to involve a 

transition towards border carbon tariffs or minimum standards, or border carbon 

tariffs followed by minimum standards (Figure 4.1).  

 

This transition reflects the likelihood that Government would seek to pass costs 

through to industry and subsequently consumers, once there is an alternative to 

subsidy mechanisms. The timing of this transition might be delayed in some areas 

where other benefits of subsidy approaches (such as reducing the risk from carbon 

pricing) make them desirable for longer. We estimate that providing support in this 

way would cost the exchequer around £2-3bn per year in the early 2030s, after 

which taxpayer support would fall.12 

 

 
11 Primary product: This would be an unmanufactured product, consisting of a raw material. Intermediary product: A 

product that is manufactured or produced from a primary product intended for use in a secondary product. It can 

include steel or concrete, milk, or a car engine. Tertiary product: The final product for end use or consumption. In 

agriculture and food, this would include ice cream; in fashion a dress; in building and construction a building and in 

automotive manufacturing a vehicle. 

12 assuming manufacturers do not face legacy policy costs on their electricity bills (see subsection (d)). 

Policies to protect 
competitiveness are likely to 
need to transition from being 
taxpayer-funded in the near-
term towards applying border 
carbon tariffs or minimum 
standards. 
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Figure P4.1 Indicative timings of policies to achieve the 

combined goals of deep decarbonisation and avoiding 
carbon leakage 

 

 
Source: CCC analysis 

Notes: Dashed lines reflect uncertainty and complexity. For example, standards could represent standards of 

differing ambition. Policies would likely apply to different products/sectors at different times. Taxpayer funding range 

intended to indicate first year of support (for example, for a CfD contract, which may then last for several years). 

 

Work should begin immediately to develop the longer-term options of applying 

either border carbon tariffs or minimum standards to imports of selected emissions-

intense products. This will provide Governments with the option to reduce the 

proportion of the cost of manufacturing decarbonisation that is borne by the 

taxpayer. With these options developed, Government will be able to decide on 

the appropriate mix of instruments, in consultation with the affected industrial 

sectors. It is particularly crucial to start work now, as many of the barriers could take 

substantial time to overcome.  

 

To develop the longer-term options of applying either border carbon tariffs or 

minimum standards to imports Government should: 

• Develop carbon intensity (or broader) measurement standards for selected 

industrial products and industrial processes, by working with industry and 

the international community. 

• Mandate disclosure of the carbon intensity (as defined by the new 

measurement standards) for selected industrial products and industrial 

processes in the early to mid-2020s. 

• Foster international consensus surrounding future carbon border/trade 

policy for products, using the UK 2021 G7 and COP presidencies. This will 

likely require engagement with the World Trade Organisation (WTO), to 

ensure future policy is developed to be WTO compliant. 

 

While the assessment above focuses on traded13 manufacturing, the principles are 

also applicable to non-traded manufacturing at risk of carbon leakage. However, 

for these sectors a basic incentive for decarbonisation, such as a carbon price is 

required first (see subsection (d) below). 

 
13 Those companies currently covered by the EU Emissions Trading Scheme 

This will require developing 
carbon intensity measurement 
standards, mandating that 
these are disclosed and 
fostering international 
consensus around trade 
policies. 

Work should begin 
immediately to develop the 
longer-term options of 
applying either border carbon 
tariffs or minimum standards to 
imports of selected emissions-
intense products 
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We note that some of the policies above are more obviously applied to imports to 

provide a level playing field for UK producers, but they could also be applied to UK 

exporters. For example, border tariffs could also involve rebates to exports from UK 

firms that have reduced emissions without full taxpayer support. 

 

Policies that apply to the carbon intensity of imports would also likely reduce the 

imported element of our consumption emissions. Chapter 3, Section 3 of our 

Advice report sets out an indicative effect on consumptions emissions under our 

Balanced Pathway, taking into consideration two different levels of international 

climate action.  

 

d) Carbon and electricity pricing for decarbonisation 
 

There are several gaps or weaknesses in the existing and emerging set of incentives 

for decarbonising manufacturing. 

• There is not a clear carbon price on manufacturers in the non-traded sector 

(i.e. those not in scope of the existing EU ETS). 

• The strength of carbon prices applying to manufacturers is typically 

insufficient to drive action in line with our Balanced Pathway. 

• Electricity prices are well in excess of costs that would reflect supplying 

extra low-carbon electricity. 

 

i) Create a clear decarbonisation signal in the non-traded 
sector 
 

There is not a clear carbon price on manufacturers in the non-traded sector. The 

closest policy is the Climate Change Levy (CCL), which is a tax on energy use that 

has been levied since 2001. The main CCL rate is currently 66% higher on electricity 

than gas, with a higher rebate applied on electricity (92%) than gas (83%) for 

Climate Change Agreement (CCA) holders.14 While Government plans to equalise 

the tax on electricity and gas by 2025, this will still not provide an incentive for non-

CCA holders to use electricity over gas.  

 

Government should reform overall energy and carbon pricing so that there is an 

incentive to switch to lower-carbon energy sources in the non-traded 

manufacturing sectors. Two options to achieve this are: 

• Extend the future traded sector carbon pricing policy (either a UK ETS or 

emissions tax) to the existing non-traded sector.  

• Reform the Climate Change Levy towards reflecting carbon content, so 

that electrification is clearly incentivised. If this approach is taken, there 

may be value in reviewing the role of Climate Change Agreements as the 

mechanism to incentivise electrical energy efficiency and protect sectors 

at risk of carbon leakage. 

 

 
14 Applies to 43% of 'industry' energy use - BEIS (2020) Evaluation of the second Climate Change Agreements scheme. 

Policies that apply to the 
carbon intensity of imports 
would also likely reduce the 
imported element of our 
consumption emissions. 

Government should create a 
clear decarbonisation signal 
for the non-traded sector. 
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ii) Strengthen carbon pricing  
 

Carbon prices and taxes on manufacturers are currently below the levels that we 

estimate are consistent with our Balanced Net Zero Pathway.  

 

We recommend that carbon prices and taxes on manufacturers should be 

strengthened, while we recognise that this may not be the only policy mechanism 

to support decarbonisation.  

• For the traded sector, if the UK has an ETS from January 2021, this 

strengthening can be achieved by using our Balanced Net Zero Pathway 

to set the cap for the UK ETS (see Chapter 10 of the Advice report).   

• For the non-traded sector, a tax, or equivalent, should be set well above 

the existing levels from the EU ETS to enable our Balanced Net Zero 

Pathway. This will require the non-traded sector to be covered by some 

form of carbon pricing, as recommended above. 

All carbon pricing should be designed to include measures that protect against 

carbon leakage, as set out in subsection (c).  

 

iii) Ensure cost-reflective electricity pricing 

At present, industrial electricity prices are well in excess of the costs that would 

reflect supplying extra low-carbon electricity (e.g. from additional inexpensive 

extra offshore wind). This difference is a barrier to electrification in manufacturing 

(and other sectors - see Chapter 6 of the Advice Report).  

We recommend that electricity pricing is reformed to reflect the much lower costs 

of supplying low-carbon electricity in the mid-2020s and beyond, so that 

electrification can play a cost-effective contribution to decarbonisation.  

 

e) Addressing manufacturers’ appetite for risk 
 

UK manufacturers typically require investments to pay back within at least few 

years, shorter than required by most other businesses. This reflects a lower appetite 

for risk and is a barrier to investment in measures to decarbonise manufacturing. 

 

Government should establish policies that address this lower appetite for risk.  There 

are two clear options: 

• Government could seek to provide tailored loans for manufacturers, that 

reduce risk to manufacturers and enable them to invest. This could involve 

below-market-rate loans or be delivered through the new National 

Infrastructure Bank. This approach may also need to address the 

reluctance of some manufacturers to take loans onto their balance sheets. 

Chapter 1 contains further recommendations on financing. 

• Government could provide capital grants, potentially embedded within 

policies. The draft Contract for Difference for industrial CCUS proposes to 

include an element of capital funding. The Industrial Energy Transformation 

Fund is considering grants to support energy efficiency measures that have 

longer payback periods. 

 

 

Carbon prices and taxes 
should be strengthened. 

Electricity pricing should be 
reformed to reflect the much 
lower costs of supplying low-
carbon electricity in the mid-
2020s and beyond. 

Government should establish 
policies that address 
manufacturers’ low appetite 
for risk, either though loans or 
grants. 
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f) Funding mechanisms for deep decarbonisation measures  
 

Electrification, use of hydrogen and application of CCS all scale up from 2025 in 

our Balanced Pathway for the manufacturing sector. This will require a funding 

mechanism or business model to enable this early deployment. However, current 

policies and proposals do not consider a business model to support 

electrification15 or the use of hydrogen and are too limited to supporting upfront 

costs rather than ongoing operational costs. 

 

Government should establish funding mechanism(s) to enable both electrification 

and hydrogen-use in manufacturing.  

• The mechanism(s) will need to support the operational costs of these 

measures, as well as some of the upfront costs.  

• This could be achieved by extending the proposed industrial CCUS 

Contract for Difference, in a similar way to the Netherlands’ Sustainable 

Energy Transition Scheme. 

• The mechanism(s) should award to projects from 2022, to enable 

deployment from 2025. 

 

Government should also finalise the Contract for Difference mechanism to support 

industrial CCS, to enable manufacturing CCS projects to be operating in 2025. 

Bioenergy with CCS and waste with CCS should also be considered within these 

mechanisms. 

It is likely that funding mechanisms will be required across the different parts of 

manufacturing in the early stages of deployment: traded and non-traded, and 

sectors at (and not at) risk of carbon leakage. A transition away from initial funding 

should be a lot faster for sectors not at risk of carbon leakage. 

 

The development of such mechanisms can help to drive investment in UK 

manufacturing, by reducing the policy risk that exists as a result of a lack of clear 

climate change policy for manufacturers.  

 

g) Support for innovation and demonstration 
 

The manufacturing and construction sector is diverse, involving a wide variety of 

different industrial processes, which will require different low-carbon technologies. 

Analysis we commissioned from Element Energy sets out many of these 

technologies.26 Several of these technologies required for Net Zero are still at earlier 

stages of development and require support for development. The Government has 

provided some initial support through its Energy Innovation Programme.  

 

Government should provide further support for innovation and demonstration. 

These demonstration projects are needed to enhance industry confidence in novel 

technologies, enable a better understanding of costs and requirements of different 

options and keep options open for different future scenarios. 

 

 
15 Beyond the very limited industrial application of the Non-Domestic Renewable Heat Incentive. 

Demonstration projects are 
needed to enhance industry 
confidence in novel 
technologies. 

Government should establish 
funding mechanism(s) to 
support upfront and operational 
costs for both electrification and 
hydrogen use in manufacturing 
– this is currently a clear policy 
gap. 
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h) Policy to improve resource efficiency, energy efficiency and 
enable material substitution 
 

Our Balanced Net Zero Pathway includes a range of resource efficiency, energy 

efficiency and material substitution measures. The measures can broadly be split 

between the following groups. 

• Consumer product related measures, including increasing product 

longevity; increasing product utilisation and sharing; optimising product 

design to reduce material inputs; and increasing recycling and reuse of 

products. 

• Construction related measures, including optimising construction designs to 

reduce material inputs; increasing reuse and recycling of construction 

materials and material substitution. 

• Manufacturing energy efficiency improvement measures. 

 

Carbon and energy incentives (subsection (d)) and policy to address 

manufacturers’ appetite for risk (subsection (e)) can help to encourage some of 

these measures, but in many cases non-financial policy is required. We set out 

policy recommendations to encourage the three groups of measures below. 

 

i) Consumer products  
 

The Government is taking steps to improve the resource efficiency associated with 

products, including through the Environment Bill’s new provisions. However, the 

Government should go further. The Government should: 

• Ensure continuous improvement to product standards, building on the 

success of the Ecodesign regulation. Coverage should expand to include 

major consumer goods and extend to consider how a product is made, 

through resource efficiency indicators such as the level of recycled content 

and critical material content, as well as how repairable, durable and 

upgradeable a product is. 

• Consider whether the forthcoming plastics tax should be expanded to 

cover other single-use materials.  

• Work with business to develop policies to facilitate more sustainable 

consumer behaviour such as incentivising the use of car clubs and ‘libraries 

of things’, discouraging ‘disposable’ business models such as fast fashion.  

 

ii) Construction  
  

There are currently few policies in place to improve resource efficiency and 

incentivise material substitution within construction of assets such as buildings and 

infrastructure.27 Standardised approaches to calculating embodied carbon at a 

building or infrastructure level are largely voluntary. To improve resource efficiency 

and incentivise material substitution within construction the Government should:  

• Work with industry to agree a standard for the ‘whole-life’ carbon footprint 

of buildings and infrastructure. 

• Introduce mandatory disclosure of whole-life carbon in buildings and 

infrastructure to facilitate benchmarking as soon as possible. 

 

Government should work 
towards introducing a 
mandatory minimum whole-
life carbon standard for both 
buildings and infrastructure. 

Government should extend 
product standards to cover 
how a product is made. 
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• Following this, introduce a mandatory minimum whole-life carbon standard 

for both buildings and infrastructure which strengthens over time, with 

differentiated targets by function and usage. For homes, this standard 

should be included within the Future Homes Standard. 

This could also provide a driver for decarbonising construction materials such as 

steel and cement. However, we do not think this should be the primary measure to 

support the initial uptake of transformative measures such as fuel-switching and 

CCS in these sectors. This is because steel and cement plants typically have a 

diverse set of customers, for which coordination would be challenging for this 

demand-side policy. This standard may also provide a route to decarbonising off-

road mobile machinery on construction sites (see subsection (i)). 

 

iii) Manufacturers’ energy efficiency  
 

A range of schemes currently support energy efficiency. Ambition will need to be 

tightened to meet our Balanced Pathway, including by strengthening energy and 

carbon pricing (subsection (d)) and addressing manufacturers’ low appetite for risk 

(subsection (e)).  

 

The Government could also consider strengthening enabling policies, such as 

mandating the use of Energy Management Systems. There may also be room for 

simplifying policy, for example by merging Streamlined Energy and Carbon 

Reporting (SECR) and the Energy Savings Opportunities Scheme (ESOS). 

Furthermore, Climate Change Agreements may require reform, after the 

upcoming round (see subsection(d)). 

 

i) Off-road mobile machinery 
 

Policy on off-road mobile machinery appears to have largely fallen through the 

gaps between Government Departments and planned strategies. However, with 

emissions of around 12 MtCO2e in 2018 from off-road mobile machinery across 

sectors16 (around half the emissions of Heavy Goods Vehicles), this area should not 

be ignored. This is emphasised by recent research suggesting that products of such 

low-carbon machinery may be an area of competitive advantage for the UK. 28 

 

We recommend that, failing its inclusion in either the Industrial Decarbonisation 

Strategy, Heat and Buildings Strategy or Transport Decarbonisation Strategy, it 

should be covered by the Net Zero Strategy. 

 

This should set out a clear plan to develop near-zero emission off-road mobile 

machinery (ORMM) for applications where these are not yet available and 

increase deployment for ORMM applications where options are already available.  

The standard on embodied carbon in construction recommended in subsection 

(h) could be one way to increase deployment of low-carbon ORMM. The plan will 

also need to address the potential challenge of providing a distribution 

infrastructure for future fuels. 

 

j) Infrastructure development  

Electricity, hydrogen and CO2 networks will all require development or upgrade in 

our Balanced Pathway. This will require actions on behalf of Government, 

regulators and network operators. 

 
16 6 MtCO2e/year from industrial off-road mobile machinery 

Policy on off-road mobile 
machinery appears to have 
largely fallen through the gaps 
between Government 
Departments and planned 
strategies. 

There may be room for 
simplifying energy efficiency 
policy, for example by 
merging SECR and ESOS. 
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i) CO2 transport and storage infrastructure  
 

CO2 transport and storage networks need to be developed to enable CCS across 

manufacturing and other sectors. Government has recognised the need to do this 

and has consulted on a support mechanism. Network infrastructure is likely to be 

focussed around a series of CO2 terminals and cluster points (Figure 4.2).  

 

Government should establish at least two CCS clusters (terminals or cluster points) 

in the mid-2020s, at least four by the late 2020s, and further clusters around 2030, to 

ensure our Balanced Pathway can be met. 

 

Our manufacturing Pathway also requires CCS to be fitted to a range of dispersed 

sites, particularly in the minerals sectors, such as cement and lime, with these 

sectors applying CCS (or potentially some CCU - Carbon Capture and Use) to all 

sites by 2040, with early projects starting in 2030. This may require substantial pre-

planning as the transport of CO2 will be more challenging than for sites located in 

clusters. It may involve trucking, shipping, trains or long pipelines, as identified by a 

study commissioned by BEIS.29 Establishing options, such as pipelines, could have 

long lead-times. 

 

Given there is no likely alternative to CCUS for deep decarbonisation of these 

sectors and the possibility of long lead times, Government should work with the 

minerals industries to develop a detailed joint plan for CO2 transport from dispersed 

sites. 

 

Figure P4.2 Potential locations for cluster points and 
terminals for CO2 transport and storage infrastructure 

 

Source: Element Energy (2020) Deep-decarbonisation pathways for UK Industry, report for the Climate Change 

Committee 

 

Government should establish 
at least two CCS clusters in the 
mid-2020s, at least four by the 
late 2020s, and further clusters 
around 2030. 

Government should work with 
the minerals industries to 
develop a detailed joint plan 
for CO2 transport from 
dispersed sites. 
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ii) Hydrogen distribution 
 

We anticipate that early hydrogen deployment in manufacturing in the second 

half of the 2020s will not be distributed through the existing gas networks (outside of 

trials), but rather via dedicated pipelines, or in some cases trucked. Hydrogen starts 

to be used via the existing gas networks (combined with dedicated new pipelines) 

from 2030 in our Balanced Pathway, starting near the industrial clusters.   

 

Government and regulators should prepare to make decisions about whether 

initial areas of the gas transmission and distribution networks should be converted 

to hydrogen. These should be made on a cross-sectoral basis (see Chapter 3, 

Figure 3.3).  

 

Future hydrogen (and alternative fuel) distribution plans should also consider the 

needs of off-road mobile machinery, which use around a fifth of the hydrogen 

consumed in manufacturing and construction in our Balanced Pathway. These are 

not typically located near clusters or with a grid connection. 

 

iii) Electricity network upgrades 
 

If a manufacturer decides to electrify its processes that currently use fossil fuels, it 

may require localised electricity network reinforcements. With widespread 

manufacturing this could necessitate a lot of localised network reinforcements. 

Ofgem and the network operators should prepare for this eventuality, which 

provides a different challenge to the larger but more evenly spread uptake of 

electrification of buildings and transport. 

 

k) Target Dates 
 

Meeting the Sixth Carbon Budget will require decarbonisation actions to ramp up 

across the economy. In manufacturing, it will be particularly important to develop 

the momentum behind change. To achieve this, we recommend that the 

government set the following targets to indicate ambition. 

• Government should target near-zero emissions from ore-based 

steelmaking17 in the UK by 2035. This could include CCS applied with high 

capture and application rates. 

• Government should target near-zero direct emissions from the cement 

sector by 2040.18  

 

l) Skills 
 

As a key constraint for the pace of the Balanced Pathway, the capacity of skills 

and supply chains needs to be increased. While this can be partially achieved 

through demonstration projects, additional work on mapping supply chains and 

future skills gaps is likely to be needed.  

 

As part of this, engineering, procurement and construction organisations and 

training institutions need to be engaged and consulted on new training courses for 

the required upskilling. This should involve a role for the Engineering Construction 

Industry Training Board (ECITB) and the Government’s new Green Jobs Taskforce. 

 

 
17 This is typically based on using coke – a refined form of coal - in blast furnaces. 

18 This excludes the negative emissions from BECCS, which would take the sector net negative.  

Government and regulators 
should prepare to make 
decisions about whether initial 
areas of the gas transmission 
and distribution networks 
should be converted to 
hydrogen. 

Government should set targets 
for UK ore-based steelmaking 
and cement production to 
reach near-zero emissions by 
2035 and 2040, respectively. 

Ofgem and the network 
operators should make plans 
for a potential increase in 
large localised network 
reinforcements for 
manufacturers. 

The capacity of skills and 
supply chains needs to be 
increased, which will require 
supply chains and skills gaps to 
be mapped. 
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1 Executive summary 

1.1 Context and scope 

Pathways for deep decarbonisation of UK industry by 2050 and the transition to net zero 

In May 2019, the Climate Change Committee (CCC) published ‘Net Zero: The UK’s contribution to 

stopping global warming’.  The report set out the Committee’s advice that the UK should commit to achieving 

net zero greenhouse gas emissions by 2050. The UK Government and Devolved Administrations subsequently 

legislated for net zero greenhouse gas targets. In 2020, the CCC began working on their sixth carbon budget 

advice to Government and sought to develop their understanding of pathways to 2050 for industrial 

decarbonisation, along with the necessary hydrogen and CO2 transport and storage infrastructure. 

Work previously carried out by Element Energy supported the CCC’s analysis on reducing industrial 

emissions through options including carbon capture and storage (CCS), bioenergy with carbon capture and 

storage (BECCS), switching to low carbon fuels, and reducing fossil fuel production emissions and fugitive 

emissions. Although that was a robust analysis, areas were identified to build on, particularly around pathways 

to reach net zero through deep decarbonisation, the selection of competing decarbonisation technologies, and 

the potential constraints on the pace of decarbonisation. This study aims to address these points and assess 

viable pathways for deep emissions reductions in UK industry through the developed Net-Zero Industry 

Pathways (N-ZIP) model. Along with supporting the CCC’s sixth carbon budget advice, this work is a critical 

input to informing the near-term decisions that are urgently needed from Government on policies for delivery, 

and on the funding required to support deep decarbonisation of industry. 

Industrial emissions were 110.9 MtCO2e in 2018 and concentrated in clusters 

This study focuses on emissions of greenhouse gases (CO2, CH4, N2O) from existing industrial sites that are 

categorised as ‘scope 1’, i.e. occur on-site from the combustion of fossil fuels or directly from industrial 

processes. Specifically, emissions from industries in scope amounted to 110.9 MtCO2e in 2018. Large point 

source sites identified in the study were responsible for 66% of emissions within scope, with the remaining 

34% arising from smaller sites. Many of the largest sites are concentrated in industrial clusters (see image 

below). This bears important implications for the geographical prioritisation of future decarbonisation efforts 

and for the corresponding infrastructure development plans.  

  

Heat map of 2018 emissions from large sites correlates directly to the corresponding locations of the 
UK’s six major industrial clusters (emission values derived from the NAEI database – 50km radius) 
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Disaggregation and projections of industrial emissions with key abatement technologies 

The industries in scope were categorised into 28 sectors, each with defined process archetypes. The figure 

below highlights the total baseline emissions projected to 2050, broken down by the ten highest-emitting 

sectors (as of 2020) with the remaining sectors aggregated. The dotted portion of the curve reflects reductions 

in emissions through resource efficiency, energy efficiency and actions in other sectors (REEE)1, determined 

by analysis undertaken outside the scope of this study. Before REEE reductions, emissions are projected to 

decrease, largely as a result of reduced fossil fuel production. With REEE measures implemented and without 

any deep decarbonisation abatement applied, industrial emissions would remain at 58.8 MtCO2e in 2050. 

 

Baseline and post-REEE emissions projections to 2050 (Balanced scenario)  

The breadth of existing equipment and processes used in industry means that any solution for 

decarbonising industry requires a similarly broad and bespoke range of technologies. This study has 

incorporated a range of key technologies, with a summary shown in the table below. Technologies were 

assessed on their capital and operating costs, along with cost reductions over time due to technology learning, 

and a number of key constraints impacting their deployment (e.g. technology readiness level, policy support, 

hydrogen and CO2 transport and storage availability, supply chain capacity). 

Summary of the deep decarbonisation technology options included in this study 

Type of Option Key Technology Types Key Sectors 

 

Electrification 

Electric Boilers, Kilns, Furnaces, Ovens, 

 Dryers, and Compressors 

Electric Arc Furnaces (for Iron and Steel) 

All Sectors 

 

Hydrogen 

(Green and 

Blue) 

Hydrogen Boilers, Combined Heat & Power, Kilns, 

Ovens, Furnaces, Dryers, and Compressors 

Hydrogen Direct Reduction (for Iron and Steel) 

All Sectors 

 

CCS 

Carbon Capture on: 

 Internal Fuel Combustion, Large 

Equipment/Sources, Process Emissions 

Refining, Chemicals, 

Cement, Iron and Steel 

 
BECCS 

Carbon Capture on Existing Biogenic Emissions 

Fuel Switching to Biomass Combined with CCS 

Waste Processing, 

Cement, Lime, Glass, Paper 

 Methane 

Management 

Leak Detection and Repair, Continuous 

Monitoring, Flaring Reduction 

Fossil Fuel Production and 

Fugitive Emissions (FFPFE), 

Iron and Steel 

 
1 Approximately 10 MtCO2e of REEE abatement was a result of reduced economy-wide demand for petroleum products, 
with approximately 6 MtCO2e of REEE abatement from reductions in Waste Incineration. 

1500  



Deep-Decarbonisation Pathways for UK Industry  
Final Report  

 

iii 
 

 

1.2 Deep-decarbonisation scenarios and results 

Five scenarios were investigated, all of which result in deep industrial decarbonisation 

As part of the CCC’s economy-wide sixth carbon budget analysis, five scenarios were defined, with each 

representing a credible future scenario for economy-wide net zero emissions by 2050: 

• Widespread Engagement (high efficiency and electrification): People are willing to make more 

changes to their behaviour. This reduces the demand for the most high-carbon activities and increases 

the uptake of some climate mitigation measures. 

• Headwinds (high hydrogen): People change their behaviour and new technologies develop, but there 

are no widespread behavioural shifts or innovations that significantly reduce the cost of green 

technologies ahead of current projections. This scenario is more reliant on the use of large-scale 

hydrogen and CCS infrastructure. 

• Widespread Innovation: This scenario sees high innovation in several carbon mitigation technologies 

and measures. Costs fall faster than central projections, allowing more widespread electrification and 

more cost-effective technologies to remove CO2 from the atmosphere. Resource and energy efficiency 

measures play a balanced role across the economy. 

• Tailwinds: A scenario with a combination of accelerated deep decarbonisation drivers from each of 

the 3 broad scenarios defined above. 

• Balanced Net Zero Pathway: An ‘options-open’ pathway that undertakes low-regret measures and 

develops options sufficiently to progress towards net zero whatever state of the world occurs. The 

pathway includes a balanced mix of technologies in the long term, which enables decision-making to 

change track depending on developments in the short-to-medium term. 

Fuel costs used in all scenarios are based on long run variable costs (LRVCs), rather than the retail 

price paid by industrial sites. The LRVCs exclude supplier costs, supplier profits and additional costs from 

lower carbon policies (e.g. carbon price, climate change levy, etc.), and are used to assess the system cost of 

pathways in a technology-neutral manner. The LRVCs used in this analysis are consistent with the CCC’s sixth 

carbon budget work in other economy sectors. 

Emissions can be reduced by over 95% by 2050 with remaining emissions offset by BECCS 

Industrial emissions across the UK are reduced to similar levels in all deep decarbonisation scenarios, 

resulting in remaining emissions between 3.3 MtCO2e and 4.8 MtCO2e in 2050. This represents a reduction of 

95% or greater from the 106.2 MtCO2e of industrial emissions in 2020. The similar decarbonisation potential 

of all scenarios results from a target-driven carbon value trajectory which ensures the majority of 

decarbonisation options have costs below the carbon value by the late 2040s. 

  
Emissions abatement pathway for the Balanced scenario 
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Emissions abatement pathway for the other four CCC scenarios 

The different contributions of efficiency, fuel switching and CCS in each scenario’s decarbonisation pathway 

by 2050 are evident from the charts above. A number of attributes apply across all abatement pathways: 

• CCS has a relatively consistent baseline of emissions reductions across the scenarios, 

remaining a key technology for industrial decarbonisation; no scenario has less than 13 MtCO2e of 

emissions reductions from CCS. This is because CCS technologies are likely the only option for 

decarbonising process emissions of CO2, internal fuel use, and waste incineration. Additionally, CCS 

is key for the production of a large amount of blue hydrogen in many scenarios. 

• BECCS is viewed as favourable for sites due to the potential for negative emissions by capturing 

biomass combustion emissions. BECCS is generally chosen as the first choice of technologies where 

it is deemed a suitable technology and if there is sufficient biomass resource. In addition, where 

biomass is currently used as a combustion fuel (not included in these emissions plots due to biogenic 

emissions), CCS is applied to these processes, providing additional negative emissions.  

• There is a role for both electrification and hydrogen in all scenarios, though the relative scale 

of each varies. In some processes, one or the other is heavily favoured (approx. 9-10 MtCO2e of 

emissions reductions each), while for other processes, electrification and hydrogen are reasonably 

competitive with each other, with the technologies chosen varying by scenario (another approx. 10-12 

MtCO2e). CCS also competes on a minor level for some of these emissions, however its use in this 

sense is largely limited to the larger sites.  

• Blue and green hydrogen remain closely matched – there is no clear winner between blue and 

green hydrogen across the different scenarios, with each dominating the hydrogen demand in two of 

the five scenarios. When a site decarbonises with hydrogen, it chooses either blue or green hydrogen 

based on lowest cost, sticking with that hydrogen supply up to 2050. In reality, supply arrangements 

are likely to be more flexible, with sites likely reticent to remain tied into long term contracts, meaning 

the blue vs. green hydrogen supply might change more in the later years of these scenarios.  
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Remaining emissions are balanced out by negative emissions from BECCS 

In all scenarios, there are two types of remaining emissions in 2050. The first is attributed to processes with 

no abatement applied. These are processes on sites which have not had any abatement applied to them, 

either because the abatement is too expensive to achieve a positive net present value (NPV), or because there 

were no options identified to overcome these. The second are residual emissions which remain after 

abatement technologies without an 100% abatement rate are applied. These are generally emissions 

remaining from <100% capture rate of CCS technologies, or technologies to abate flaring or other fugitive 

emissions. 

 

Remaining emission sources in 2050 (Balanced scenario) 

Industry generates approximately −10 MtCO2e/year of negative emissions by 2050. Initially this uptake 

is mostly composed of the negative emissions from fuel switching to biomass combined with carbon capture, 

primarily in the cement sector. In the later time periods, CCS is applied to the emissions from existing biogenic 

combustion, which is dominated by the waste processing sector. This is where emissions from the waste 

processing sector are captured from the incineration of mixed biogenic and non-biogenic waste, resulting in 

negative emissions from the capture from the biogenic part of the fuel. These negative emissions provide an 

opportunity for some of these sectors which have unabated emissions or residual emissions from <100% CCS 

capture rate to reach net zero and beyond. It is also worth noting that the negative emissions from industry as 

defined in this study become greater than the remaining emissions by the mid to late 2040s, meaning industry 

becomes a net negative sector by 2050. 

 

Negative emissions potential from BECCS in industry (Balanced scenario) 
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Detailed analyses of H2 and CO2 transport and storage infrastructure underpin all scenarios 

Costs and geographical constraints play a key role in determining which methods of hydrogen and CO2 

transportation and storage (T&S) are most likely to become widespread across regions and within industrial 

clusters in the UK. The N-ZIP model work has incorporated costs and constraints for onshore and offshore 

CO2 T&S in the North Sea and Irish Sea. The figure below highlights the trajectory in the next three decades 

for CO2 T&S demand from industrial carbon capture sources. By 2050, total economy-wide CO2 T&S demand, 

including power, greenhouse gas removal and blue hydrogen production, is concentrated across all six major 

UK clusters and three additional defined T&S points. 

  
CO2 T&S uptake from industry at defined points (Balanced scenario) 

Similarly, the N-ZIP model work assesses the costs and constraints for UK-wide deployment of hydrogen T&S 

infrastructure. Development of hydrogen transport infrastructure is of particular importance for 

industrial sites aiming to secure a reliable method of hydrogen supply. This study has assessed the 

potential for three primary modes of transport, with trajectories over time shown in the figure below. Early 

hydrogen uptake is supplied by dedicated pipelines, suggesting initial hydrogen pipeline build out around 

clusters to industrial sites is a cost-effective option prior to grid availability. Once gas grid conversion can be 

implemented at a site then this option generally takes over as the cheapest supply route. This grid conversion 

occurs if and once other sectors such as domestic and power become ready for hydrogen conversion.  

  

Hydrogen supply to industry by transport method (Balanced scenario) 
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1.3 Conclusions and policy recommendations 

The emission trajectories presented above and additional outputs from this study provide a number of key 

conclusions: 

• Deep decarbonisation by 2050 is possible and economically favoured – given the assumed 

carbon value trajectory (£121/tCO2 in 2030, rising to £346/tCO2 in 2050), industrial decarbonisation is 

highly favoured and industry achieves net zero by 2050, with ~3-5 MtCO2e of residual emissions in 

2050 balanced out by the negative emissions from BECCS. 

• All decarbonisation technologies considered are likely to be important – the most irreplaceable 

technology is likely to be CCUS, given its crucial role in abating process emissions. The scale of 

hydrogen fuel switching or electrification varies between the scenarios; each of them has processes 

and scenarios where they are the most favoured.  

• All scenarios favour a rapid decarbonisation as the ideal pathway– this involves implementing 

the large majority of decarbonisation by 2045 and swift action by the early 2030s on all of the major 

industrial clusters, including the acceleration of infrastructure deployment.  

• Industrial decarbonisation remains relatively low cost – given the large incentives modelled by 

the carbon value, industrial decarbonisation remains highly favourable, despite some increases in 

costs from previous estimates to account for any potential bias towards optimistic low costs. 

• Supply chain and skills availability is a key constraint for decarbonisation – this, rather than 

cost, constrains the speed of decarbonisation in some sectors, so swift action over the coming years 

is needed to ensure this constraint is mitigated to the levels modelled here or further. 

• Infrastructure availability could constrain decarbonisation – infrastructure and industrial sites 

were highly interdependent within this project, and this interdependence could be a barrier to project 

developers. This could be mitigated by clarity on business models across all elements of the value 

chains. 

• Progress on technology availability would constrain early adopters – with the modelled carbon 

value, technology availability does constrain implementation. Hence it is valuable to accelerate 

technology development and commercialisation. 

• There remains significant uncertainty, both around suitability and costs of technologies –  

however much of this should be mitigated over the coming years through early technology 

demonstrators and detailed subsector assessments of decarbonisation.  

Policy intervention is required to stimulate investment in deep decarbonisation 

The introduction of new industrial decarbonisation policies is widely expected to have a pivotal role in enabling 

deep decarbonisation. The interviewed and roundtable stakeholders representing UK industrial sectors and 

clusters believed policy support to be essential for establishing early business cases for deep 

decarbonisation investments while simultaneously mitigating the risk of carbon leakage. To further 

mitigate against the risks of slower technology development timelines, lack of infrastructure availability and 

lock-in of existing fossil-fuel appliances, the following policy-driven actions can be taken: 

• Support the development of pilot projects within each sector (if required) to robustly test the technical 

and economic potential of abatement technologies, develop assurance in novel technologies for industry 

investors, and keep options open for different technology options.  

• Detailed follow-on studies at the sector level to provide a comprehensive set of measures required 

for the sector to reach net zero. This could focus on deep decarbonisation options for a few representative 

sites to gain a holistic understanding of the interventions required. Extensive knowledge sharing should 

be encouraged to enable parameter updates in models such as N-ZIP. 

• International collaboration should be pursued so that that work is not duplicated and that public sector 

funds are spent efficiently and with maximum impact. 

• Finance comprehensive feasibility studies to support early implementation of technologies already 

available which could start decarbonising immediately (predominately in the context of process 
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electrification). It is recommended that a specific focus on deep decarbonisation (ideally net zero) be 

required, as well as extensive knowledge sharing of project findings.  

• Ensure that the required infrastructure is developed well ahead of time, so that fuel switching and 

CCUS can be implemented without delay when the business case is established. Government should 

aim to accelerate their implementation of the regulated asset base business model for a cluster-based 

CO2 T&S network. Similarly for hydrogen infrastructure, policy and funding designs should be tailored 

towards cost-effective infrastructure projects which, where possible, lead to repurposing or re-using parts 

of the existing natural gas infrastructure, helping to reduce costs and avoid stranded pipeline assets. 

• Introduce a financial support mechanism for a broad range of low carbon technologies. One option 

could be to adapt the government’s proposed approach for Contract-for-Difference financing for industrial 

emitters (to be implemented for CCUS projects) to evolve over time for other technology options (fuel 

switching, process changes, etc.). 

• If technology lock-in cannot be mitigated across all industrial sites, early decommissioning (i.e. 

scrappage) of fossil-fuelled appliances may need to be promoted or mandated on processes which 

are unable to be retrofitted. 

Despite the advantages these policy designs offer, the risk of carbon leakage is likely to persist. To 

mitigate against this risk, Government may need to consider policy designs beyond those that support 

technology and infrastructure deployment. A prominent policy lever proposed to address the concerns around 

carbon leakage is a Border Tariff Adjustment (BTA), which can be designed to issue import fees on goods 

produced in countries with lower carbon pricing policies and remit carbon taxes on exports intended for the 

same countries. It should be recognised that BTAs are a complex policy to design and implement, with further 

concerns still to be addressed on their effectiveness in mitigating carbon leakage. In particular, BTAs would 

need to be accordant with World Trade Organisation rules and free trade arrangements between governments.  

The focussed technical results from this study should be evaluated alongside broader considerations 

on the social, economic and environmental impacts of pathways. It is stressed that other factors will need 

to be considered for a complete evaluation of possible pathways for the deep decarbonisation of UK industries. 

This study touched on some of these factors but ignored many others, such as wider environmental impacts 

outside of greenhouse gases, job creation and social equity. Thus, the final recommendation is that the results 

from this study should be complemented by a broader, more holistic assessment of the possible 

decarbonisation pathways. 
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Acronyms  

ATR  Autothermal Reforming 

BECCS  Bioenergy with Carbon Capture   

                          and Storage 

BEIS  Department for Business,  

                          Energy and Industrial Strategy 

BTA  Border Tariff Adjustment 

Capex  Capital Expenditure 

CBAM  Carbon Border Adjustment  

                          Mechanism 

CCC  Climate Change Committee 

CCS   Carbon Capture and Storage 

CCU  Carbon Capture and Utilisation 

CCUS  Carbon Capture, Utilisation, and  

                          Storage 

CfD  Contract-for-Difference 

CH4  Methane 

CHP  Combined Heat and Power 

CO2  Carbon Dioxide 

CO2e  Carbon Dioxide Equivalents 

DRI  Direct Reduction of Iron 

DUKES  Digest of UK Energy Statistics 

EAF  Electric Arc Furnace 

EEP  Energy and Emissions  

                          Projections 

EPC  Engineering, Procurement and  

                          Construction 

EU ETS European Union Emissions  

                          Trading System 

ETS  Emissions Trading System 

FEED  Front-End Engineering Design 

FFPFE  Fossil Fuel Production and  

                          Fugitive Emissions 

 

 FOAK  First of a Kind 

GHG  Greenhouse Gas 

GOR  Government Office Region 

H2  Hydrogen 

LDAR  Leak Detection and Repair 

LHV   Lower Heating Value 

LNG  Liquefied Natural Gas 

LRVC  Long Run Variable Cost 

MPa  Mega pascals 

Mt  Mega tonne 

N2O  Nitrous Oxide 

NAEI  National Atmospheric  

                          Emissions Inventory 

NOAK  Nth of a Kind 

NPV  Net Present Value 

NRMM  Non-Road Mobile Machinery 

N-ZIP  Net-Zero Industry Pathways 

Opex  Operational Expenditure 

ONS  Office for National Statistics 

REEE  Resource Efficiency and Energy  

                          Efficiency 

SIC  Standard Industrial  

                          Classification 

SMR  Steam Methane Reforming 

SOAK   Second of a Kind 

SSF  Solid Smokeless Fuel 

T&S  Transport and Storage 

TRL  Technology Readiness Level 

UKPN  UK Power Networks 

 

 

Note on terminology 

Blue hydrogen refers to hydrogen produced from a feedstock of natural gas by steam methane reforming 

(SMR) or autothermal reforming (ATR) coupled with carbon capture, utilisation and storage (CCUS) of the 

resulting carbon dioxide emissions. Green hydrogen refers to hydrogen produced through water electrolysis 

using renewable electricity. Low-carbon hydrogen refers to both blue and green hydrogen. 

Whilst Carbon Capture, Utilisation, and Storage (CCUS), Carbon Capture and Storage (CCS), and Carbon 

Capture and Utilisation (CCU) are often used interchangeably in the literature, for consistency purposes, this 

report primarily uses CCS, with exceptions for when CCUS or CCU is used directly in the cited sources or 

tailored to a specific region. In this study’s modelling work, all captured CO2 was assumed to be stored offshore. 
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2 Introduction 

2.1 Background 

In May 2019 the Climate Change Committee (CCC) published ‘Net Zero: The UK’s contribution to stopping 

global warming’.  The report set out the Committee’s advice that the UK should commit to achieving net zero 

greenhouse gas emissions by 2050. The Government and Devolved Administrations subsequently legislated 

for net zero greenhouse gas targets. Element Energy supported the CCC’s analysis on reducing industrial 

emissions through a range of options including CCS, BECCS, fuel switching as well as reducing fossil fuel 

production emissions and fugitive emissions. Although that was a robust analysis using information available 

at the time, a number of areas were identified to build on, particularly around pathways to net zero, the selection 

of competing decarbonisation technologies, and the potential constraints on the pace of decarbonisation. 

In 2020, the CCC began working on the sixth carbon budget advice to Government and sought to develop 

their understanding of pathways to 2050 for industrial decarbonisation, along with the necessary hydrogen and 

CO2 infrastructure. Moreover, a number of key Government publications are expected this year including the 

Treasury’s review of how the costs of the transition to a net zero society can be funded, and the spending 

review and fiscal budget. The CCC’s advice will be published in December 2020, as required by the Climate 

Change Act, and preceding the key international climate change conference (COP26) due to take place in 

Glasgow in 2021. 

2.2 Scope 

This work is a critical input to informing the near-term decisions that are urgently needed from Government on 

policies for delivery, and on the funding required to support them. The overarching objective of this project is 

to inform the CCC’s sixth carbon budget advice to Government, relating to industrial decarbonisation and 

infrastructure for hydrogen transmission and distribution, and for CO2 transport and storage. This is to be done 

by (i) identifying a set of plausible pathways for decarbonisation that are credibly deliverable and that prepare 

sufficiently to complete decarbonisation by 2050, and (ii) creating an ‘options-open’ pathway that undertakes 

low-regret measures and develops options sufficiently to progress towards net zero. 

The scope of this project, and the Net-Zero Industry Pathways (N-ZIP) model developed, included: 

• Developing a bottom-up spatial UK industry database of GHG emissions2 and fuels use mapped onto 

the emissions inventory, including baseline projections 

• Identifying and quantifying all key constraints for technology and infrastructure deployment 

• Developing a technology database and a cost model calculating costs of all relevant decarbonisation 

technologies considering a wide range of infrastructure options (e.g. hydrogen and CO2 transport and 

storage (T&S) networks) 

• Incorporating all emissions, constraints, technologies and costs into a framework to simulate the 

decision-making process for industrial organisations’ investment and decarbonisation decisions 

utilising ‘Net Present Value’ (NPV) as a metric 

• Developing a fully transparent, unlocked, user-friendly model that will be used by the CCC and BEIS 

for scenario planning 

• Assess a wide range of sensitivities and developing key pathways using the N-ZIP model 

• Identifying key actions and policy measures for Government informed by the key pathways 

The final pathways considered were based on the CCC’s definition of 5 scenarios, which are characterised 

broadly as follows: 

 
2 The scope of this database covered CO2, CH4 and N2O emissions, but excluded F-gas emissions. 

1512  



 Deep-Decarbonisation Pathways for UK Industry 
Final Report  

 

7 
 

 

• Widespread Engagement (high efficiency and electrification): People are willing to make more 

changes to their behaviour. This reduces the demand for the most high-carbon activities and increases 

the uptake of some climate mitigation measures. 

• Headwinds (high hydrogen): People change their behaviour and new technologies develop, but there 

are no widespread behavioural shifts or innovations that significantly reduce the cost of green 

technologies ahead of current projections. This scenario is more reliant on the use of large-scale 

hydrogen and CCS infrastructure. 

• Widespread Innovation: This scenario sees high innovation in several carbon mitigation technologies 

and measures. Costs fall faster than central projections, allowing more widespread electrification and 

more cost-effective technologies to remove CO2 from the atmosphere. Resource and energy efficiency 

measures play a balanced role across the economy. 

• Tailwinds: A scenario with a combination of accelerated deep decarbonisation drivers from each of 

the 3 broad scenarios defined above. 

• Balanced Net Zero Pathway: An ‘options-open’ pathway that undertakes low-regret measures and 

develops options sufficiently to progress towards net zero whatever state of the world occurs. The 

pathway includes a balanced mix of technologies in the long term, which enables decision-making to 

change track depending on developments in the short-to-medium term. 

2.3 Report structure  

The remainder of this report is structured into seven additional chapters as follows:  

Chapter 3 presents the overarching methodology that was developed for the N-ZIP model, incorporating site 

decision-making criteria and the NPV calculation. 

Chapter 4 presents the methodological approach used to disaggregate the UK’s industrial emissions, leading 

to baseline emissions projections for defined sectors and processes. 

Chapter 5 informs the reader on the challenges and opportunities for infrastructure availability (primarily 

hydrogen and CO2 transport and storage, but also including electrification) and how these have translated into 

constraints within the N-ZIP model. 

Chapter 6 provides an overview and comparison of the deep decarbonisation technologies considered in this 

study, along with their timescales for commercialisation and availability, fuel supply constraints (primarily 

biomass), and supply chain constraints. 

Chapter 7 defines the unique differences that exist between the CCC’s five scenarios and provides the full set 

of results from the decarbonisation scenarios and sensitivities on the Balanced scenario. 

Chapter 8 provides a closer look at the results by displaying greater detail on emissions projections and 

technology deployment for key industrial sectors. 

Chapter 9 concludes by summarising key findings from the study, including key policy recommendations that 

have been informed by the results. 

 

  

1513  



 Deep-Decarbonisation Pathways for UK Industry 
Final Report  

 

8 
 

 

3 Modelling Methodology 

3.1 Overview 

Within the Net Zero Industry Pathways (N-ZIP) model there are 6 main stages, as illustrated in Figure 1 below. 

• Industrial Emissions and Fuel Use Projections – emissions and fuel use projections are collated for a 

baseline case and a case including resource and energy efficiency, disaggregated to the level of industrial 

sites and processes. More information on methodology and results is available in section 4. 

• Infrastructure requirements and cost – The cost of shared hydrogen and CO2 infrastructure is 

calculated, calculating the cost of hydrogen an CO2 transport and storage experienced by industrial sites 

in different regions. More information on methodology and assumptions is available in section 5. 

• NPV calculation for decarbonisation options – for each process at an industrial site, the net present 

value (NPV) is calculated for each decarbonisation option in each possible year. More information on 

assumptions behind this are available in section 3.2. 

• Site Decision Making Criteria – sites decide on their prioritisation of technology and timing for 

decarbonisation on the basis of NPV combined with constraints, such as technology availability (see 

section 3.3). 

• Constraints application – The technology options are selected for decarbonisation through assessing 

the impact of constraints such as availability of CO2 transport and storage capacity, UK wide biomass 

availability, technology readiness and capacity of the supply chain (see sections 3.4 and 5). 

• Infrastructure sizing – The infrastructure requirements for the calculated pathway are output, and another 

decarbonisation pathway calculated using this infrastructure sizing as an input. If the infrastructure 

requirements output are consistent with those used as the input for the pathway calculation, the pathway 

is used as the final output. The full set of details outlining infrastructure cost calculations can be found in 

the model’s Assumptions Log. 

 

Figure 1 Schematic of N-ZIP model 
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3.2 NPV Calculation 

One key part of the model is the framework to decide which decarbonisation technologies could be appropriate 

to install in a given year, for a given process at a site. Within this model, the metric used to assess the value 

of decarbonisation technologies is their Net Present Value (NPV). This refers to difference between the cost 

of the decarbonisation technology and the cost of the counterfactual, taking into account the discount rate and 

the value of avoided and abated carbon emissions. 

𝑁𝑒𝑡 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 (𝑁𝑃𝑉) =  ∑
𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐴𝑣𝑜𝑖𝑑𝑒𝑑 / 

𝐴𝑏𝑎𝑡𝑒𝑑 𝐶𝑎𝑟𝑏𝑜𝑛
− ∑

𝐶𝑜𝑠𝑡 𝑜𝑓 
𝐷𝑒𝑐𝑎𝑟𝑏𝑜𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛 𝑂𝑝𝑡𝑖𝑜𝑛

+ ∑
𝐶𝑜𝑠𝑡 𝑜𝑓 

𝐶𝑜𝑢𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑡𝑢𝑎𝑙
 

The model takes each site and calculates the NPVs of the decarbonisation options (combinations of 

decarbonisation technologies and years of installation) for each process on a site. This considers: 

• Suitability of technologies for decarbonising each process (more information in section 6). 

• The value of carbon and other drivers for decarbonisation, which are represented through the 

inclusion of a carbon value projection to represent the value of abated emissions in each year.  

• Capital costs (Capex), including the cost of capital and scrappage costs where relevant. 

• Fuel costs for the decarbonisation option compared to the counterfactual  

• Other operational costs (Opex), for example some components of the CO2 transportation and 

storage are represented as a fee here. 

Further information on the NPV calculations is available in the technical Assumptions Log. 

3.3 Site Decision Making Criteria 

Once the NPVs of all decarbonisation options (combinations of decarbonisation technologies and years of 

installation) have been calculated, the site needs to decide which options are possible, and then which options 

should be prioritised. Initially some options are eliminated, for example if the decarbonisation technology is not 

available in that year or if the site might close due to resource efficiency too soon after the decarbonisation 

option would be implemented.3 

The remaining decarbonisation options are then ranked to produce a ranked list. This is done on the basis of 

maximum NPV, with the constraint that the 2nd ranked option cannot have an earlier implementation year than 

the 1st ranked option, the 3rd ranked option cannot have an earlier implementation year than the 2nd ranked 

option, etc.. This constraint is put in place for the constraint application, described in the subsequent section. 

The output of this is a ranked list of decarbonisation options for each process on each site. 

3.4 Constraint Application 

Using the ranked list of decarbonisation options as the basis, the decarbonisation options are selected for the 

outputted pathway through application of constraints. Each site initially chooses its top ranked option, which 

produces a draft pathway. This pathway is assessed against a range of constraints including constraints on 

supply chains (the percentage of sites in a sector which can decarbonise in a given year), CO2 T&S 

infrastructure availability and capacity, H2 availability and production capacity and UK wide biomass use. 

These constraints are assessed year by year from 2020 to 2050. When constraints are exceeded, the pathway 

is updated by changing the choice of those sites which break the constraints to choose their next ranked 

technology option. The prioritisation of sites within the limits of constraints is done on the basis of the NPV of 

the decarbonisation option divided by the amount of the constraint which the decarbonisation option takes up. 

This produces the outputted pathway, which is taken into the infrastructure sizing portion of the model (and 

then the final pathway).  

 
3 In addition, the model accounts for some degree of non-rational actors. For instance, small sites below a certain size 
(<1ktCO2e/annum) are restricted to new installations at the end of life of existing equipment. Further discussion on the 
model’s capacity for accounting for non-rational actors can be found in the Assumptions Log. 
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4 Disaggregation and Projection of Industrial Emissions  

4.1 Overview 

The following section covers the approach for disaggregating and projecting the UK’s industrial GHG emissions 

within the N-ZIP model, including an overview of baseline industrial fuel consumption and counterfactual 

technologies. This resulted in the development of:  

• A database of industrial sites including processes, counterfactual technologies, energy use and 

emissions. 

• Geographical outputs from the database, showing a geographical disaggregation of fuel consumption 

by sectors and sites, focusing on the composition of key industrial clusters. 

• A baseline projection for energy use and emissions in the spatial database, applying CCC projections 

of energy, emissions, and abatement through energy/resource efficiency. 

Further information on modelling assumptions is available in the technical Assumptions Log and the N-ZIP 

model. 

4.2 Disaggregation of UK Industry 

4.2.1 Data sources and disaggregation approach 

This assessment of GHG emissions4 in the N-ZIP model was based on a mixture of publicly available data, 

including the National Atmospheric Emissions Inventory (NAEI), Office for National Statistics (ONS)5 and other 

data Element Energy has access to from previous work, including detailed emissions and fuel use data from 

industrial trade associations. The analysis built upon Element Energy’s existing bottom-up stock models of 

industrial processes and gas consuming appliances in the UK.6 This process also involved mapping 

site/location-specific emissions data from the NAEI point source emissions database7 onto the NAEI categories 

of emissions8.  

Table 1 below summarise the data and process used to define UK industry in this study. For “industrial sites”, 

broadly two different approaches were taken for large emitters, under the EU Emissions Trading System (ETS), 

and small emitters. As mentioned above, the NAEI point source emissions dataset is already available for 

large emitters in the UK, which was then combined with Element Energy’s detailed data on industrial processes 

(or appliances). For small emitters or emitters not included in the NAEI point source dataset, location-specific 

emissions data was not available. Emissions assigned to these sites were split between UK regions (former 

government office regions or GORs), and then split among a number of sites, with these sites defined to be of 

a size corresponding to a small site in that sector. 

 

 

 

 

 

 

 
4 Covering CO2, CH4 and N2O emissions, and excluding F-gas emissions. 
5 ONS Dataset on UK business: activity, size and location. 
https://www.ons.gov.uk/businessindustryandtrade/business/activitysizeandlocation/datasets/ukbusinessactivitysizeandloc
ation 
6 Industrial Fuel Switching, CCC Net Zero, CCC Fossil Fuel Production and Fugitive Emissions, and Hy4Heat studies 
7 https://naei.beis.gov.uk/data/map-large-source 
8 UK emissions 1990 to 2018, on a by source basis. https://naei.beis.gov.uk/data/ 
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Table 1 Disaggregation of UK industry data and methodology to define site types 

Emitter Size CO2 emissions data Fuel consumption data 
Industrial process / 

equipment archetypes 

Large emitters • Site/location-specific via 
NAEI point sources 
(within the EU ETS) 

• Sector-level data is 
available, i.e. Digest of UK 
Energy Statistics (DUKES)  

• Some site-specific data is 
available to Element Energy 
(e.g. gas consumption from 
network operators and data 
Element Energy gathered 
from Associations) 

Element Energy built bottom-
up stock models of appliances 
and industrial processes 
covering all industrial sectors 
included in this study (for BEIS 
industrial fuel switching, BEIS 
Hy4Heat WP6 industrial 
appliances, and CCC net zero 
industry studies) 

Small emitters • Difference between 
NAEI point source data 
and NAEI complete 
industrial emissions 
inventory  

Methodology to define UK industry based on site types 

Large emitters 
(“point sources”) 

Location specific information available (CO2 emissions from NAEI point sources) was 
mapped onto Element Energy’s existing stock model of industrial processes/appliances (from 
BEIS Hy4Heat / BEIS Industrial Fuel Switching / CCC net zero industry studies) to develop a 
bottom-up stock model of industrial sectors and processes for large emitters. 

Small emitters 
(“non-point 
sources”) 

NAEI process-level emissions inventory was mapped to defined industrial sectors (cement, 
food & drink, etc.). The difference between the inventory emissions and point source 
emissions data was allocated to small emitters. The non-point source emissions were 
geographically modelled within each of the UK’s regions (former GORs); this assumed a 
share of sectoral emissions in each region relative to the ONS data on businesses, which 
was mapped to each sector by Standard Industrial Classification (SIC) code. 

Fossil fuel 
production, fugitive 
and other emissions 
(FFPFE) 

Utilising the same data sources described above, FFPFE emissions were categorised into 
both the small and large emitters based on the existing level of information; no additional 
“site-specific” or locational data was added.  

4.2.2 Sector and process archetypes 

The N-ZIP model and this study grouped the UK’s industries into 29 sectoral categories. Additionally, each 

industrial sector was represented via simplified archetypes which enable a reasonably accurate representation 

of the energy and fuel use across different industrial processes. For the industrial heating processes, Table 2 

Categorisation of industrial heating processes by indirect/direct and high/low temperature provides a high-level 

categorisation of each by indirect or direct heating and high or low temperature.9 In Appendix 10.1, an 

additional table provides an overview of all industrial sectors and process archetypes which were defined for 

this study, along with the number of point source sites which are contained within each sector. Further details 

can be found in the Assumptions Log and N-ZIP model. 

Table 2 Categorisation of industrial heating processes by indirect/direct and high/low temperature 

 Indirect Heating Direct Heating 

High 

Temperature 

Steam Reformers 

Boilers (some) 

Kilns and Furnaces 

Metal Rolling and Melting 

Blast Furnaces and Sinter Plants 

Dryers (some, e.g. rotary) 

Low 

Temperature 

Regasification 

Boilers (most) 

CHP 

Ovens 

Dryers (most) 

 
9 Broadly speaking, high temperature refers to processes operating above 240°C and low temperature below that.  A 
deeper analysis of this categorisation can be found in Element Energy and Jacobs’ Industrial Fuel Switching Market 
Engagement Study for BEIS (2018). 
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4.2.3 Baseline emissions 

Carbon emissions from industries in scope amounted to 110.9 MtCO2e in 2018. Based on the sectoral 

characterisation, emissions are highly concentrated in the top 5 GHG-intensive sectors (i.e. oil platform, 

refining, primary iron production, other chemicals, and cement10), which taken together amount to 

approximately 48% of the total emissions, as shown in the breakdown in Figure 2.  

 

Figure 2 Baseline GHG emissions (2018) breakdown by industrial sector for the UK. 11 

Another key output of the disaggregation was the geographical mapping of industrial point source emissions, 

highlighting features of the emissions intensity of the different industrial clusters, illustrated in Figure 3. 

 

Figure 3 Heat map of 2018 point source emissions (left) correlates directly to the corresponding 
locations of the UK’s six major industrial clusters12 (right). 

 
10 “Other Industry” is not included in this list because it is an aggregation of a number of small industrial sectors. 
11 NAEI 2018 Emissions. The grouping “Sector < 1 MtCO2e” category is a sum of all sectors whose individual total 
emissions are less than 1 MtCO2e. This includes the following sectors: Non-ferrous Metal, Other Iron & Steel, 
Compressor Station, Coal Mine (closed), Other Fuel Production, LNG Terminal, Coal Mine (open). 
12 Emission values shown on the map for the industrial clusters are 2018 baseline emissions, including both point and 
non-point source emissions within a 50km radius of each cluster. 
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The majority of emissions (73.2 MtCO2e, 66% of emissions in scope) are from the large point sources included 

in the NAEI point source dataset, as previously defined, with the remainder of emissions (37.6 MtCO2e) 

distributed across the non-point source sites. Figure 4 and Figure 5 show the contribution from point and non-

point sources towards the total 2018 baseline emissions in each sector, split by sectors totalling greater and 

less than 2 MtCO2e.13 As highlighted in these figures, the split between point and non-point sources is highly 

variable, with some sectoral emissions even classified solely by point sources or non-point sources. 

  

Figure 4 Baseline GHG emissions (2018) for each industrial sector above 2 MtCO2e split by 
contributions from point and non-point source emissions. 

 

  

Figure 5 Baseline GHG emissions (2018) for each industrial sector below 2 MtCO2e split by 
contributions from point and non-point source emissions. 

 

 
13 For this study, baseline emissions from NAEI Point Sources in 2017 were assumed to remain equal in 2018. 
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4.3 Baseline Projections 

After disaggregation of the UK industry was completed, baseline energy and emissions projections were 

produced using estimates provided by the CCC, which incorporated data from DUKES, NAEI, and BEIS’ 

Energy and Emissions Projections (EEP). Further details on the approach to integrate emissions projections 

into the N-ZIP model can be found in the project’s Assumptions Log.  

The final breakdown of baseline emissions projections by each industrial sector, separating out the top ten 

sectors with greatest 2018 emissions, is shown in Figure 6. In addition, baseline fuel consumptions projections 

are shown in Figure 7. 

Key points to note from the baseline projections include: 

• Fossil fuel production sectoral emissions decline in the baseline up to 2050, due to the decline in 

production from UK assets. 

• Gas distribution has decreasing emissions, largely associated with decreased methane leakage from the 

network, due to the Iron Mains replacement programme reducing leakage, as well as the potential closure 

of parts of the network and/or switching parts of the network to hydrogen. 

• Emissions from the waste processing sector increase up to 2050, largely resulting from the incineration of 

increased volumes of waste. 

• The decrease in fuel consumption in the baseline projection is largely due to decreased natural gas 

consumption over the 2020-2040 period (following BEIS’ EEP). 

  

Figure 6 Baseline emissions projections to 2050. 

 
Figure 7 Baseline projections for fuel consumption across all of UK industry. 
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4.4 Resource Efficiency and Energy Efficiency (REEE) Projections  

After baseline energy and emissions projections were produced, assumptions for resource efficiency and 

energy efficiency (REEE) abatement over time were applied14. This included different levels of resource 

efficiency in each sector, as well as different levels of energy efficiency for each sector and each fuel. The 

categories included in the assessment of REEE were: 

• Energy Efficiency – reductions in fuel use and hence emissions for a given level of activity. 

• Resource Use in Production – reductions in the amount of material used to produce a product (e.g. 

reduced on site wastage/losses) resulting in reductions in fuel use and emissions for a level of activity. 

• Material Substitution – change in the materials used in production, and resulting change in emissions 

and fuel use for a level of activity (e.g. increased use of cullet - recycled glass). 

• Consumption of Resources – reduction in the demand for the product, and hence reductions in the level 

of activity in the sector. 

• Effects from economy-wide decarbonisation – additional changes in the level of activity of the sectors 

due to wider economy decarbonisation (used in the waste processing and refining sectors). 

The level of abatement provided by REEE varied between scenarios, with the Balanced scenario shown in 

Figure 8 and Figure 9. The key step in this process involved mapping the high-level disaggregation of the 

projections provided by the CCC / University of Leeds to the disaggregation decided for the project (i.e. 

industrial sectors and processes, as defined in the previous sections).  

Within the REEE analysis, a proportion of the reductions in emissions and fuel use in the two categories 

resulting in reductions of the sectors’ levels of activity (consumption of resources and effects from economy-

wide decarbonisation) were modelled as closures of sites, rather than reductions in the sizes of sites. 

These post-REEE projections of fuel use and emissions for each process on each site were the key output 

taken forward into the modelling of deep decarbonisation, with these projections used as the ‘counterfactual’ 

for modelling the implementation of deep decarbonisation technologies. Therefore, it should be noted that the 

level of abatement assigned to REEE is potentially inflated, given its preferential application as an ‘initial 

measure’. It is likely that in reality some of the REEE measures will actually correspond to fuel cost savings 

put in place after deep decarbonisation takes place, rather than emissions abatement, with corresponding 

increased emissions abatement ‘assigned to’ the deep decarbonisation technologies. 

Some of the figures are discussed in more detail in section 7.2, however some key points to note include: 

• As modelled, REEE results in an approximate emissions decrease of 20-35% from the baseline, depending 

on scenario. More than half of this decrease comes from the effects of economy-wide decarbonisation 

(e.g. impacts on refinery product demand and waste management). 

• Economy-wide fuel switching away from petroleum products results in a large decrease in emissions from 

the refining sector (approximately 9 MtCO2e of abatement), largely as the result of decarbonisation in other 

sectors of the economy, meaning lower demand for petroleum products. 

• The waste processing sector emissions are decreased significantly from resource efficiency due to other 

sectors producing less waste for incineration and waste fuel usage in other sectors. The Balanced scenario 

shown in Figure 8 has a significant decrease from the baseline (approximately 6 MtCO2e of abatement), 

with the Engagement and Tailwinds scenarios (not shown) including an even more pronounced decrease. 

 
14 Analysis of REEE measures undertaken independently by the University of Leeds. 
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Figure 8 Baseline and post-REEE emissions projections to 2050 (Balanced scenario). 

 

 

Figure 9 Post-REEE projections for fuel consumption across all of UK industry (Balanced scenario). 
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5 Infrastructure for Deep Decarbonisation of Industry 

This section explores the required infrastructure for deep decarbonisation of industry and explains the 

assumptions and methodology to quantify constraints on the pace of CO2 and hydrogen infrastructure within 

the N-ZIP model. A shorter discussion on the challenges of electrification infrastructure is included; however, 

it should be noted the model does not directly quantify the potential challenges impacting the pace of 

electrification (e.g. site connections, expansion of networks, etc.). Discussions with stakeholders in key 

industrial clusters and potential project developers in the UK were conducted to validate assumptions15. Further 

information can be found in the technical Assumptions Log and the N-ZIP model itself. 

Two key constraints for infrastructure deployment will be the availability of commercial business models and 

enabling policy/regulatory conditions, which the N-ZIP model does not strictly take into account in the lead 

times for infrastructure. However, stakeholder engagement confirmed that the initial years of availability for 

infrastructure were determined to allow enough time for an enabling policy/regulatory environment to be 

developed, given there is sufficient political will. Using a target-driven carbon value analysis, this work aimed 

first to develop deep decarbonisation scenarios that were based on physical constraints limiting deployment 

of infrastructure, then to identify appropriate measures and policies based on the outputs. 

5.1 Hydrogen Infrastructure 

5.1.1 Hydrogen production 

In the N-ZIP model, all hydrogen production points (Figure 10) were assumed to have the availability 

of both blue and green hydrogen, with estimates for initial years of availability shown in Table 3. Future 

large-scale hydrogen production is likely to be centralised and delivered to multiple sectors (e.g. 

residential/commercial heating, heavy-duty vehicles, shipping, etc.). Blue hydrogen, coupling reforming of 

natural gas with CO2 transport and storage infrastructure, is currently being developed in many of the UK’s 

industrial clusters with the aim to deliver hydrogen to industrial sites as early as 2025 in some clusters16. 

Similarly, green hydrogen, coupling electrolyser technology with renewable electricity generation, is also being 

trialled with the with the aim to deliver hydrogen to an industrial site as early as 2024-202517.  

  

Figure 10 Locations of production points and storage options for hydrogen infrastructure. 

 
15 In addition, infrastructure assumptions were showcased and validated at two stakeholder roundtables, which included 
experts from Ofgem, National Grid Ventures, National Infrastructure Commission, DNV GL, and cluster projects. 
16 For example, the HyNet, Acorn, Zero Carbon Humber, and Net Zero Teesside projects. 
17 For example, the Gigastack project in the Humberside region. 
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It is worth noting the rationale for the selection of hydrogen production points. A majority of the points were 

selected on the basis of current project plans in industry: Acorn project in Scotland (St Fergus/Grangemouth), 

Net Zero Teesside project (Teesside), Zero Carbon Humber project (Humberside), HyNet project 

(Merseyside), Project Cavendish (Medway) and the South Wales Industrial Cluster roadmap (South Wales). 

Londonderry was selected on its potential for CCS infrastructure in Northern Ireland18 and proximity to 

industrial sites in the region that could utilise hydrogen/CCS infrastructure. Southampton was also selected on 

the basis of its high emissions density and potential demand for hydrogen (e.g. Fawley refinery). 

Table 3 Initial year of hydrogen availability for each of the production points. 

Production Point 
Initial Year of 

Availability19 

 
Production Point 

Initial Year of 

Availability 

Merseyside 2025  Humberside (in-land) 2028 

St Fergus 2025  Southampton 2030 

Grangemouth 2025  South Wales 2030 

Teesside 2026  Medway 2030 

Humberside (terminal) 2027  Londonderry 2030 

 

5.1.2 Hydrogen transport and storage 

After hydrogen is produced, the methods of hydrogen transport and storage shown below (Figure 11) enable 

the delivery of hydrogen to individual industrial sites. Costs and geographical constraints play a key role in 

determining which methods are most likely to become widespread across regions and within industrial clusters 

in the UK. 

Transport options (production point to site) Storage options 

 
Trailer 

 
Dedicated 

pipelines  

 
Converted gas 

network 

 
Salt caverns 

 
Ammonia 

Figure 11 Hydrogen transport and storage options considered in the modelling work. 

Hydrogen storage will be a necessary component of infrastructure to buffer base load hydrogen production 

with intermittent or variable demand or intermittent electrolysis with continuous demand. This study took the 

approach of modelling two key hydrogen storage options for the UK:  

• Salt caverns. For regions that have access to them, underground salt caverns are likely to be a cost-

effective storage option, particularly if re-using existing salt caverns used for gas storage (e.g. 

Teesside hydrogen storage at the Seal Sands salt field20 and the Rough hydrocarbon field for natural 

gas storage21).  

• Ammonia-based: Hydrogen storage is also being explored through the production of ammonia, a 

high energy density chemical with mild cryogenic and pressurization constraints, that can be more 

 
18 BEIS, CCS deployment at dispersed industrial sites, 2020. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/929282/BEIS_-
_CCUS_at_dispersed_sites_-_Report__1_.pdf 
19 Broadly consistent with the latest cluster project estimates, incorporating internal Element Energy estimates on 
infrastructure lead times that have been revised based on feedback from stakeholder interviews. 
20 H21 Leeds City Gate Report 
21 Element Energy, Hy-Impact Series (Study 1: Hydrogen for economic growth) (2019) 
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easily stored at scale in above ground storage tanks or transported via shipping. For areas that lack 

salt cavern storage, such as Scotland and South Wales, ammonia could be produced in locally-

sourced blue hydrogen production facilities (e.g. Port Talbot) or imported for cracking.21  

Other methods of hydrogen storage exist, including line packing in the transmission system and distribution 

network, or direct storage in large above ground tanks. Both of these are better suited for locations situated 

close to high demand variations in localised supply and are unlikely to be used at scale for the centralised 

storage requirements resulting from large demand variations across regions or seasons.22 

For hydrogen fuel switching applications, industrial sites will be constrained by the means in which they can 

receive dedicated supply from the hydrogen production points. Large industrial consumers and/or sites within 

industrial clusters closely situated to hydrogen production locations are likely to be early adopters of hydrogen 

fuel switching, as evidenced by current projects and trials underway. The modelling work conducted 

explored three key options for hydrogen transport: 

• Dedicated pipelines: Dedicated hydrogen pipelines, which may be a mix of new and existing 

infrastructure, can be developed such that industrial hydrogen consumers can share the costs of 

hydrogen delivery at scale. Cluster-based hydrogen supply networks will be able to supply numerous 

energy users through their routing and are likely to be in operation in one or two clusters by the late 

2020s.  

• Trailer Delivery: For industrial users who may be more dispersed or using smaller quantities of 

hydrogen, hydrogen transportation could be performed using trailers, as delivering hydrogen from 

centralised hydrogen sources via long-distance, low capacity pipelines could become cost prohibitive.  

• Converted gas grid: For many industrial sites, particularly those with lower hydrogen consumption 

and/or dispersed sites outside of clusters and further away from hydrogen production point, the ability 

to transition to hydrogen-fueled appliances will likely require waiting for the conversion of the local gas 

grid. First steps towards a 100% hydrogen gas network are now underway across the UK, including 

projects such as H21 North of England, SGN’s H100, and National Grid’s HyNTS. These have 

explored the safety case for hydrogen in transmission and distribution pipelines, along with 

investigating the new processes and procedures required to provide the necessary balancing and 

storage services for future intraday and interseasonal hydrogen demands. This will include the 

development of new industrial metering equipment capable of withstanding high pressure and injection 

rates, as current natural gas equipment is unable to cope with the accurate metering required for high 

volume industrial users.23  

5.1.3 Constraints on pace of deployment and cost considerations 

The necessary infrastructure components for an industrial site’s hydrogen supply will be limited by both future 

development timelines and specific geographical constraints. As such, a site’s strategy for securing hydrogen 

supply will be dependent on whether new infrastructure will be deployed for hydrogen transmission/distribution 

or whether parts of the gas network will be converted to hydrogen at given times. To simulate these factors 

influencing the supply of hydrogen to industrial consumers, the following constraints and cost impacts in Table 

4 were incorporated into the N-ZIP model. 

 

 

 

 

 

 
22 Element Energy, Hydrogen supply chain evidence base (2018) 
23 ENA Delivering the transformation to hydrogen networks, 2019  
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Table 4 Constraints impacting hydrogen infrastructure deployment and cost 

Constraints Impact on Model 

 

Maximum hydrogen production 

rates for industry in each year and 

region (ramping up of production) 

Industrial sites are pre-assigned to hydrogen production 

points, each of which are constrained by the cumulative 

hydrogen demand in that region. To determine which 

sites were early hydrogen adopters, prioritisation was 

done on a first come first served and most cost-effective 

basis. 

 

 

Lead time from investment 

decision to operation of a 

centralised cluster transmission 

and distribution pipeline network 

An estimate for the earliest availability of hydrogen supply 

(i.e. earliest year for hydrogen supply for sites, see Table 

3). Costs for hydrogen pipelines of the cluster-based 

networks and dedicated pipelines are incorporated into 

the capital and operating costs for hydrogen conversion at 

the site level. 

 

 

Lead time and regional rates of 

conversion to convert existing 

distribution network from gas to 

hydrogen 

An estimate for the availability of hydrogen supply (i.e. 

earliest year and roll-out rates for hydrogen supply24 for 

dispersed or smaller sites requiring grid conversion). 

Network costs for hydrogen distribution are incorporated 

into the fuel cost if sites select this option. 

 

Variable options for hydrogen 

storage within different regions / 

production points 

Green and blue hydrogen fuel costs (specifically the 

storage cost component) are dependent on cost 

estimates for salt caverns or ammonia production and 

cracking within each region. 

5.2 CCS Infrastructure 

5.2.1 Carbon capture and cluster points 

In the N-ZIP model, industrial sites benefit from economies of scale when considering carbon capture 

for abatement as regional CO2 transport and storage costs are driven down by increasing capacities.  

This was an important consideration as for a number of key industrial sectors (cement, lime, iron and steel, 

etc.), where CCS or BECCS abatement technologies will be pivotal for achieving deep decarbonisation. 

Projects where the CO2 transport and storage infrastructure is shared by multiple neighbouring industrial 

emitters, as clusters, benefit from substantial economies of scale and are expected to represent the 

predominant format for commercial projects. In the UK, this cluster-based approach for infrastructure 

development has already been proposed in various regional projects. The assumed locations of cluster points 

and terminals used in this modelling work are shown in Figure 12. 

 
24 The possibility for grid conversion and hydrogen supply from the gas network is assumed to begin 5 years after the 
first year of hydrogen production availability and expands radially over time from hydrogen production points at a rate of 
10 km per year. 
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Figure 12 Locations of cluster points and terminals for CO2 T&S infrastructure. 

Most industrials clusters are situated around or near major ports and terminals. The four terminals that have 

reached the most advanced stages of CCS project planning are at Merseyside, Peterhead, Teesside and 

Humberside. To achieve economies of scale, the CO2 transport demand at these terminals will need to be 

sufficiently high in the offshore pipeline networks to ensure high injection rates (in the order of MtCO2/yr) 

downstream into the CO2 storage sites. For the clusters with more easily accessible storage sites in the North 

Sea (Grangemouth25, Teesside, Humberside) and the East Irish Sea (Merseyside), large-scale CCS 

deployment is planned to occur earlier. Due to storage limitations, other clusters (e.g. South Wales and 

Southampton) may rely on CO2 transport to other clusters by ship, so CCS operations is planned to begin later. 

The estimates for initial years of availability used in the modelling are shown in Table 5. 

Table 5 Initial year of availability for CO2 T&S infrastructure for each of the terminals / cluster points. 

Terminal / Cluster Point 
Initial Year of 

Availability26 

 
Terminal / Cluster Point 

Initial Year of 

Availability 

Merseyside 2024  Southampton 2030 

St Fergus 2024  South Wales 2030 

Grangemouth 2025  Peak District 2030 

Teesside 2026  Medway 2030 

Humberside (terminal) 2027  Londonderry 2030 

Humberside (in-land) 2028    

5.2.2 CO2 transport and storage 

After CO2 is captured at each industrial site, the methods of CO2 transport and storage shown below (Figure 

13) enable the final sequestration of carbon in offshore storage sites in the East Irish Sea and North Sea. 

Costs and geographical constraints play a key role in determining which methods are most likely to become 

widespread across regions and within industrial clusters in the UK. 

 

 
25 Via transport to the St Fergus terminal (i.e. Acorn project). 
26 Broadly consistent with the latest cluster project estimates, incorporating internal Element Energy estimates on 
infrastructure lead times that have been revised based on feedback from stakeholder interviews. 
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Transport options  

(site to cluster point / terminal) 
Offshore transport and storage options 

 
Trailer 

 
Dedicated pipelines 

(onshore)27  

 
Dedicated pipelines 

(offshore)27 

 
Shipping 

 
Offshore 

Storage27 

Figure 13 CO2 transport and storage options considered in the modelling work. 

For offshore transport and storage from terminals, an important consideration for project developers 

will be the re-use of existing assets. This involves re-purposing offshore oil and gas assets (pipelines, 

depleted reservoirs, platforms, etc.) that have reached the end of their commercial life for producing 

hydrocarbons to be part of a CO2 transport and storage network. Current proposals include the Acorn project’s 

re-use of offshore trunk pipelines from St Fergus that connect to the Captain sandstone storage formation and 

HyNet’s re-use of a range of existing infrastructure that connects the Merseyside terminal (at Point of Ayr) to 

the Liverpool Bay gas fields.28 Some clusters may also benefit from re-use of existing onshore assets, such as 

Acorn’s proposal to re-purpose the Feeder 10 natural gas pipeline in Northern Scotland to transport CO2 from 

Grangemouth to Peterhead. 

Industrial clusters may also exist in-land, such as the concentration of cement and lime sites in the Peak District 

or the various industrial sites situated around the Drax Power Station in Humberside. For such locations, 

achieving economics of scale for CO2 transport will require large onshore trunk pipelines from a collection point 

within the clusters to the nearest port or terminal. 

Shoreline-based clusters with easy access to ports and in areas where offshore pipeline construction 

is unfeasible are likely to develop CO2 shipping solutions as a lower cost solution to transport CO2 to 

operating terminals with offshore T&S infrastructure. Business models for CO2 shipping are likely to open up 

opportunities for international collaboration. As a result, the UK could begin to use some of its shipping fleet 

and/or its terminals for receiving CO2 shipments from continental Europe (or vice versa for exporting). This 

could connect UK ports with potential early movers such as Norway and Rotterdam or other key industrial hubs 

with limited offshore CO2 storage potential (e.g. France and Germany).29 

5.2.3 Constraints on pace of deployment and cost considerations 

An industrial site’s decision to incorporate CO2 capture technology will be highly dependent on its ability to 

access low-cost CO2 T&S infrastructure and the years in which the infrastructure becomes available. 

Historically, long lead times for CCS projects have been projected (especially CO2 storage, which may take 

around 10 years from appraisal to operation). However, with recent appraisal studies having now been 

conducted for a greater number of CO2 storage sites, lead times are likely shorter for these sites, if project 

planning and permitting does not present significant unforeseen delays. 

Planning delays could occur in clusters where sites are unable to commit to utilising CO2 capture for 

abatement. This CO2 volume uncertainty presents significant risk for project developers as to whether CO2 

infrastructure can be over-sized (or right-sized) for follow-on projects. Sites may also be hindered from 

obtaining the required implementation and operating consent, permits and licenses for all aspects of the CCS 

chain, which may lead to further delays in reaching final investment decisions and construction. Particular 

concerns surround the geographical constraints of certain industrial sites; for example, dispersed cement and 

 
27 Includes options to re-purpose existing oil and gas assets. 
28 BEIS Consultation for Re-Use Of Oil and Gas Assets for Carbon Capture Usage and Storage Projects 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/819901/reuse-oil-gas-
assets-ccus-projects.pdf 
29 Element Energy, Hy-Impact Series (Study 1: Hydrogen for economic growth) (2019) 
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lime sites in the UK, which may require road/rail transport if onshore pipelines are not feasible, may be sited 

in national parks and may not be able to receive a permit30. 

To simulate the factors impacting the availability of CO2 T&S infrastructure for industrial consumers, the 

constraints in Table 6 were incorporated into the N-ZIP model. The lead time constraints in Table 6 were also 

used to inform and develop the years of infrastructure availability outlined previously in Table 5. 

Table 6 Constraints impacting CCS infrastructure deployment and cost 

Constraints Impact on Model 

 

 
 

Lead time from appraisal 

to operation of CO2 storage 

site / facility 

An estimate for the availability of an operating CO2 storage facility 

will define the start year for T&S infrastructure from the defined 

shoreline terminals. This estimate is derived from current projects 

and incorporates constraints on various stages of project 

development (planning; front-end engineering and design 

(FEED); engineering, procurement and construction (EPC); etc.). 

 

Maximum capacity of 

appraised / potential CO2 

storage sites 

In each storage region, CO2 storage limits on an annual injection 

rate (Mt/y) are set in each year. These limits reflect the total 

potential demand coming into each region (e.g. Teesside and 

Humberside terminals limited by sites in Southern North Sea). 

Sites are prioritised if necessary on a first come first served and 

most cost effective basis. 

 

 

Lead time for construction 

of pipelines or re-use of 

existing pipelines 

Lead times for construction of pipelines were found to be shorter 

than CO2 storage lead times, and so are assumed to not 

constrain availability of T&S infrastructure. 

 

Lead times for shipping 

and port infrastructure  

Additional lead time estimated for clusters requiring shipping (e.g. 

South Wales and Southampton). Our model assumes these 

clusters will also require another shoreline terminal being online 

before they can connect to storage. 

5.3 Electrification Infrastructure 

An industrial site’s peak electricity consumption influences the size of its existing connection to the grid. If a 

site decides to electrify its existing fossil-fuelled processes, this existing connection/network may have spare 

capacity to deliver additional electricity supply or, conversely, require localised network reinforcements. In 

cases where new electricity consumption is significant enough, reinforcements may even require new 

substation installations with fixed costs (£/kW) that decrease as connection size increases. While there is some 

evidence available to determine general costs on upgrading overhead lines or underground cables, there are 

large uncertainties associated with future site-specific network reinforcement costs, given the assumptions that 

would need to be made on the variables involved (e.g. existing connection, spare network capacity, future 

network changes).31 Variations in estimates of reinforcement costs are shown in Figure 14. For the N-ZIP 

model, an average fixed cost (£/kW)32 was assigned to all processes requiring an increased 

electrification demand of 8 MW or greater and applied to a percentage of sites below this level 

(assumed to be 90% of the remainder of the sites).33 

 
30 Element Energy for BEIS, CCS deployment at dispersed industrial sites (2020) 
31 In this project, the CCC engaged with the Energy Networks Association and their Low Carbon Technologies Working 
Group (made up of the electricity system operator and transmission/distribution network operators) to discuss the various 
assumptions on network reinforcement costs for industrial sites. A rigorous analysis of costs was deemed not possible 
due to the lack of detailed data at the site-level. 
32 This ranged between 350 – 450 £/kW depending on the scenario. 
33 Estimate based on internal knowledge from Element Energy’s electricity networks experience representing a number 
of highly geographically variable factors. 
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Figure 14 Variability of estimates for network reinforcement costs for industry34 

Evidently, while specific sites may be constrained by upgrades to local distribution networks before electrifying 

appliances or processes, it was determined that there need not be a constraint on rollout if there is sufficient 

notice to the networks from both government and sites themselves. Ideally, sites should coordinate with their 

local distribution network operators to construct a detailed, coordinated plan for rollout of electric technologies 

such that the networks can plan their upgrades in advance.35  

At the national level, widespread electrification of transport and heating has been evaluated to determine its 

impact on the necessary build-out rates for new electricity generation. Recent studies suggest that build-out 

rates of new electricity generation between 2020 to 2050 can support nationwide increases in electricity 

consumption of 6 to 7 TWh per annum,36 with deployment in accelerated scenarios as high as 16 TWh per 

annum.37 In this study, the additional electricity consumption from industry resulted in a modest 

average increase in electricity consumption of 1.7 TWh per annum.38 

5.4 Impact of Cross-sectoral Demand 

In addition to the impact of geographical constraints, the future costs of blue hydrogen and CCS deployment 

will be highly dependent on the demand for CO2 transport and storage. This study has incorporated economies 

of scale into the costs of CO2 transport and storage, as shown in Figure 15, by developing cost curves for the 

necessary CCS infrastructure components at each cluster point and terminal. These cost variations are fed 

into blue hydrogen’s CCS cost component, which decreases accordingly as demand increases. Industrial 

sites that select blue hydrogen or CCS abatement in early years are therefore subject to more 

expensive hydrogen fuel costs and CO2 T&S operational costs in the early years of the model’s NPV 

calculation. 

 
34 Courtesy of the CCC. References for graph: “Ricardo” - HGV Infrastructure Requirements; “EST” - Stakeholder 
engagement with Energy Savings Trust’s chargepoint team; “Waterloo” - LowCVP’s Low Emission Bus Guide (Waterloo 
bus depot); “EV Report” – range of costs from Cross River Partnerships’ EV Report; “UKPN” – stakeholder engagement 
with UK Power Network’s (UKPN) connections team (range of costs provided for varying new connection sizes). 
35 Element Energy stakeholder engagement with the Energy Networks Association and UKPN. 
36 https://www.theccc.org.uk/wp-content/uploads/2019/05/CCC-Accelerated-Electrification-Vivid-Economics-Imperial.pdf 
37 National Grid Future Energy Scenarios (2019) http://fes.nationalgrid.com/fes-document/ 
38 Taken as the average between 2020 and 2050 for the Balanced scenario run. 
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Figure 15 Sample of cluster point and terminal offshore CO2 T&S levelised costs (note the non-linear 
scale). 

To effectively represent economy-wide infrastructure requirements, the model’s costs of blue hydrogen and 

CCS infrastructure are also impacted by the demand from other sectors of the economy (e.g. increasing uptake 

of hydrogen consumption for residential heating or the power sector). Estimates from additional CCC modelling 

work have informed these assumptions and a sample of the final 2050 demands are provided in the results 

section (Figure 34). 
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6 Decarbonisation Technologies in Industry 

6.1 Overview 

The breadth of the equipment and processes used in industry means that any solution for decarbonising 

industry requires a similarly broad and bespoke range of technologies. The N-ZIP model incorporates a range 

of key technologies to a certain level of detail, with a summary shown in Table 7, however further work is 

possible to improve the cost information included as well as the granularity with which technologies are 

represented. More information is available in the technical Assumptions Log and the N-ZIP model, however 

this section covers some of the key assumptions around the different technologies modelled for industrial 

decarbonisation, including: 

• Details of technology options and some key modelling assumptions. 

• Discussions on two key constraints: when technologies would become available and the pace at 

which the supply chain can support industrial decarbonisation. 

Table 7 Summary of the deep decarbonisation technology options included in the N-ZIP model 

Type of Option 
First Year of 

Technology Availability 
Key Technology Types39 Key Sectors 

 

Electrification 

2023 - Electric Boilers 

Late 2020s – Furnaces, 

Kilns, etc. 

Electric Boilers 

Electric Kilns, Furnaces, 

Ovens, Dryers, Compressors, 

EAF for Iron and Steel 

All Sectors 

 

Hydrogen 

(Green and 

Blue) 

2025 – Hydrogen Boilers 

Late 2020s to Early 

2030s – Furnaces, Kilns, 

etc. 

Hydrogen Boilers/CHP, 

Hydrogen Kilns, Ovens, 

Furnaces, Dryers, 

Compressors, 

Hydrogen Direct Reduction 

All Sectors 

 

CCS 

Early to Late 2020s – 

1st Gen Techs 

(Amines/Blends) 

Ealy 2030s – 2nd Gen 

Techs (Calcium Looping) 

1st/2nd Gen CCS on: 

Internal Fuel Combustion40, 

Large equipment/sources, 

Process Emissions 

Refining, 

Chemicals, Cement, 

Iron and Steel 

 

BECCS 

Late 2020s – 1st Gen 

Techs (Amines/Blends) 

Ealy 2030s – 2nd Gen 

Techs (Calcium Looping) 

CCS on existing biogenic 

emissions, 

Fuel switching to Biomass 

combined with CCS. 

Waste Processing, 

Cement, Lime, 

Glass, Paper, 

 

Methane 

Management 
Early 2020s 

Leak Detection and Repair 

(LDAR), 

Continuous Monitoring, 

Flaring Reduction 

Fossil Fuel 

Production, 

Fugitive Emissions, 

Iron and Steel, 

 

 
39 Key technology types shown here are a summary of technology types included in the N-ZIP model, many of which are 
sector specific. 
40 Internal fossil fuels are generated from process feedstock, such as crude oil in refining, and then combusted to drive 
processes on site. 
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6.2 Data Sources for Technology Costs 

To a large extent, the technology costs, suitability and dates of availability included in the N-ZIP model are 

derived from previous publicly available work conducted by Element Energy for the CCC and BEIS, bringing 

together these pieces of work into a coherent modelling framework covering the whole of ‘industry’, including 

fossil fuel production, fugitive emissions and waste incineration. In places where gaps existed or more up to 

date information was available, these were filled using publicly available information. These assumptions, 

particularly around the first years of technology availability, were validated through engagement with industrial 

stakeholders throughout the project. 

When considering these it is important to acknowledge the significant uncertainty that surrounds the 

technical and economic characteristics of all fuel-switching technologies, most which have not yet been 

demonstrated in their operational environment. It is expected that over the course of the coming years, this 

uncertainty will be reduced as technology development progresses, and costs within the N-ZIP model can be 

updated going forward. 

Within the N-ZIP model, an optimism bias setting was implemented to account for the potential for undershoot 

in the early estimates of the capital costs for these technologies, taking into account some of the costs which 

might have been excluded from the scopes of cost estimates or underestimated. For the majority of the CCC 

scenario analysis this was set to a 66% increase in technology capital costs, with the exception of the Tailwinds 

scenario, where this was set to 0%41. This is a significant inclusion and the 66% likely represents an upper 

bound, so it is useful to note that despite this the results from the CCC scenarios (section 7) still show a 

relatively fast decarbonisation of industry. 

6.3 Technology options - assumptions 

6.3.1 Fuel switching 

This project primarily focused on electrification and hydrogen fuel switching as potential substitutes to 

fossil fuels. Both ‘green’ and ‘blue’ hydrogen42 are considered to be part of the potential future energy mix, with 

industrial sites able to select either type of hydrogen supply depending on which is the lowest-cost option (see 

discussion on fuel costs in section 7.1). 

It should also be noted that, when switching to hydrogen, the N-ZIP model currently assumes all fossil-fuelled 

appliances would be suitable for retrofitting. This eliminates the need to calculate costs associated with both 

new appliances and retrofits. In contrast, electric appliances were treated as new builds with the added cost 

of scrappage if applied before the end of the counterfactual lifetime. A discussion of retrofitting industrial natural 

gas appliances to hydrogen can be found in previous work by Element Energy, Advisian, and Cardiff 

University.43 

Switching to bioenergy was primarily assessed for sectors already utilising significant amounts of 

bioenergy,44 which contain processes that burn bioenergy feedstocks directly or waste-derived fuels with 

biomass mixed in (e.g. municipal solid waste at energy from waste facilities). This approach follows the 

recommendation by the Climate Change Committee,45 who only consider use of bioenergy in industry as an 

effective long-term option when in combination with CCUS (i.e. bioenergy CCS, or BECCS) or for sites where 

bioenergy is already in use. 

 
41 Derived from HM Treasury, Supplementary Green Book Guidance – Optimism Bias. 
42 See Note on Terminology at start of report for definitions of green and blue hydrogen. 
43 Element Energy, Advisian, & Cardiff University. (2019). Hy4Heat WP6: Conversion of Industrial Heating Equipment to 
Hydrogen. https://www.hy4heat.info/reports.  
44 Cement, Lime, Paper and Waste Processing sectors. 
45 Committee on Climate Change. (2018). Reducing UK emissions: 2018 Progress Report to Parliament. 
https://www.theccc.org.uk/wp-content/uploads/2018/06/CCC-2018-Progress-Report-to-Parliament.pdf  
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6.3.2 CCS and BECCS 

A range of technologies exist to capture CO2 from flue gas streams, differing in technical and commercial 

maturity, energy requirements, and costs.46 The most commonly deployed carbon capture technology uses 

amine scrubbing, in which CO2-containing gas passes through vessels of amino compounds which are capable 

of absorbing CO2. For this project, the following carbon capture technologies were integrated into the analysis: 

• Currently available carbon capture technologies - first-generation amines were selected as incumbent 

carbon capture technology  

• Future carbon capture technology options – this was modelled as calcium looping technology 

considering its potential to be the lowest-cost technology across the majority of sectors47 

In this study, all CCS technologies were modelled as retrofits, as it’s assumed the majority of industrial sites 

would likely select this implementation option to maintain their upstream operations without the need for 

substantial production process changes. The complete set of assumptions underpinning the analysis of CCS 

is reported in the project’s Assumptions Log, but some of the key factors with a significant impact on the cost 

of capture include: 

• The CO2 concentration in the gas stream, which is highly dependent on the emission source. 

Specifically, it is easier and cheaper to capture CO2 when it is not excessively diluted (the limiting case is 

that where atmospheric CO2 is captured). 

• The capture rate, i.e. the proportion of CO2 contained in the incoming gas stream which is captured. This 

also affects the abatement potential; a capture rate of 95% is assumed for the Balanced, Headwinds and 

Engagement scenarios, with captures rates up to 99% available in the Innovation and Tailwinds 

scenarios. 

• The energy source used to meet the significant heat demand from the capture process, assumed to be 

low-carbon hydrogen, rather than natural gas, so as to enable the maximum emissions abatement. 

• The absolute emission level, which determines economies of scale. 

• The pressure to which the captured CO2 must be compressed before it is transported. It is assumed 

the CO2 is always captured at atmospheric pressure (0.11 MPa) and must be compressed to 10 MPa.  

This study has also assessed the potential for negative emissions which could be unlocked by 

combining CCS with bioenergy combustion (known as bioenergy CCS, or BECCS). The processes (and 

sectors) determined to be suitable for fuel switching to biomass and BECCS included: 

• Boilers and CHP (Paper sector) 

• Furnaces (Glass sector) 

• Kilns (Cement and Lime sectors) 

• Other existing biomass-fuelled processes (Cement, Lime, Food & Drink, Other Chemicals, Other 

Industry, Paper, and Waste Processing sectors) 

The CCC recognises that the amount of biomass used by the UK should be constrained by the supply of low-

carbon sustainable feedstocks. For this reason, the model incorporates a constraint on total biomass 

availability (including wastes) for industry, taken from the CCC’s internal sixth carbon budget biomass 

supply allocations. These allocations vary by scenario and contain the annual UK-wide limit on industry’s 

biomass supply in TWh/yr.  

6.3.3 Iron & steel and fossil fuel production 

Given the Iron and Steel sector’s significant contribution to the overall emissions of UK industry (10% of total), 

the sector was analysed in greater detail for its technology adoption. Globally, primary iron production has 

 
46 A thorough review of all capture technologies can be found in Element Energy, Carbon Counts, PSE, Imperial College, 
& University of Sheffield’s Demonstrating CO2 capture in the UK cement, chemicals, iron and steel and oil refining 
sectors by 2025: A Techno-Economic Study (2014) 
47 Exception: advanced amines or blends was selected for modelling Refinery Process emissions 
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the potential for a number of innovative technologies to replace incumbent routes. Currently, UK primary 

iron production is blast furnace based, and substitution of hydrogen would be limited to a very low percentage 

of demand. However, in the future, alternative processes include: 

• Coal-based processes, such as HISarna48, which could be compatible with a higher share of fuel 

substitution and combined with CCS/BECCS for greater emissions reductions. 

• Direction reduction of iron (DRI) processes, such as HYBRIT49, which could utilise 100% low-carbon 

hydrogen as fuel and reductant. 

• Replacement of existing plants with secondary production (steel made from a 100% scrap metal 

feedstock) utilising electric arc furnaces (EAFs). 

The five CCC scenarios all differ in their adoption of the three proposed options outlined above, with greater 

detail provided in the project’s Assumptions Log. 

In the UK, industrial emissions from fossil fuel production and fugitive emissions (FFPFE) are also of particular 

importance. Previous work by Element Energy and the Imperial College Consultants / The Sustainable Gas 

Institute explored the potential for reducing emissions in FFPFE sectors and processes.50 The outputs of this 

work included baseline emissions estimates, abatement technology potential, costs and potential technology 

deployment rates, which were used to inform recommendations in the CCC’s Net Zero reports. This project 

has taken the results of the previous FFPFE work and integrated them into the modelling for the FFPFE sectors 

defined. 

6.4 Constraints on technology availability 

In assessing the first year of technology availability, the model considers the commercialisation 

timescales along with policy and implementation delays set for earlier years. This decision-making 

process is shown in Figure 16. Policy delay impacts the first year in which a site may install a technology and 

therefore the first year in which a technology is available to abate emissions. The base settings for all 

technologies are 2022 (Year of Policy Availability) and 3 years (Time for Implementation), meaning the earliest 

deep decarbonisation technologies could be applied in 202551. 

 

Figure 16 Assumptions informing an abatement technology’s first year of availability. 

The full set of assumptions surrounding each abatement option’s year of technology availability can be found 

in the project’s Assumptions Log. However, it is worth mentioning a few key trends here: 

 
48 https://www.tatasteeleurope.com/ts/sustainability/carbon-neutral-steel 
49 https://www.hybritdevelopment.com/steel-making-today-and-tomorrow 
50 Assessment of Options to Reduce Emissions from Fossil Fuel Production and Fugitive Emissions (2019): 
https://www.theccc.org.uk/publication/assessment-of-options-to-reduce-emissions-from-fossil-fuel-production-and-
fugitive-emissions/ 
51 There is an exception to this for a small subset of technologies which are currently available and potentially 
commercially viable. 
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• The maturity and technology readiness level (TRL) of electrification technologies is generally 

higher than that of hydrogen technologies for low temperature heat. Accordingly, the estimated 

date of first deployment of electrification technologies generally occurs earlier than that of hydrogen 

technologies. 

• For higher temperature heat applications, electrification and hydrogen generally have similar 

technology readiness, with similar years of availability estimated. However due to similarity to the 

incumbent largely gas fired heating, hydrogen technologies could have fewer barriers in development, 

for example from the relative ease of piloting or testing hydrogen combustion on existing facilities. 

• Hydrogen technologies are limited in their adoption by access to hydrogen supply 

infrastructure, even for the high TRL hydrogen technologies which may become available in the next 

10 years. This is location-dependent, see section 5.1.3 for more information. 

• Regardless of the exact year in which each technology is first deployed, it is worth noting that all fuel-

switching technologies are expected to become available at the required scale by the early 

2030s. This expectation is conditional on the implementation of suitable policies and economic 

incentives to support development and commercialisation of the technologies. 

• Carbon capture technologies are at various TRLs across applications, which are dependent on 

the integration of technologies in specific industrial sectors. For this project, first-generation CO2 

capture technology’s years of technology availability are between 2025 and 2030, whereas second 

generation technologies are assumed to become available between 2028 and 2035. 

• There is an exception to the policy and implementation base case settings for gas monitoring, 

leak detection and repair (LDAR), and continuous monitoring abatement options for methane leakage 

and flaring in the FFPFE sectors. Given their readiness for deployment, these technologies were set 

to 2020 (Year of Policy Availability) and 1 year (Time for Implementation). 

6.5 Technology Learning and Innovation Seeds 

Due to the low technology readiness levels and maturity of many of the technologies involved in industrial 

decarbonisation, there is potential for cost reductions as time progresses and as the technologies develop. 

Within the N-ZIP model this is represented by ‘learning by doing’, where the installation of a technology 

influences the cost reductions of that same technology in the future. This is done through technologies 

progressing through a timeline from when the first of a kind (FOAK) installations are installed, through to when 

second of a kind (SOAK) and Nth of a kind (NOAK) installations are implemented52. 

The cost reductions associated with ‘learning by doing’ are represented in two ways, through a reduction in 

the cost of capital53 and a reduction in the capex and non-fuel opex of decarbonisation technologies. The 

values of these are given below54: 

• FOAK: Cost of Capital: 12%, Costs as a % of FOAK: 100%. 

• SOAK: Cost of Capital: 11%, Costs as a % of FOAK: 90%. 

• NOAK: Cost of Capital: 10%, Costs as a % of FOAK: 80%. 

 

As part of this ‘learning by doing’ process, ‘innovation seed’ sites were included as a way to stimulate and 

simulate technology learning. These are sites which are forced to decarbonise early with a specified 

technology, which begins the ‘learning by doing’ process and cost reduction for that technology. This was done 

 
52 For most technologies in the model, this timeline is set at 5 years before cost reductions associated with SOAK are 
achieved and 10 years before cost savings associated with NOAK are achieved. The timeline begins at the earliest year 
of when a technology was first installed in the UK in the previous iteration of the pathway or five years after the first year 
of availability (representing the filtering of learnings into the UK through global nature of industry). 
53 Cost of capital represents the hurdle rate for the minimum rate of return on an investment, used in the N-ZIP model to 
calculate the NPV of abatement technologies’ capital expenditure. 
54 The N-ZIP model contains the functionality to adjust the cost as a % of FOAK value for each technology, however the 
large majority of technologies were left at the default values shown here, with a few adjustments for CCS technologies. 
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through the mechanism within N-ZIP to force sites to adopt specific technology options at a specific point in 

time55. The set of innovation seed sites and technologies used varied for the different CCC scenarios. 

6.6 Supply chain constraints 

Preliminary modelling results suggested that supply-chain constraints could be an important factor impacting 

the speed of industrial decarbonisation. However, the potential capacity of the supply chain for rapid 

implementation of low carbon technologies and infrastructure was a key area of uncertainty. Supply of 

equipment, components, skills & labour, and capital would need to ramp up quickly from current levels to meet 

demand for industrial decarbonisation. To provide a clear quantitative input regarding these constraints and 

gather further information on justifying or updating the model’s supply-chain constraint, three specific areas 

impacting the supply chain were explored: 

• Amount of skilled labour 

• Supply of technologies/market growth 

• Availability of capital/finance 

The pace of supply chain ramp-up was explored via a dedicated consultation with suppliers, engineering firms 

and financiers. This involved reviewing the initial assumption that overall supply chain capacity would be limited 

to abatement of around 5% of annual baseline emissions for a given sector, or abatement of the closest 

number of single sites, increasing to 10% in 2030.56 The key responses from the consultation were that: 

• 5-10% of abatement per year per sector is reasonable, but pace is uncertain and will rely on business 

models being available to provide greater certainty to the supply chain to justify ramp up (which could 

take approximately 5 years from FOAK plants). 

• Supply of components will grow in response to increased demand, but there is likely to be competition 

for local labour, especially for large infrastructure projects.  

• A deeper assessment of the availability of specific skills and components is needed.  

• Capital is unlikely to be a limiting factor, but different rates will apply for FOAK, SOAK and NOAK 

projects.  

Thus, the initial assumption was refined based on stakeholder feedback and its impact on the different CCC 

scenarios. The final constraints incorporated into the modelling are shown in Figure 17. 

 

Figure 17 Ramp-up in supply chain capacity between 2020 and 2050 for the CCC scenarios 

 
55 Provided it is compatible with the other constraints in place in the N-ZIP model. 
56 Using a different line of thought, a 10% per year emissions abatement constraint would allow for an entire industrial 
sector to decarbonise within 10 years in the absence of any further constraints. 
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Table 8 highlights some of the detailed responses from the supply chain consultation. These points 

demonstrate the need for additional work in assessing and resolving some of the key bottlenecks impacting 

the industrial decarbonisation supply chain in the coming 3 decades. 

Table 8 Responses from the consultation on industrial decarbonisation supply chain constraints 

 

Amount of  

skilled labour 

• Consideration of the shortage of electrical engineers. 

• High potential for shift from oil and gas industry to other large infrastructure 

projects. 

• Local labour may be constrained but capacity could also come from abroad. 

• Phased approach to deployment would enable skills ramp-up. 

• Further analysis of skills gaps is needed. 

 

Supply of technologies 

/ market growth 

• Transformers and electrodes are already a bottleneck for electric boilers 

and furnaces. 

• Limited number of suppliers and new entrants would have a couple of years 

delay to market entry. 

• Further development needed in gas monitoring for hydrogen and CCS. 

 

Availability of  

capital / finance 

• If the right business models are in place, there ultimately would be no 

constraint on capital. 

• High level of “bespokeness” for industry projects so interest rates will differ 

depending on experience (FOAK, SOAK, NOAK) – this might have the 

effect of limiting capacity to 1 large project per year in the initial years. 

• Industry clusters may rely on government-backed capital in the short-to-

medium term. 

• Lengthy project delivery times could be a constraining factor to securing 

investments. 
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7 Deep-decarbonisation Pathways and Sensitivities 

7.1 Overview of CCC Scenarios 

As part of the CCC’s economy-wide sixth carbon budget analysis, five scenarios were defined, with each 

representing a credible future scenario for economy-wide net zero by 2050. The N-ZIP model was set up to 

assess the decarbonisation pathway within each of these scenarios. Broadly, these scenarios are: 

• Widespread Engagement (high efficiency and electrification): People are willing to make more 

changes to their behaviour. This reduces the demand for the most high-carbon activities and increases 

the uptake of some climate mitigation measures. 

• Headwinds (high hydrogen): People change their behaviour and new technologies develop, but there 

are no widespread behavioural shifts or innovations that significantly reduce the cost of green 

technologies ahead of current projections. This scenario is more reliant on the use of large-scale 

hydrogen and CCS infrastructure. 

• Widespread Innovation: This scenario sees high innovation in several carbon mitigation technologies 

and measures. Costs fall faster than central projections, allowing more widespread electrification and 

more cost-effective technologies to remove CO2 from the atmosphere. Resource and energy efficiency 

measures play a balanced role across the economy. 

• Tailwinds: A scenario with a combination of accelerated deep decarbonisation drivers from each of 

the 3 broad scenarios defined above. 

• Balanced Net Zero Pathway: An ‘options-open’ pathway that undertakes low-regret measures and 

develops options sufficiently to progress towards net zero whatever state of the world occurs. The 

pathway includes a balanced mix of technologies in the long term, which enables decision-making to 

change track depending on developments in the short-to-medium term. 

The model incorporates several changes to its operating parameters depending on the selected scenario, 

including fuel costs, the potential conversion of the gas grid to hydrogen, and the constraints on biomass use 

and on the supply chain. The full list of parameter settings varying between scenarios can be found in the 

project’s Assumptions Log.  

7.1.1 Fuel Costs 

One of the key parameters impacting the site decision-making are the input fuel costs, which 

significantly impact the NPV calculations between different abatement categories (i.e. electricity versus green 

hydrogen cost). In previous work by Element Energy informing the CCC’s 2019 Net Zero report,57 fuel costs 

for hydrogen were set at 4.9 p/kWh (assumed to be almost static to 2050) and for electricity were set at 11 

p/kWh in 2019, reducing to 8 p/kWh in 2050. These contrast with the fuel costs used in this study’s Balanced 

scenario, which are shown in Figure 18 (i.e. greater green hydrogen cost throughout all years, greater blue 

hydrogen cost in earlier years and significantly lower electricity cost throughout all years58). These costs play 

a significant influence on the relative attractiveness between hydrogen and electricity fuel switching. 

All fuel costs input to this project’s model are based on long run variable costs (LRVCs), rather than 

the retail price paid by industrial sites. The LRVCs exclude supplier costs, supplier profits and additional 

costs from lower carbon policies (e.g. carbon price, climate change levy, etc.), and are used to assess the 

system cost of pathways in a technology-neutral manner. The LRVCs used in this analysis are based on 

analysis by the CCC and this project’s analysis of CO2 T&S and hydrogen infrastructure, and are consistent 

with the CCC’s sixth carbon budget work in other economy sectors. It is important to note therefore that the 

costs included in this analysis are not representative of the prices which industrial sites currently expect to pay 

 
57 Extension to Fuel Switching Engagement Study – Deep decarbonisation of UK industries (2019)  
58 Biomass costs are also significantly lower, at 2.3 p/kWh in this work in contrast to the 5p/kWh assumed in the previous 
study. 
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for these fuels in the present or future – with policy change/support likely required to move from today's pricing 

closer to these costs. 

For the fuel costs in Figure 18 (all fuels in the Balanced scenario) and Figure 20 (green hydrogen and electricity 

in all scenarios), the following points should be noted: 

• Costs for combustion fuels (hydrogen, biomass, gas, coal, oil) are on an LHV basis. 

• Green and blue hydrogen costs shown are the average across all production points (i.e. cost of 

centralised hydrogen in clusters), with the additional transport costs to transport hydrogen to the site 

added separately as capital/operational costs in the model’s NPV calculation.  

• Electricity costs shown (solid line) are the cost to deliver electricity to industrial customers (LRVC), 

with additional site-level network reinforcement costs added separately as a capital cost in the model’s 

NPV calculation. An additional electricity cost (dashed line) is provided as reference for electricity costs 

without the network cost components (i.e. transmission, distribution, balancing) included. 

 

Figure 18 Fuel costs in the Balanced scenario. 

A fuel cost component breakdown between green hydrogen and electricity in the Balanced scenario is shown 

in Figure 19, with the addition of the network cost for a converted gas grid to hydrogen included (~1.0 p/kWh). 

With the network cost added, the cost of green hydrogen is 34% greater than electricity in 2050. This figure 

may change when considering sites which have their hydrogen supplied via trucking or dedicated pipelines 

instead of via a converted gas grid. It is also worth restating that the cost of green hydrogen shown in this 

figure is on an LHV basis. 
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Figure 19 Comparison of green hydrogen and electricity costs in the Balanced scenario 

 

 

Figure 20 Green hydrogen and electricity fuel costs in the different CCC scenarios.59 

 
59 The Engagement scenario follows closely to the Balanced/Headwinds fuel cost trajectory, with Engagement’s 
electricity costs ranging between 1-6% lower than Balanced between 2037 and 2050. 

1541  



 Deep-Decarbonisation Pathways for UK Industry 
Final Report  

 

36 
 

 

7.1.2 Scenario Assumptions 

It should be noted that the scope and type of industrial activity (sectors, processes, site locations) is 

assumed to remain consistent over the timeline of interest (i.e. to 2050).60 It is acknowledged that this 

assumption may not hold in practice, especially in light of the current industrial downturn caused by the COVID-

19 pandemic. This assumption applies across all scenarios and was made to isolate the impacts of each 

decarbonisation option while avoiding the inclusion of uncertain assumptions in the analysis (i.e. future 

evolution of industrial activity in the UK).  

Furthermore, this analysis assumes that neither the industrial products nor their manufacturing 

processes change over the 2020-2050 period (although resource and energy efficiency improvements are 

assumed, refer back to section 4.4 for further details). For this reason, counterfactual technologies are 

assumed to remain static, with regular replacement cycles until 2050. Given their highly uncertain nature, 

breakthrough technologies that may impact existing industrial production processes were left out of scope (e.g. 

solar-heated reactors for energy intensive industries61). 

The carbon value used in each scenario is another key driver of the pace and depth of emissions 

reductions for each scenario. All scenarios except Tailwinds use BEIS’ Green Book non-traded (high) carbon 

values62, which reach a final value of £346/tCO2 in 2050. The Tailwinds scenario uses a CCC carbon value 

path of £450/tCO2 in 2050, discounted backwards by 3.5%. The evolution of each carbon value over the time 

period of this study are shown in Figure 21. 

  

Figure 21 Carbon values used in this study. 

7.2 Results 

7.2.1 Emissions Reductions to 2050 

The first finding of this study is that remaining emissions from UK industry decrease by over 95% below 

2018 levels (110.9 MtCO2e) by 2050 in all deep decarbonisation scenarios, reaching 3.9 MtCO2e in the 

Balanced scenario and 3.3 to 4.8 MtCO2e across the other scenarios. The deep decarbonisation potential of 

all scenarios is first of all explained by the fact that nearly all emissions were assigned at least one suitable 

 
60 Note this does not imply baseline emissions remain constant. In addition, site closures and REEE measures are taken 
into consideration in all pathways. Refer to sections 4.3 and 4.4 for more detail. 
61 Trial projects (e.g. SOLPART) and start-ups (e.g. Heliogen) are investigating high temperature (800-1000°C) solar 
processes suitable for reactive particle thermal treatment in energy intensive industries, such as cement, lime, 
phosphate, mining, petrochemicals and waste treatment. 
62 https://www.gov.uk/government/publications/valuation-of-energy-use-and-greenhouse-gas-emissions-for-appraisal 
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abatement technology. Second, despite the differences between scenarios, the target-driven carbon value was 

sufficiently high to make it target-consistent for sites to adopt higher cost abatement options.  

The results of each scenario are shown in Figure 22 Emissions abatement pathway for each of the CCC 

scenarios., breaking down emissions reductions by REEE measures and deep decarbonisation abatement, 

with the abatement in 2050 assigned to each shown on the right hand side of each plot. It is worth noting 

cumulative abatement values above the plots do not include REEE reductions, referring to the abatement from 

deep decarbonisation technologies. Cumulative abatement is affected by the level of abatement in 2050, the 

speed of abatement and the scale of emissions remaining after REEE measures are applied. For instance, 

fast abatement is driven by the higher carbon value and the lower level of ‘optimism bias’ accounts for the 

higher level of cumulative abatement in Tailwinds. Conversely, greater REEE reductions account for the lower 

cumulative emissions abatement from ‘deep decarbonisation’ in the Engagement scenario. 

The speed of the abatement is also worth noting – many sectors are constrained in their early years not by 

the economics of the decarbonisation but by the supply chain constraint and how much of the sector is able to 

decarbonise in a given year. The NPV assessment for many technologies are positive in the early years given 

a carbon value between £104 - 112/tCO2e from 2020 to 2030. This means the pace of decarbonisation is 

controlled by the supply chain constraint, which accounts for the similar shapes of the abatement curves as 

the supply chain constraint only differs a small amount by scenario (refer back to section 6.6 for more detail). 

This speed is worth contrasting to the previous analysis conducted to inform the CCC’s 2019 Net Zero report, 

where the roll out scenarios varied from 20 years in the fast scenario to 38 years in the slow scenario.63 Despite 

increased costs of technologies to account for potential optimism bias, the target consistent carbon values 

included in the modelling here largely drive a roll out consistent or exceeding the previous fast scenario, even 

accounting for additional costs from the equipment scrappage potentially associated with a faster roll out. 

 

 
63 Element Energy, Extension to Fuel Switching Engagement Study – Deep decarbonisation of UK industries (2019) 
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Figure 22 Emissions abatement pathway for each of the CCC scenarios.64 

 

 

 

 
64 Cumulative abatement values above the plots do not include REEE reductions, referring only to the abatement from 
deep decarbonisation technologies. 
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7.2.2 Remaining Emissions 

In all of the five scenarios, there are emissions which remain in 205065. The level of this ranges from 3.3 

MtCO2e in the Tailwinds scenario to 4.8 MtCO2e in the Innovation scenario. These represent two types of 

remaining emissions: 

• Processes with no abatement applied – these are processes on sites which have not had any abatement 

applied to them, either because the abatement is too expensive to achieve a positive NPV, or because 

there were no options identified to overcome these. 

• Residual Emissions – these represent the emissions which remain after abatement technologies without 

an 100% abatement rate are applied to a process. These are generally emissions remaining from <100% 

capture rate of CCS technologies, or technologies to abate flaring or other fugitive emissions. 

Figure 23 shows the contribution of these two types of emissions to the remaining emissions in 2050 in the 

Balanced scenario, broken down into the major contributors. 

 

Figure 23 Remaining emission sources in 2050 (Balanced scenario). 

The remaining emissions can also be broken down geographically. Figure 24 shows snapshots of the 

remaining emissions over time for sites within 50km of the UK’s six major industrial clusters in the Balanced 

scenario. Within all clusters, there is significant progress on deep decarbonisation by 2035, with the largest 

emissions reductions between 2025 and 2035. In this period, 54% of cumulative direct emissions abatement 

occurs across all cluster points (as defined by the 50km radius), with remaining abatement occurring at 

dispersed sites.  This fast reduction in cluster emissions between 2025 and 2035 contrasts with the wider 

industry figure shown in Figure 22 Emissions abatement pathway for each of the CCC scenarios., where a 

larger portion of the decarbonisation is implemented after 2035. This illustrates the relative ease of 

decarbonising sites within clusters compared to more dispersed sites, and suggests action in 2025-2035 on 

all industrial clusters might be the NPV optimal approach. 

Figure 25 shows the trajectory of remaining emissions split out by the UK’s devolved administrations, as well 

as offshore oil and gas platforms. In all decades, actions are required within each devolved administration to 

deploy deep decarbonisation technologies and infrastructure in order to meet the required UK-wide abatement 

levels necessary for net zero industry by 2050. It is also worth mentioning again that a large proportion of the  

emissions reduction from offshore platforms are allocated to reduced production of and demand for petroleum 

products66. 

 

 
65 Negative emissions are also present, these are described in section 7.2.5. 
66 If emissions did not decrease due to this reduced demand, it would likely be possible to apply deep decarbonisation 
technologies on a large proportion of these emissions 
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Figure 24 Remaining emissions at sites within a 50km radius of the UK’s six major industrial clusters 
(Balanced scenario).67 

 

Figure 25 Remaining emissions by devolved administration and offshore sites.68 

 
67 Emissions at the Humberside cluster refer to the sum of emissions from the previously defined Humberside (terminal) 
and Humberside (in-land) defined points in Figure 12. This also excludes negative emissions present from industry in 
some clusters. 
68 Excludes emissions from NRMM (emissions were not assigned devolved administrations) and a single waste 
processing site on the Isle of Man. 
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7.2.3 Technology Type 

The decarbonisation pathways from the scenarios show a number of different attributes when the deep 

decarbonisation is broken down by technology types, as shown in Figure 26.  

• Resource efficiency and energy efficiency (REEE) levels vary between the scenarios - the 

Engagement scenario contains the highest level of emissions abatement from efficiencies, with the 

Headwinds scenarios containing less. 

• CCS has a relatively consistent baseline of emissions reductions across the scenarios, 

remaining a key technology for industrial decarbonisation – no scenario has less than 13 MtCO2e of 

emissions reductions from CCS. This is because CCS technologies are likely the only option for 

decarbonising process emissions of CO2, internal fuel use, and waste incineration. The Headwinds 

scenario has a larger proportion of CCS use, both from CCS being advantaged through increased 

focus on infrastructure, as well as having to decarbonise the larger remaining emissions after REEE 

reductions are applied. Additionally, CCS is key for the production of a large amount of blue hydrogen 

in many scenarios. 

• BECCS is viewed as favourable for sites – due to the potential for negative emissions from capturing 

biomass combustion emissions, switching fuels to biomass and applying CCS is generally chosen as 

the first choice of technologies where it is deemed a suitable technology and if there is sufficient 

biomass resource. In addition, where biomass is currently used as a combustion fuel (not included in 

these emissions plots due to biogenic emissions), CCS is applied to these processes, providing 

additional negative emissions.  

• There is a role for both electrification and hydrogen in all scenarios, though the relative scale 

of each varies. In some processes, one or the other is heavily favoured (approx. 9-10 MtCO2e of 

emissions reductions each), while for other processes, electrification and hydrogen are reasonably 

competitive with each other, with the technologies chosen varying by scenario (another approx. 10-12 

MtCO2e). CCUS also competes on a minor level for some of these emissions, however its use in this 

sense is limited to the larger sites. It should be noted that within this modelling, the projected cost 

reductions of fuels (largely electricity and green hydrogen) are clear to sites/decision makers, and are 

fully included in the NPV calculations.  

• Blue and green hydrogen remain closely matched – there is no clear winner between blue and 

green hydrogen across the different scenarios, with each dominating the hydrogen demand in two of 

the five scenarios. However, as cost reductions over a long time horizon are fully included in the NPV 

calculations, the fully green hydrogen scenarios are likely to be unrealistic. This is because at the time 

of decision-making, it is unlikely that industrial sites’ decision makers will have certainty and/or 

confidence in projecting the cost reductions of green hydrogen into the future. Additionally, when a 

site decarbonises, it chooses either green or blue if choosing a hydrogen option, sticking with that 

hydrogen supply up to 2050. In reality, supply arrangements are likely to be more flexible, with sites 

likely reticent to remain tied into long term contracts of decades, meaning the blue vs. green hydrogen 

supply might change more in the later years of these scenarios.  

• Cost-competitiveness between green hydrogen and electrification are influenced by a number 

of factors. Green hydrogen becomes favoured for many large sites near to centralised hydrogen 

production points which can take advantage of the lower-cost dedicated pipeline networks to industrial 

users. In later years (i.e. 2035 to 2050), small and medium sized sites may also select green hydrogen, 

supplied at low cost via a converted gas grid. Electrification offers opportunities for earlier abatement 

across a range of processes at dispersed industrial sites, which may be able to take advantage of 

existing electricity network capacities without the need for added network reinforcement costs (refer 

to section 5.3 for further detail). 
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Figure 26 Emissions abatement pathway for each of the five CCC scenarios69 

These technology categories can be split further by sector and by timing to understand the potential for 

sequencing interventions and sectoral decarbonisation, shown below for the Balanced scenario in Figure 27. 

Key points to note here include: 

• Electrification of industry begins quickly with some relatively easy wins progressing to abate 

10.5 to 23.1 MtCO2e/year by 2050 across scenarios. These easy wins (given the carbon value 

used) come from sectors with significant amount of low temperature heat, such as the food and drink 

 
69 Cumulative abatement values above the plots do not include REEE reductions. Emissions abatement via BECCS 
excludes negative emissions. Numbers shown on the right-hand side of each plot refer to 2050 values. 
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industry, where heat electrification is already proven and relatively widespread globally. In the early 

2030s, there is a large demand for electrification in the chemicals sector as well as from uptake of 

electric arc furnace technologies in the iron and steel sector. The vast majority of the uptake of 

electrification is completed by 2040, meaning there is potentially room for greater deployment of 

electrification if technology progresses further or if progress in other technology options is lower than 

expected. In scenarios with increased electrification demand (i.e. Engagement), uptake is increased 

in areas away from clusters, as hydrogen fuel switching is less attractive in those areas with a lower 

focus on infrastructure in the Engagement scenario. In scenarios with lower portions of electrification 

(i.e. Headwinds), this primarily results from reduced demand in primary iron production, off-road 

machinery and in indirect heating. 

• Uptake of carbon capture technologies in industry begins fast, growing to abate 13.7 to 26.5 

MtCO2e/year by 2050. Early uptake is focused in industrial clusters around some relatively easy 

wins in the Refining and Ammonia sector. Between 2030 and 2040 uptake grows from clusters 

through expansion of demand into other sectors and areas, with notable additions being the addition 

of CCS technology on primary iron production, as well as expansion of CCS outside of the shoreline 

clusters to dispersed cement sites. After 2040 much of the uptake comes from the waste processing 

sector applying CCS on energy from waste incinerators, a rare sector where emissions grow from 

2020 to 2050 even when accounting for resource and energy efficiencies. In scenarios where there 

is lower CCS demand, this is mostly accounted for from lower demand for CCS in waste 

incinerators, as the other applications of CCS are either highly favoured over other options (large 

processes in clusters) or likely the only option (process CO2 emissions). In scenarios with higher 

CCS demand, this is from increased CCS demand in primary iron and steel, increased activity in 

waste incineration and increased activity in other sectors from lower REEE abatement. 

• BECCS abates between 2.2 and 3.3 MtCO2e/year by 2050, not accounting for the negative 

emissions accrued. This emissions abatement comes from fuel switching industries to biomass, 

and is concentrated in the Cement, Glass and Paper sectors (see section 6.3.2 for more information 

on suitability), remaining consistent across many of the scenarios. 

• Hydrogen fuel switching abates between 8.9 and 18.7 MtCO2e/year by 2050. Before 2025, the 

hydrogen demand comes solely from the off-road mobile machinery sector, where fuel cell forklifts 

are well established in the US70. Hydrogen is then taken up to provide heat in large industrial sites 

near to clusters, particularly in relatively simple applications such as large boilers. From 2030 to 

2050, hydrogen continues to be deployed in these applications in sites further from the centre of 

clusters, while also adding increased demand from direct heating in kilns, furnaces and dryers. 

Additionally, hydrogen is also used to provide heat to sites operating CCS solutions, adding to the 

overall hydrogen demand beyond this graphic. Within the scenarios with lower hydrogen demand, 

hydrogen uptake is reduced outside of clusters and in the indirect heating applications, and 

eliminated in the off-road machinery sector. In scenarios with increased hydrogen demand, this 

mostly comes from expansion of hydrogen demand at the expense of electrification in similar 

applications but on less favourable sites (either smaller sites or further from clusters), with increased 

demand from direct reduction in iron and steel also present in some scenarios. 

 

  

 
70 State of the States: Fuel Cells in America 2017, US DoE 2018 
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Figure 27 Direct emissions abated by technology type, split by industrial sector (Balanced 

scenario).71 

Abatement of indirect and direct heating emissions occurs through a combination of electric and 

hydrogen technologies. Current assumptions suggest most conventional heat generation technologies can 

be abated through either hydrogen fuel-switching or electrification abatement technologies. Although 

 
71 “Methane Management” abatement technologies (e.g. gas recovery/LDAR) are excluded from these figures. Hydrogen 
includes emissions abated by both blue and green hydrogen. 
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electrification options may be available earlier, in the long-term there is thought to be no clear technology 

preference with both options used to abate the same types of processes at different sites within each sector. 

Different scenarios show a preference for hydrogen or electrification, however this is not as strong a preference 

as to fully eliminate all use of hydrogen or electrification in scenarios where it is less favoured. Figure 28 

illustrates that the size of the application is not a significant factor for determining abatement preference with 

hydrogen boilers being selected for both small- and large-scale applications. 

The selection of hydrogen or electric abatement options is partially dependent upon location, illustrated 

for boilers in Figure 28. The availability of hydrogen varies by location with constraints associated with 

hydrogen production and infrastructure deployment meaning availability comes later for dispersed sites. When 

hydrogen is available (via pipeline or trailer), costs of supply tend to increase with distance from the production 

site (located at a defined point). Therefore, sites located further from the defined points tend to favour 

electrification abatement technologies, especially in the earlier years before the modelled conversion of the 

gas grid to hydrogen becomes available/widespread. Similar results are seen for the decarbonisation of CHP, 

however these have an additional slant towards re-electrification of heat and power demand. This is due to the 

increased cost of gas when moving from natural gas to hydrogen (or natural gas with CCS) in comparison to 

the decreasing cost of electricity from low cost renewables. 

BECCS is can be a favourable option where it is allowed for indirect heating, and CCS is applied where 

required. In addition to electrification and hydrogen options, fuel switching to biomass with CCS is an 

alternative abatement route for heat generation for indirect heating currently powered by fossil fuels. The use 

of BECCS is limited by the constraints described in section 6.3.2 but it is seen that when this technology is 

allowed it generally becomes a favourable option, especially on the larger sites in sectors utilising biomass. 

On sites that use high proportions of internally generated fuels72, CCS is also needed. 

 

 

Figure 28 Abatement technology selection for boiler processes (Balanced scenario).73 

  

 
72 Here post combustion CCS is used in the modelling, however it is recognized that pre-combustion capture through 
central pre-reforming to hydrogen is likely an alternative option. 
73 Point sources only. 
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7.2.4 CO2 T&S and Hydrogen Uptake 

CO2 T&S uptake grows steadily from 2025 with demand split across all available storage sites. Figure 

29 shows the uptake of industrial CCS at the defined points, along with the percentage of onshore transport in 

2050 which done via pipeline or trucking74. The initial uptake occurs at Merseyside with CCS applied to process 

emissions at a nearby ammonia plant. The next location to receive T&S demand are similar facilities on 

Teesside. It is worth noting that these uptake rates do not include CO2 from blue hydrogen production (for 

industry or other sectors of the economy) or CO2 demand from other economy sectors (e.g. power) within this 

figure, which could dominate the T&S demand (see Figure 34). 

In the long-term the waste processing sector sees the highest uptake of CCS technology, reflecting the 

large biogenic and non-biogenic CO2 emissions from the sector in later years. Figure 30 shows the capture of 

CO2 from different sectors over time. From 2035 the growth in CO2 T&S demand is dominated by increases in 

CO2 capture from the waste processing sector, including the negative emissions from BECCS. This CO2 

captured from waste is responsible for the majority of the CCS uptake at Southampton and Medway, and is 

sometimes from sites near urban areas dispersed from industrial clusters. 

The supply of captured CO2 from individual CCS installations can reduce over time due to the 

application of REEE measures. In some sectors, application of REEE measures decreases the CO2 

emissions at sites, leading to a decline in the CO2 T&S demand from existing installations. This effect is 

typically balanced by an increase in supply resulting from additional installations of CCS technologies at new 

sites. However, for the refining sector the CO2 supply to storage peaks in 2035 with subsequent decline aligned 

with reductions in production associated with the declining oil demand in the rest of the economy. The cement 

sector also sees a slight decline after 2035.  

 

  

Figure 29 CO2 T&S uptake from industry at defined points (Balanced scenario), excluding CO2 T&S 
demand from hydrogen production for industry.75 

 

 
74 The % of CO2 T&S demand supplied by the trucking option might be overestimated here, as the modelling did not 
consider networking and aggregation of CO2 T&S demand for point sources close to each other. 
75 Humberside includes CCS uptake at both the terminal and in-land trunk pipeline. 
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Figure 30 CO2 T&S uptake by highest demand sectors (Balanced scenario), excluding CO2 T&S 
demand from hydrogen production for industry and other sectors.76 

 

All industrial clusters have significant hydrogen uptake in the late 2020s and early 2030s. The 

geographical and temporal variations in hydrogen demand projected for the Balanced scenario are shown in 

Figure 31. Initial hydrogen uptake is led by Teesside with early hydrogen supply to targeted chemicals sites in 

the region. However, uncertainties in constraints for initial hydrogen deployment should be considered when 

interpreting the early-stage hydrogen demand projections at the cluster level. Shortly afterwards, uptake scales 

up in Peterhead/St. Fergus, Humberside, and Merseyside with long-term demand for hydrogen being greatest 

in Humberside and Merseyside. However, it should be noted that sequencing of industrial clusters was not a 

focus in the modelling, indeed the key takeaway was that development of all clusters early is the optimal option 

in all scenarios. 

Early hydrogen uptake is supplied by dedicated pipelines, suggesting initial hydrogen pipeline build 

out around clusters to industrial point sources. Figure 32 shows the transportation method for supplying 

hydrogen demand over time. It is seen that when grid conversion is not available, hydrogen is initially supplied 

by dedicated pipeline to local sites within clusters but is later also supplied by truck to dispersed sites once the 

carbon value has increased sufficiently enough for this to be economically viable. Once gas grid conversion 

can be implemented at a site then this option generally takes over as the cheapest supply route.77 This grid 

conversion occurs once other sectors such as domestic and power become ready for hydrogen conversion. It 

is worth highlighting that these options are representative. Some areas may be able to convert their gas 

networks to hydrogen more quickly, in which case pipelines supply would not necessarily be via dedicated 

pipelines. 

 

 

 
76 Sectors shown have greater than 0.25 MtCO2/annum captured in 2050. Other sectors with less than this value  
include: Compressor Station, Food & Drink, Gas Terminal, Oil Terminal, Other Chemicals, Other Fuel Production, Other 
industry and Other Minerals. 
77 Exception for the Engagement scenario, which does not include gas grid conversion to hydrogen. 
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Figure 31 Hydrogen uptake in industry at production points (Balanced scenario).78 

 

 

Figure 32 Hydrogen transport method (Balanced scenario). 

Electrification uptake leads to significant infrastructure build out and potential need for electricity grid 

reinforcement and is influenced by availability of hydrogen. As discussed previously, both electricity and 

hydrogen abatement technologies are used to abate emissions from low temperature heat generation, with 

each option favoured in different scenarios. Initial infrastructure constraints for hydrogen supply combined with 

electrification only being constrained by technology availability lead to significant initial uptake of electrification 

pathways for low temperature heat, especially on smaller sites or those further from industrial clusters.  

Initial increases in electricity consumption are driven by low temperature heating in the food & drink, 

other industry, and other chemicals sectors. Electricity is used for both indirect (steam boilers) and direct 

(dryers, ovens etc.) applications in these sectors, with some electrification abatement options being introduced 

in the early 2020s due to existing high levels of technology and commercial readiness. In the Balanced 

scenario, use of electric arc furnaces in primary iron and steel production results in additional electricity 

 
78 Humberside includes hydrogen uptake at both the terminal and in-land production point. 
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demand for this sector, however whether this will be the chosen technology option for the large iron and steel 

producers is relatively uncertain. Electricity demand continues to rise within these sectors up to 2040. Change 

in electricity demand for the top six sectors is shown in Figure 33; the total change in electricity consumption 

across industry reaches 59.9 TWh in 2050. Increases in electricity demand also occur in the oil and gas 

industry, where remote generators are phased out with power instead achieved via grid connection or linking 

to offshore wind with battery storage.  

 

Figure 33 Change in electricity consumption in top six sectors (Balanced scenario).79 

The estimated annual hydrogen and CO2 T&S demands from industry and from different sectors of the whole 

economy CCC analysis are shown for the Balanced scenario in Figure 34. Industry and removals from CCS 

on biomass combustion in the power sector are each a large proportion of the CO2 T&S demand shown. Within 

industry, the modelled proportion of blue hydrogen would add approximately 16 MtCO2 of CO2 T&S demand, 

and assessments of the blue hydrogen required for other economy sectors would result in approximately 84 

MtCO2 of uptake in the Balanced scenario. This shows the potential dominance of hydrogen production as the 

largest user of the CO2 T&S infrastructure in the Balanced scenario, however in other scenarios where green 

hydrogen is dominant the scale of the required CO2 T&S infrastructure reduces significantly. 

 

Figure 34 Annual Hydrogen (left) and CO2 T&S (right) demand in 2050 (Balanced scenario).80 

 
79 Defines change from post-REEE baseline emissions to final consumption after abatement measures applied. 
80 Values for other sectors of the economy besides industry were used as input assumptions and are provisional figures 
that have been used for the purpose of this analysis. As a result, the CCC’s final results will vary from those shown here.  
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7.2.5 Negative Emissions Potential 

Within industry, there is significant potential for negative emissions through the application of CCUS to the 

combustion of biomass. The application of carbon capture to this biomass combustion results in the capture 

of biogenic CO2 emissions, which are then subsequently sequestered underground, generating negative 

emissions. This can be done both through the application of carbon capture to existing biomass usage, which 

is projected to drop in the post-REEE projections from 56 TWh/year in 2020 to 44 TWh/year by 2050, as well 

as integrating some fuel switching to biomass with carbon capture. Fuel switching to biomass (combined with 

carbon capture) was restricted in the modelling to specific sectors (see 6.3.2), with the change in bioenergy 

usage due to deep decarbonisation shown in Figure 35.  

  

Figure 35 Change in bioenergy consumption from post-REEE baseline in top four sectors (Balanced 
scenario).81 

 

Industry generates approximately −10MtCO2e/year of negative emissions by 2050, with the time profile 

included below in Figure 36. Initially this uptake is mostly composed of the negative emissions from fuel 

switching to biomass combined with carbon capture, mostly focused in the cement sector. In the later time 

periods, CCS is applied to the emissions from existing biogenic combustion, which is dominated by the waste 

processing sector. This is where emissions from the waste processing sector are captured from the incineration 

of mixed biogenic and non-biogenic waste, resulting in negative emissions from the capture from the biogenic 

part of the fuel. This provides an opportunity for some of these sectors which have residual emissions from 

<100% capture rate through CCS to reach net zero and beyond through these negative emissions. It is also 

worth noting that the negative emissions from industry as defined in this study become greater than the 

remaining emissions by the mid to late 2040s, meaning industry becomes a net negative sector by 2050. 

 

 
81 Defines change from post-REEE baseline emissions to final consumption after abatement measures applied. 
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Figure 36 Negative emissions potential from BECCS in industry (Balanced scenario)82. 

7.2.6 Costs of abatement 

The annualised cost of abatement technologies are shown in Figure 37 below. Cost increases begin to ramp 
up in 2030, with the pace steadily increasing until 2045, after which the pace slows down to reach a 
final cumulative cost of £120bn up to 2050. The majority of costs across all years are attributed to fuel costs, 
with capital costs constituting the second greatest portion of annualised costs. It is also worth noting that 
operational costs shown here include the CO2 T&S costs for CCS abatement. Costs in early years (prior to 
2025) are primarily attributed to FFPFE abatement options (LDAR/gas recovery), as well as abatement of off-
road mobile machinery. 

 

Figure 37 Total annualised costs of abatement technologies (Balanced scenario). 

 
82 Additional assessments of other options for biomass use or land use are not included here. 
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7.3 Sensitivities 

To explore the potential impact of some of the data uncertainties and assumptions within the N-ZIP model, a 

number of sensitivities were tested on the Balanced scenario. Figure 38 displays the results of each 

sensitivity’s percentage change in total NPV and cumulative abatement to 2050, relative to the Balanced 

scenario. The full set of emissions pathways can be found in Appendix 10.3. The definition of each sensitivity 

and key outcomes are summarised as follows: 

• Optimism Bias at 0%: Reduced the optimism bias setting from its base value of 66% (refer to section 

6.2 for more details) to 0%. This results in a reduction in the overall capital costs of technologies, 

leading to earlier abatement potential and the greatest cumulative abatement.  This also leads to a 

greater uptake of electrification technologies instead of hydrogen, as electrification becomes a more 

cost-effective option in early years and hydrogen uptake remains hindered by low-cost delivery via the 

grid only becoming available in later years. 

• Low Electricity Cost: Removal of the electricity grid connection cost (refer to section 5.3 for more 

details) and the transmission cost component of electricity’s LRVC. This represents the potential for 

'distributed' electricity generation on or near to industrial sites, leading to earlier abatement and greater 

uptake of electrification technologies (i.e. an increase of 6.3 MtCO2e abated by electrification in the 

2050 end state). 

• Reduced Number of Cluster Points: Removal of the cluster points for CO2 T&S and hydrogen 

production at Londonderry, Medway, and Peak District. Sites previously accessing downstream CO2 

T&S networks or hydrogen supply from these points were reassigned to the next nearest cluster points, 

thereby increasing the distance, and hence cost, of CO2/hydrogen transport. Overall, this resulted in 

a modest decrease in total NPV, slight decrease in speed of decarbonisation and minimal change in 

abatement technology selection. 

• No H2/CO2 Demand from Other Economy Sectors: The demand for hydrogen production and CO2 

T&S from other sectors of the economy (power, transport, buildings, etc.) was reduced to zero. This 

resulted in an increase in the overall cost of the CO2 T&S network due to reduced economies of scale. 

Given the relatively small contribution of the CO2 T&S cost to the overall cost of industrial 

decarbonisation, this did not cause a substantial impact on the relative selection of abatement 

technologies in later years, although a minor shift from blue to green hydrogen was observed. 

• Higher Cost H2/CO2Transport for Dispersed Sites: This sensitivity reflects a potential reality in 

which dispersed sites are significantly constrained in their ability to access hydrogen/CO2 T&S 

networks. The inputs were adjusted to limit sites beyond a distance of 25km from defined points to 

utilise trucking transport only, along with doubling trucking costs for these sites. For a majority of 

dispersed sites, this results in a higher cost of transport than dedicated hydrogen/CO2 pipelines or 

conversion of the local gas grid to hydrogen. The result is an overall slow-down in the pace of 

decarbonisation, larger remaining emissions in 2050, and a greater proportion of dispersed sites 

selecting electrification as an abatement option. 

• Reduced Supply Chain Constraint: Decreasing the capacity of the supply chain by reducing the rate 

of maximum possible decarbonisation to 66% of the original value (refer back to Figure 17). This 

sensitivity reaches the lowest cumulative abatement, simulating a significant slowdown in the pace of 

decarbonisation. As a result, both CCS and electrification have lower abatement values in 2050. This 

result signals that a key success factor for industrial decarbonisation by 2050 will be the growth of 

skills and capacities in the supply chain. 

• Low Fossil Fuel Prices: Reduces the price of fossil fuels (gas, coal, oil) to 66% of their original values 

(refer back to Figure 18). While this sensitivity has a minimal impact on the final remaining emissions 

in 2050 - a modest increase of 0.1 MtCO2e - the pace of decarbonisation is substantially slowed down. 

The decreases in counterfactual fuel costs in this low fossil fuel prices sensitivity also result in this 

being the sensitivity with the lowest total NPV. 
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Figure 38 Sensitivity analysis results for the Balanced scenario. 

 

8 Summaries for Industrial Sector Groups 

The following pages provide a deep dive into specific industrial sector groups which share similarities in their 

existing processes, and hence their potential for deep decarbonisation. While it will be important for industrial 

sectors to identify which abatement options are most suitable for each of their sites, additional consideration 

should be given to the potential synergies and applicability of cross-sectoral abatement technologies. In each 

sector group summary, the sectors’ baseline emission projections, abatement results and key technologies, 

levelised cost of abatement and additional noteworthy points are highlighted.   
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8.1 Primary Iron Production and Other Metals Processing 
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8.2 Non-Metallic Minerals 
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8.3 Refining and Chemicals 
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8.4 Fossil Fuel Production and Fugitive Emissions (FFPFE) 
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8.5 Other Industrial Sectors 
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9 Conclusions and Policy Recommendations 

The primary objective of this project was to inform the CCC’s sixth carbon budget advice to Government, 

relating to industrial decarbonisation and infrastructure for hydrogen transmission and distribution, and for CO2 

transport and storage. This section summarises the key conclusions of the study, as well as knowledge gaps 

that were identified. It also includes some recommendations for policy to encourage development and uptake 

of deep decarbonisation technology and infrastructure. 

9.1 Summary of Key Findings 

• Deep decarbonisation by 2050 is possible and economically favoured – given the assumed 

carbon value trajectory (£121/tCO2 in 2030, rising to £346/tCO2 in 2050), industrial decarbonisation is 

highly favoured and industry achieves net zero by 2050, with ~3-5 MtCO2e residual emissions in 2050 

balanced out by the negative emissions from BECCS. 

• All decarbonisation technologies considered are likely to be important – the most irreplaceable 

technology is likely to be CCUS, given its crucial role in abating process emissions. The scale of 

hydrogen fuel switching or electrification varies between the scenarios; each of them has processes 

and scenarios where they are the most favoured.  

• All scenarios favour a rapid decarbonisation pathway as the most optimal option – this involves 

implementing the large majority of decarbonisation by 2045 and swift action by the early 2030s on all 

of the major industrial clusters, including the acceleration of infrastructure deployment .  

• Industrial decarbonisation remains relatively low cost – given the large incentives modelled by 

the carbon value, industrial decarbonisation remains highly favourable, despite some increases in 

costs from previous estimates to account for any potential bias towards optimistic low costs. 

• The supply chain and skills availability is a key constraint for decarbonisation – this, rather than 

cost, constrains the speed of decarbonisation in some sectors, so swift action over the coming years 

is needed to ensure this constraint is mitigated to the levels modelled here or further. The sensitivity 

results on supply chain constraints further validated this conclusion (section 7.3). 

• Infrastructure availability could constrain decarbonisation – infrastructure and industrial sites 

were highly interdependent within this project, and this interdependence could be a barrier to 

project/cluster developers. This could be mitigated by clarity on business models across all elements 

of the value chains. Coordination between and within clusters will also be important to ensure all 

clusters can begin infrastructure planning and development within the next decade. 

• Progress on technology availability would constrain early adopters – with the modelled carbon 

value, technology availability/readiness does constrain implementation. Hence it is valuable to push 

technology development and commercialisation early as far as possible. 

• There remains significant uncertainty, both around suitability and costs of technologies – 

however much of this should be mitigated over the course of the coming years through early 

technology demonstrators and detailed subsector assessments of decarbonisation. 

• Further planning and forecasting should be supported by ‘what-if’ scenarios – the sensitivity 

results (section 7.3) suggest the pathways to decarbonisation may vary wider than the 5 core scenarios 

explored. Over time and as work on decarbonisation progresses, greater certainty on the likely 

scenario will enable parameter updates in models such as N-ZIP, and greater clarity on the ideal 

pathway to net-zero. 

9.2 Further Work 

To continue progress and improve upon the N-ZIP model and similar modelling in the future, further work is 

needed to build knowledge through engagement and collaboration and to provide validation of assumptions 

through feasibility assessments and demonstration projects. Much progress is being made currently in the 

area through existing UK programmes, such as Industrial Fuel Switching, the Industrial Energy Transformation 

Fund, the CCUS Innovation Programme and other initiatives, and it is critical that this continues. The findings 

and detailed parameters from this UK work should be disseminated as far as possible to enhance learnings 
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and to enable parameter updates in models such as N-ZIP. Additionally, given the international nature of many 

of these industries and companies, learnings from similar work abroad can and should be incorporated into 

the evidence base, with international collaboration key for this. Our recommendations around knowledge 

building are shared below.   

Recommendations for evidence gathering and validation: 

• Feasibility studies and site assessments are needed to validate the assumptions around cost 

and suitability of abatement technologies for specific processes, which are currently at an early-

stage. These should include wider assessment of site-level requirements to facilitate integration of 

process or technology changes. These assessments will also help to build skills, increase industry 

confidence, and reduce uncertainty in the costs of options by providing a more concrete assessment. 

• Demonstration projects are needed to enhance industry confidence and enable a better 

understanding of costs and requirements of different options. BEIS’ recent programmes will provide 

some of this, however it is crucial that these initial projects are supported and built upon and that the 

results are as open, accessible and disseminated as widely as possible. 

• The cost of electricity grid connections and capacity were only assessed at a high level within this 

study, remaining a significant knowledge gap. Further investigation should assess the grid 

reinforcement and capacity build out required for industry electrification on this scale, together with the 

likely portion of that cost which would or should fall on industry, to validate some of the cost estimates 

for industry used within this and other modelling. 

• As the field progresses and better cost and suitability estimates become available, it is important to 

update the assumptions in existing models with new learnings to ensure they stay abreast of the 

latest developments and the pathways and outputs remain relevant. This includes enhancing the 

general technology assumptions, but also specific site assumptions once feasibility studies have been 

done and plans are put in place. 

Recommendations for engagement and collaboration: 

• International collaboration should be pursued so that evidence for a transition is built quickly. 

Additionally, findings should be disseminated as widely as possible internationally, so that work is not 

duplicated and that public sector funds are spent efficiently and with maximum impact. 

• Results from UK projects should be open and shared as widely as is commercially possible. 

Furthermore, it would be beneficial to facilitate collaboration and knowledge sharing between industrial 

sectors, particularly those that share similar equipment types. 

• As a key constraint for the pace of the pathway, the capacity of skills and supply chain needs to 

be developed. While this can be partially done through demonstration projects, additional work on 

mapping supply chains and future skills gaps is likely to be needed. As part of this, engineering, 

procurement and construction (EPC) contractors, industrial organisations and training institutions need 

to be engaged and consulted on new training courses for the required upskilling. 

• Work needs to be done alongside the range of relevant regulatory bodies to assess the impacts of 

these decarbonisation options, with particular emphasis on the Environment Agency and Health and 

Safety Executive for technology development. While consistent guidelines and regulations would likely 

be preferred, this also needs to be coordinated with devolved administrations where they have 

responsibility. 

9.3 Policy Recommendations 

The introduction of new industrial decarbonisation policies is widely expected to have a pivotal role in enabling 

deep decarbonisation. The interviewed and roundtable stakeholders representing UK industrial sectors and 

clusters believed policy support to be essential for establishing early business cases for deep 

decarbonisation investments while simultaneously mitigating the risk of carbon leakage83. Without UK-

 
83 Carbon leakage refers to the situation that may occur if, due to costs related to climate policies, businesses were to 
transfer production to other countries with lower emission constraints, thereby leading to an increase in their emissions. 
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wide policy intervention, there is a large risk of industrial competition being negatively impacted by an 

increasing carbon price - which may even result in some industrial site closures. In a worst-case scenario, an 

industrial site could prefer to relocate to a country with a lower carbon price, thus not achieving any global 

carbon abatement.  

The policy recommendations that follow are focused on mechanisms to support technology and infrastructure 

deployment, along with a brief discussion on policy options to expand the skillset of the supply chain and 

reduce the risk of carbon leakage. It should be noted that these are not the only policy levers available to 

government and that other interventions will be crucial to enable deep decarbonisation efforts (e.g. carbon 

disclosure/caps, low carbon procurement, product/carbon standards). 

9.3.1 Technology financial support mechanisms 

The fuel cost projections shown in section 7.1.1 illustrate that although the financial requirements for deep 

decarbonisation are significant and diverse in nature, the single most important policy focus should be in 

offsetting the increase in energy costs, largely due to hydrogen and electricity costing more than fossil fuels. It 

is also worth noting that costs included in this modelling work do not represent the likely price which industrial 

consumers pay for their fuel, but the cost excluding profit and pre-existing policy cost. Hence additional support 

for industry might be required to achieve these levels or mitigate higher fuel prices than the costs modelled 

here. These costs also directly impact the marginal cost of production, hence affecting industrial 

competitiveness. An option to reduce this risk is to implement a Contract for Difference (CfD) on the energy 

price, which could reduce the energy price differential and ensure that industries that decarbonise pay no more 

than competitors who use fossil fuels. 

A second goal of policies aimed at supporting deep decarbonisation technologies should be to reduce the 

upfront capital expenditures, which are the second largest cost factor after fuel costs. Grants and low-interest 

financing would be obvious ways for policy to provide capital support. Another option is to combine these with 

CfD financing mechanisms for bespoke industrial abatement projects, by providing a payback on investments 

relative to the carbon price. The UK government’s current proposal to move forward with the design of a CfD 

model using this approach is highlighted in Box 1. 
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Box 1 – UK government proposes business model for industrial CCUS 
 

The UK government has recently proposed a CfD financing mechanism combined with an upfront grant to 

support CCUS projects, which they are aiming to have implemented in 202284. The upfront government co-

funding would help finance the capital costs of constructing the CO2 capture plant, along with a CfD to 

provide revenue support over an agreed operational duration of the capture plant. A contractually agreed 

upon strike price per tonne of CO₂ abated would be defined, however further investigations are ongoing to 

determine appropriate reference prices and benchmark emissions. The CfD financing would be used to 

cover the project’s operational capture costs (this will include fuel costs), the capex investment for the 

project, and CO2 T&S infrastructure costs. 

The CfD was selected based on its potential to provide a high degree of revenue certainty for the industrial 

site, along with value of taxpayer money spent. Another main benefit was its successful past integration in 

the power sector, where it was utilised in competitive auctions to support the deployment, and cost reduction, 

of low carbon electricity generation. Similarly, government aims to develop the CfD model for UK industry 

to prioritise incentives for deploying early projects, acknowledging the need to have a flexible mechanism in 

place for later deployment projects which may span across a number of different industrial sectors. 

Government expects the level of support needed to reduce over time, as technology learning leads to CCUS 

cost reduction (along with increased carbon pricing), enabling a sustainable and cost-effective CfD 

mechanism in the long-term.  

Other financing models considered in the consultation process included a number of suggestions from a 

recent Element Energy report for BEIS on industrial carbon capture business models85: 

• Cost plus: all properly incurred costs are reimbursed through taxpayer funding. 

• Tradeable tax credits: a tax credit is awarded for each unit of CO2 stored (or simply abated, which 

could make this mechanism relevant to fuel switching as well), and this reduces a firm’s tax liability. 

The credit can also be traded with other firms. 

• Decarbonisation certificates: certificates representing the amount of CO2 abated (through CCUS or 

other technologies) which can be traded, and towards which emitters have an obligation. 

 

To expand financial support for a wider range of industrial abatement technologies, one option for government 

is to adapt their CfD financing business model for other low carbon technology options (fuel switching, process 

changes, etc.). For instance, similar to a CfD model, the Netherlands’ Sustainable Energy Transition Scheme 

(SDE++) applies to a wide range of CO2 reducing categories, including low carbon heat in industry, CCUS and 

hydrogen electrolysis. The SDE++ provides subsidies to abatement technologies on a defined 'operating 

shortfall’ (i.e. difference between fixed ‘base amount’ and market-fluctuating ‘correction amount’).86 However, 

this a challenging policy to implement – given the costs of abatement across industry vary widely due to site 

location and availability of nearby infrastructure, as highlighted in section 5. Costs of CO2 T&S, hydrogen 

supply, and other infrastructure (e.g. pipelines, electricity grid connection) may be highly site dependent, which 

may then require sites to have different financing incentives. 

To keep options open for a range of decarbonisation pathways, it is recommended that any financial support 

offered should be as technology neutral as possible. The results of this study highlighted that even though 

some deep decarbonisation technologies are going to be critical for the transition to net zero – CCUS and fuel 

switching in particular – different industries are likely to adopt different technology mixes. Policy interventions 

could reduce uncertainty by selecting preferred technology options (e.g. supporting the adoption of 

electrification instead of hydrogen, or vice versa). However, the findings in this study suggest that a number of 

 
84 UK Department of Business, Energy & Industrial Strategy, Response on potential business models for CCUS. 
85 Element Energy. (2018). Industrial carbon capture business models.  
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/759286/BEIS_CCS_b
usiness_models.pdf. 
86 https://english.rvo.nl/subsidies-programmes/sde 
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pathways deliver substantial decarbonisation, with the range of decarbonisation options considered being 

deployed in at least some industrial sectors. Moreover, given the high uncertainty around the future price of 

hydrogen and electricity, it would be difficult to justify policy measures that could limit other options which may 

turn out to be more effective for deep decarbonisation. 

The pathways studied assume that investments in fuel-switching technologies can take place in any year of 

the lifetime of fossil-fired appliances, since hydrogen is modelled as a retrofit and electrification modelled as 

new builds which include the scrappage costs of counterfactual technologies. While within the model 

scrappage of previous equipment was not a showstopping barrier when using a social discount rate, the shorter 

timescales and higher discount rates of industry might increase its importance if appropriate policy is unable 

to compensate for this. Additionally, if the uptake of fuel switching technologies were to be delayed by slower 

technology development timelines, lack of infrastructure availability, or by the lack of economic incentives, the 

number of sites finding themselves with additional scrappage costs due to ‘locked-in’ fossil-fuelled technologies 

could become significant. This could make it a challenge to meet the economy-wide net zero target by 2050. 

To mitigate this risk policy should: 

• Support the development of pilot projects within each sector (if required) to robustly test the technical 

and economic potential of abatement technologies, develop assurance in novel technologies for industry 

investors, and keep options open for different technology options.  

• Support detailed follow-on studies at the sector level to provide a comprehensive set of measures 

required for the sector to reach net zero. This could focus on deep decarbonisation options for a few 

representative sites to gain a holistic understanding of the interventions required. 

• Finance comprehensive feasibility studies to support early implementation of technologies already 

available which could start decarbonising immediately (predominately in the context of process 

electrification). It is recommended that a specific focus on deep decarbonisation (ideally net zero) be 

required, as well as extensive knowledge sharing.  

• Ensure that the required infrastructure is developed well ahead of time, so that fuel switching and 

CCUS can be implemented without delay when the business case is established. Policy levers for 

infrastructure deployment are expanded upon in section 9.3.2. 

• If technology lock-in cannot be mitigated across all industrial sites, early decommissioning (i.e. 

scrappage) of fossil-fuelled appliances may need to be promoted or mandated on processes which 

are unable to be retrofitted. 

 

9.3.2 Infrastructure financial support mechanisms 

Announced alongside the CfD financing mechanism for industrial carbon capture, the UK government plans to 

progress work on its development of a CO2 T&S business model, and is currently minded to operate the 

infrastructure through an economic form of regulation, drawing on experiences from other regulated network 

models. The CCUS Cost Challenge Taskforce, the BEIS Select Committee on CCUS and the CCUS Advisory 

Group all shared the view that due to the characteristics of a CO₂ T&S network, a regulated asset base funding 

model would be a suitable funding model in the long-term.  

Under a regulated asset base model, the T&S company would receive a licence from an economic regulator, 

which grants it the right to charge a regulated price to users in exchange for delivering and operating the T&S 

network. To prevent monopolistic disadvantages, the charge is set by an independent regulator who considers 

allowable expenses, over a set period of time, to ensure costs are necessary and reasonable. Model variants 

could include the provision of financial support to decrease the upfront capital expenditure or to support early 

adopters of the network subject to higher initial costs. Early funding support for the T&S network is likely to 

come from the UK’s recently proposed CCS Infrastructure Fund, highlighted in Box 2. Policy should ensure 

that implementation of this funding is not delayed, considering the key role that CO2 T&S plays in industrial 

decarbonisation. 
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Box 2 – UK announces CCS Infrastructure Fund 
 

In March 2020, a new CCS Infrastructure Fund was announced as part of the UK’s Budget. In November 

2020, the Government’s Ten Point Plan for a Green Industrial Revolution further increased the value of the 

Fund to £1bn. The focus of the Fund will be to deliver on the promise of deploying CCUS in at least two 

industrial clusters, with the aim to have one in the mid-2020s and a second by 2030. In addition, the Fund 

will be used to help finance the infrastructure needed for the construction of a gas power station with CCS 

by 2030. Supported by the Government’s proposed business models for CCUS, the Fund will enable the 

deployment of deep decarbonisation technologies within industry, further helping to achieve:  

• the Industrial Clusters mission of one low-carbon cluster by 2030 and the world’s first net zero 

cluster in the following decade (by 2040), and 

• the UK’s target of net zero emissions by 2050.  

In its current stage of development, the UK government does not plan for any technologies to be ineligible 

for funding. Moreover, consideration is being given economy-wide to how the Fund can support industry, 

power, T&S, as well as low carbon hydrogen CCS projects. While designing individual funding mechanisms, 

the government plans to engage closely with each sector to identify the gaps which funding could fill. For 

instance, financing that may not be supported by the private sector or not already supported via existing 

governments funding programmes.  

 

The UK government has already recognised that the development of CO₂ T&S networks in the UK will be 

complex infrastructure undertakings that are likely to involve a variety of approaches, including the 

development of new onshore and offshore infrastructure, the potential for re-use of existing oil and gas 

infrastructure and use of CO₂ shipping to extend a network’s reach. This is evident from Government’s recently 

completed consultation on the re-use of oil and gas assets for CCUS projects.87  

Similarly for hydrogen infrastructure, policy and funding designs should also be tailored towards cost-effective 

infrastructure projects which, where possible, lead to repurposing or re-using parts of the existing natural 

gas infrastructure, helping to reduce costs and avoid stranded pipeline assets. Furthermore, any new policies 

should be designed with the scope to include all forms of low carbon hydrogen production to ensure that the 

most cost-effective options are able to be deployed in the near term. It is emphasised that hydrogen generation 

and distribution should be supported with the appropriate business model to encourage private sector 

investment, particularly for early projects. Any support mechanism should be compatible with the mechanism 

chosen for fuel switching to ensure the appropriate level of support is given for development of the full hydrogen 

supply chain.  

Lastly, while this work has modelled infrastructure demand exclusive of import or export 

opportunities, it is crucial that government acknowledges the broader impacts of the potential avenues 

for interregional trade and transport of hydrogen and CO2. An EU-hydrogen economy could very well be 

supported by UK exports of low-cost hydrogen production, transported via ships docking at adapted LNG 

terminals. Transport can happen as pure gaseous or liquid hydrogen or bound in bigger molecules that are 

easier to transport (e.g. ammonia or liquid organic hydrogen carriers). Financial support for investments in port 

and shipping infrastructure should evaluate the potential for increasing demand that the wider hydrogen 

economy brings. Conversely, clusters or regions in need of shipping CO2 may consider lower cost downstream 

T&S chains that exist in the EU (e.g. as part of Norway’s Northern Lights project in the North Sea).88 

Government should engage closely with industrial clusters and with multinational companies to ensure policies 

 
87 The response to the consultation on the re-use of oil and gas assets for CCUS projects can be found at: 
https://www.gov.uk/government/consultations/carbon-capture-usage-and-storage-ccus-projects-re-use-of-oil-andgas-
assets 
88 In partnership with the Netherlands and Norway, the UK proposed a provisional amendment to the London Protocol to 
allow for cross-border transportation and storage of CO₂ which was successfully passed at the International Maritime 

Organisation in October 2019, representing a significant milestone for cross-border transport of CO₂. 
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and financing mechanisms drive support for the development of UK-based T&S networks, or are amended to 

support the portion of the T&S network that is within the UK’s jurisdiction (e.g. trunk pipelines from large 

emission sources or port infrastructure). 

9.3.3 Expanding the capacity and skills of the supply chain 

While many new technologies and infrastructure share synergies with existing technologies, there 

likely needs to be significant support for the transfer of knowledge and upskilling. This could be directly 

supported through policies which incentivise training or can be indirectly facilitated by policies which create 

more market certainty and therefore promote private sector investment in supply chains. 

To support the long-term transition to deep decarbonisation of industry, the UK will need to build expertise in 

the new technologies and infrastructure required. These skills are for achieving net zero emissions by 2050, 

and also represent an opportunity for the UK, with the potential growth of an export market for similar services 

to other countries looking to decarbonise. Clarity on the UK’s decarbonisation agenda would provide industry 

with some of the certainty required to invest in skills development in the UK.  

Appropriate local training near to industrial clusters will be important. Government should continue to 

encourage connections between industrial clusters and local education institutions that could provide 

appropriate training for the technologies required in the region. This would ensure the availability of a trained 

workforce around industrial clusters and would reduce risks of workforce shortages. 

9.3.4 Preventing carbon leakage 

Carbon-intensive and trade-intensive industrial sectors are particularly impacted by the risk of carbon 

leakage, since they are subject to greater competition across international markets and are less capable of 

passing on additional costs (e.g. resulting from an increased carbon price) without losing market share. To 

mitigate against this risk, Government may need to consider policy designs beyond those that incentivise 

technology and infrastructure deployment. 

To address carbon leakage risk, a policy lever could offer an adjustment on the import and export prices of 

products exposed to different carbon pricing regimes. The aim is to provide a financial ‘correction’ to the 

manufacturing cost so that all manufacturers are competing on an even carbon price basis. The prominent 

policy option of this type is a Border Tariff Adjustment (BTA),89 which can be designed to issue import fees 

on goods produced in countries with lower carbon pricing policies and remit carbon taxes on exports intended 

for the same countries. It should be recognised that BTAs are a complex policy to design and implement, with 

further concerns still to be addressed on their effectiveness in mitigating carbon leakage. In particular, BTAs 

would need to be accordant with World Trade Organisation rules and free trade arrangements between 

governments. 

Despite these challenges, the EU Commission’s proposed creation of a BTA, the Carbon Border 

Adjustment Mechanism (CBAM)90, was identified in the European Green Deal as a critical policy lever to 

achieving a climate-neutral Europe by 2050. The EU Commission has recently launched consultations (July 

2020) on the CBAM, with the aim of adopting an act into EU law by the second quarter of 2021. The UK 

government should look towards investigating key transferable learnings from these early stages of 

implementation of the CBAM to inform the potential for development of their own national BTA. 

 

 

 

 

 
89 Also known as Border Adjustments or Border Tax Assessments. 
90 EU Commission, EU Green Deal (carbon border adjustment mechanism) 
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10 Appendix 

10.1 Sectors and Process Archetypes 

 

 
91 Emissions from any sectors with a “Biomass Process” are not considered in the baseline. 
92 No defined processes. Analysis for NRMM was undertaken separately by the CCC and incorporated into the results. 
93 Solid smokeless fuel (SSF) production uses anthracite as the base ingredient because of its naturally high carbon 
content. Ideal for domestic open fires/stoves, SSFs combust with with fewer volatile materials and no acrid smoke. 

Industry sector Process archetypes91 
# of point 

source sites 

Ammonia Combustion CO2; Process CO2 2 

Cement Kiln; Process CO2; Biomass Process 11 

Coal Mine (closed) Methane Leakage 0 

Coal Mine (open) Generators; Lubrication; Methane Leakage 0 

Compressor Station Compressor 23 

Construction Generators; Lubrication 0 

Ethylene Boiler – Steam; Combustion CO2; Dryer; Process CH4; Process CO2 3 

Food & Drink Boiler – Steam; CHP; Dryer; Oven; Biomass Process 162 

Gas Distribution Lubrication; Methane Leakage 0 

Gas Platform Compressor; Flaring; Generators; Venting 35 

Gas Terminal 
Boiler – Steam; Compressor; Flaring; Generators; Methane Leakage; 
Process CO2; Venting 

23 

Glass Furnace; Process CO2; Glass Other 26 

Lime Kiln; Process CO2; Biomass Process 6 

LNG Terminal Regasification (Vapourisers) 3 

Non-ferrous Metal 
CHP; Metal Melting; Metal Rolling; Non-ferrous Metal – Process; Process 
CO2 

14 

Non-road Mobile 
Machinery (NRMM) 

N/A92 0 

Oil Platform Compressor; Flaring; Generators; Methane Leakage; Venting 81 

Oil Terminal Compressor; Flaring; Generators; Methane Leakage; Process CO2; Venting 10 

Other Chemicals 
Boiler – Steam; CHP; Dryer; Methane Leakage; Process CH4; Process CO2; 
Process N2O; Pumps; Biomass Process 

133 

Other Fuel Production  Coke production; SSF Production93 6 

Other Industry  
Boiler – Steam; CHP; Generators; Incinerators; Lubrication; Process CO2; 
Process N2O; Biomass Process 

57 

Other Iron & Steel Boiler – Steam; Electric Arc Furnace; Metal Melting; Metal Rolling 27 

Other Minerals Dryer; Kiln; Process CH4; Process CO2 156 

Paper  Boiler – Steam; CHP; Dryer; Biomass Process 46 

Primary Iron 
Production 

Boiler – Steam; CHP; Electric Arc Furnace; Flaring; Metal Rolling; Blast 
Furnace and Sinter Plant 

2 

Refining Boiler – Steam; CHP; Furnace; Process CO2 9 

Shale Gas 
 

Compressor; Flaring; Generators; Methane Leakage; Venting; Process CO2 0 

Vehicles Boiler – Steam; CHP; Dryer; Furnace; Oven 32 

Waste Processing Incinerators; Biomass Process 74 

Total  941 
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10.2 Methodology and Assumptions Tables 

10.2.1 Hydrogen T&S Infrastructure Components and Lead Times 

Infrastructure Base Length Constraints on Length 

Estimated 

Minimal 

Length 

Progress / Examples 

Salt Caverns 

(Storage) 
7 years94 

Appraisal of new sites, 

leaching process 
6 years 

H21 North of England 

roll-out plans for new 

salt caverns 

commissioned by 2027 

(H2 storage already 

occurs in Teesside at 

the Seal Sands salt field 

for industrial chemical 

users) 

Ammonia 

(Production, 

Storage and 

Cracking) 

5 years 

Over-sizing/right-sizing (i.e. 

H2 demand volume 

uncertainty leading to low 

asset utilisation) 

3 years 

BEIS has awarded 

funding for industry-led 

feasibility studies on the 

use of ammonia in the 

delivery of low-cost bulk 

hydrogen95 

New 

Transmission 

Pipeline 

8 years96 

H2 supply volume uncertainty, 

planning approvals and land 

purchases, pipe and 

equipment manufacture, 

construction delays 

4 years97 

H21 North of England 

roll-out plans for a new 

transmission pipeline 

(begins operating by 

2028 for West Yorkshire, 

Tyneside, Manchester) 

Existing 

Distribution 

Pipeline 

Conversion 

8 years9696 

New / accurate industrial 

metering needs to be 

developed for compositions 

up to 100% H2, ensuring 

pipelines are able to provide 

peak demand network 

balancing / storage 

4 years97 

Cadent HyNet Phase 2 

(2023-26) aims to have 

high concentrations of 

hydrogen fuels supplied 

to industry98  

 

 

  

 
94 The leaching process itself can take up to 7 years depending on geological factors. 
95 https://www.gov.uk/government/publications/hydrogen-supply-competition 
96 For the first large-scale project, anticipated lead time is up to 8 years (based on schedule for proposed H21 North of 
England project, including FEED and EPC). 
97 Depending on size and scope of H2 transmission pipeline development or distribution pipeline conversion in other 
regions, future lead times are estimated to range from 4 to 6 years. 
98 https://hynet.co.uk/#timeline 
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10.2.2 CO2 T&S Infrastructure Components and Lead Times 

CO2 Storage 

Development 

Stage  

Base 

Length 
Constraints on Length 

Estimated 

Minimal 

Length 

Progress / Examples 

Storage 

Appraisal (for 

new sites) 

4 years 
Well drilling, seismic 

surveying, modelling 
3 years 

Currently appraised99: 

Northern North Sea (12 Mt/y), 

Southern North Sea (30 Mt/y), 

Irish Sea (5 Mt/y) 

Pre-FEED 

Planning 
2 years 

Data sourcing/collection, 

due diligence, labour 

requirements, storage 

licensing, additional 

appraisal modelling 

2 years100 

Projects at this stage: Zero 

Carbon Humber, HyNet 

(Merseyside), Net Zero 

Teesside, Acorn 

(Grangemouth and Northern 

Scotland) 

FEED 2 years 
Permitting, permissions, 

leasing, consents 
1 year100 

Acorn (2020)101, HyNet 

(2020)102, Zero Carbon 

Humber (2020-2021)103, Net 

Zero Teesside (2022-2024)103 

Final 

Investment 

Decision (FID) 

- - - 
Acorn (2021)101, HyNet 

(2022)102 

EPC 3 years 

Availability of 

experienced geo / 

petroleum engineers and 

drilling equipment / rigs, 

delays in procurement / 

construction 

2.5 years100  

 

 

 

 

 

 

 

 

  

 
99 ETI Appraisal Project (2016) 
100 Acorn Project feasibility deliverables (2018) 
101 Acorn Project ACT workshop (Nov 2019) 
102 HyNet Project update (Oct 2019) 
103 Estimate 
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Transport 

Infrastructure 

Base 

Length 
Constraints on Length 

Estimated 

Minimal 

Length 

Progress / Examples 

Existing 

Onshore or 

Offshore 

Pipeline 

7 

years104 

Regulatory uncertainty 

(i.e. unable to secure 

change of use or owner), 

operator unwilling to 

dispose of asset, 

operational challenges 

(e.g. pipeline corrosion, 

depressurisation, CO2 

venting) 

4 years 

Acorn Project includes plans to re-

use three offshore pipelines 

(starting 2024) and National Grid’s 

Feeder 10 onshore gas 

transmission pipeline to connect 

Grangemouth to Peterhead 

(planned for 2027) 

New Onshore 

or Offshore 

Pipeline 

5 

years104 

CO2 supply volume 

uncertainty (i.e. over-

sizing/right-sizing pipeline 

assets for future carbon 

capture projects), 

permitting, delays in 

procurement/construction 

4 years 

HyNet Project planning for new 

onshore pipeline from ATR plant to 

existing pipeline at Connah’s Quay 

Rail105 / Road 2 years 

Delays in building 

infrastructure (filling 

stations/temporary 

storage at industrial sites, 

ports, etc.) or purchasing 

trucks or rail wagons 

1 years 

Certain industrial sites near or 

within National Parks / Areas of 

Outstanding Natural Beauty 

unable to acquire pipeline permits 

may be constrained to use 

rail/road CO2 transport 

Shipping 7 years 

Inadequate port facilities 

due to length and draft 

limits106, modernisation 

and upgrade of existing 

fleet (e.g. improving 

maximum ship length and 

storage space) 

5 years 

Currently, there is limited 

experience in CO2 shipping in the 

UK at the scale needed. A 

Norwegian CCUS project, 

Northern Lights, plans to scale up 

CO2
 shipping in the North Sea and 

is on track for FID in 2020/2021 

(and if successful, operational in 

2023). 

 

 

 

 
  

 
104 Includes pre-FEED planning, FEED and EPC work. 
105 Some dispersed industrial sites may not have rail network access or experience capacity constraints on the rail 
system (e.g. parts of the network with increased passenger traffic) thereby requiring the use of road transport. 
106 For example: Aberdeen and Londonderry/Foyle ports are unable to accommodate the largest 30 kt ships 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/929282/BEIS_-
_CCUS_at_dispersed_sites_-_Report__1_.pdf 
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10.3 Emissions Pathways for Sensitivities 
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Rt Hon Robert Jenrick MP 
Secretary of State 
Ministry of Housing, Communities and Local Government 
2 Marsham Street  
London SW1P 4DF 
 
 
29 January 2021 
 
Deep Coal Mining in the UK 
 
 
Dear Secretary of State, 
 
My Committee notes that you have chosen not to call in the recent decision of 
Cumbria County Council to grant planning permission to a new Cumbrian coal 
mine to 2049. As you said in the House of Commons on the 11th January, “it is a 
decision on whether it meets the bar to bring in a case and have it heard on a 
national scale, or whether, in the opinion of the Secretary of State, it is better left 
to local democratically-elected councillors”.  
 
Local democracy has an important role to play, as the CCC has consistently 
emphasised, but local decisions can also have national and international 
implications. 
 
The opening of a new deep coking coal mine in Cumbria will increase global 
emissions and have an appreciable impact on the UK’s legally binding carbon 
budgets. The mine is projected to increase UK emissions by 0.4Mt CO2e per year.1 
This is greater than the level of annual emissions we have projected from all open 
UK coal mines to 2050. 
 
The decision to award planning permission to 2049 will commit the UK to 
emissions from coking coal, for which there may be no domestic use after 2035. 
85% of the coal is planned for export to Europe.1 Our recent Sixth Carbon Budget 
Advice2 has the following implications for coking coal use in the UK: 
  

• Coking coal should only be used in steelmaking beyond 2035 if a very 
high proportion of the associated carbon emissions is captured and 
stored. 

 
1 Cumbria County Council, October 2020, Public Reports Pack, 

https://councilportal.cumbria.gov.uk/mgChooseDocPack.aspx?ID=10597 
2 Climate Change Committee, December 2020, Sixth Carbon Budget 

https://www.theccc.org.uk/publication/sixth-carbon-budget/  
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• Coking coal use in steelmaking could be displaced completely by 2035, 
using a combination of hydrogen direct reduction and electric arc 
furnace technology to meet our recommendation that UK ore-based 
steelmaking be near-zero emissions by 2035. 

 
It is not the CCC’s role to act as a regulator or a planning authority, but we 
would urge you to consider further the UK’s policy towards all new coal 
developments, for whatever purpose.  
 
This decision also highlights the critical importance of local councillors and 
planning authorities considering fully the implications of their decisions on climate 
targets. In this regard, I would ask that we discuss the provision of guidance to 
local authorities. The CCC stands ready to provide whatever advice you feel is 
needed.  
 
I acknowledge that there are always interrelationships and trade-offs with wider 
objectives, including the notable increase in local employment expected from 
this commercial development. It is for Ministers to decide how the effort to reach 
Net Zero should be allocated across the economy, but it is also important to note 
that this decision gives a negative impression of the UK’s climate priorities in the 
year of COP26. 
 
 
Yours sincerely, 

 
 

Lord Deben 
Chair, Climate Change Committee 
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6

Ministerial foreword

The UK is the world’s first major economy to 
present a net zero Industrial Decarbonisation 
Strategy. This strategy comes at a time when 
the UK is striving forward with environmental 
progress, with economic recovery from the 
COVID-19 global pandemic, and towards a 
healthy future for generations to come. 

The UK was also the first major economy to legislate an 
ambitious net zero target and we are taking a leading role 
globally in the fight against climate change. Domestically, 
this is a pioneering agenda, and this government will 

continue to seek ambitious targets and collaboration from other countries. We will 
do this most imminently through the UK’s presidency of COP26, the United Nations’ 
climate conference held in November 2021. I am committed to ensuring our leadership 
encourages all countries to pledge to a more viable path for our industries’ futures. 

Decarbonising UK industry is a core part of the government’s ambitious plan for the green 
industrial revolution. Timing is critical and we must continue to propel forwards towards 
our 2050 net zero target with fervour, innovation, and commitment. We will use the 
actions set out in this strategy to accelerate the green transformation in industry: aiming 
high with our ambition, as we expect that emissions need to fall by around two thirds by 
2035; and ensuring UK businesses expand into new and growing markets in a low carbon 
world, while broader competitiveness is protected. 

From the UK’s ceramic cluster in the West Midlands, to the Teesside chemical plants in 
North East England, the UK’s industrial heartlands are vitally important to our economy, 
contributing £170 billion each year and providing 2.6 million jobs (ONS, Annual Business 
Survey, 2020). As the UK leads the race to net zero, we will ensure that decarbonisation 
works for everybody and every region. In line with our policy priorities, we will use our 
efforts on decarbonisation to transform geographic disparities. Industrial clusters play a 
monumental role in achieving our goal: we have set ourselves the target of ensuring that 
there will be at least four low carbon clusters by 2030 and at least one net zero cluster 
by 2040. 

The 2020s will be crucial for us to lay the bedrock for industrial decarbonisation. Over the 
next decade we will begin the journey of switching away from fossil fuel combustion to 
low carbon alternatives such as hydrogen and electrification, deploying key technologies 
such as carbon capture, usage and storage, and supporting industrial sites to maximise 
their energy and resource efficiency to reduce costs for businesses. In parallel, we will 
continue to help industry overcome barriers and work with our international partners, both 
old and new, to kick-start the demand for low carbon industrial products. The work we do 
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in the next decade will be essential to ensure industry can flourish during its transition to 
net zero, without moving emissions and businesses abroad. 

As the movement against climate change grows, the UK will continue to set global 
precedents towards a fairer, greener society. We are leading the way, and I look forward 
to working with industry sectors, businesses, and governments from across the world to 
ensure these challenges are met.

The Rt Hon Anne-Marie Trevelyan MP

Minister of State for Business, Energy and Clean Growth
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Executive summary

The UK is a world leader in the fight against climate change. In 2019 
we became the first major economy in the world to pass laws to end its 
contribution to global warming by 2050. Reaching this target will require 
extensive, systematic change across all sectors, including industry. We must 
get this change right as the products made by industry are vital to life in the 
UK, and the sector supports local economies across the country. 

This strategy covers the full range of UK industry sectors: metals and minerals, chemicals, 
food and drink, paper and pulp, ceramics, glass, oil refineries and less energy-intensive 
manufacturing1. These businesses account for around one sixth of UK emissions, and 
transformation of their manufacturing processes is key if we are to meet our emissions 
targets over the coming decades (BEIS, Final UK greenhouse gas emissions from national 
statistics: 1990 to 2018: Supplementary tables, 2020).

The aim of this strategy is to show how the UK can have a thriving industrial sector 
aligned with the net zero target, without pushing emissions and business abroad, and 
how government will act to support this. An indicative roadmap to net zero for UK 
industry based on the content in this strategy is set out at the end of this summary. This 
strategy is part of a series of publications from government, which combined show how 
the net zero transition will take place across the whole UK economy.

Part 1: Foundations to deliver net zero for industry
Chapter 1: Why we need a strategy and our approach

We want to provide a clear signal to industry, setting out how we expect decarbonisation 
will happen through the sector, and the role government will take in supporting and 
enabling this transition. By doing so, we will support industrial development decisions, 
improve investor confidence, and provide the greater certainty needed to enable industrial 
businesses to begin the journey to net zero. 

This chapter sets out:

• our ambition for decarbonising industry in line with net zero: our expectation is 
emissions will need to reduce by at least two-thirds by 2035 and by at least 90% by 
2050, with 3 MtCO2

2 captured through Carbon Capture, Usage and Storage (CCUS) 
and around 20 TWh switching to low carbon fuels by 2030

1 Less energy-intensive manufacturing includes the manufacturing of vehicles, wood products, pharmaceuticals and electronics, 
among other industries.
2 Throughout this strategy we use carbon equivalent emissions (CO2e) except when specifically referring to CCUS/CO2 capture as 
these figures have been calculated on the basis of CO2 only
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• our policy principles to drive industrial decarbonisation via addressing barriers, 
mitigating carbon leakage risks, and playing a key role in the delivery of large 
infrastructure projects

• our priorities in the 2020s, which focus on aligning existing policy with net zero and 
putting in place new incentives to fill any policy gaps

• the policy framework that will be used to drive decarbonisation through the 
2030s and 2040s, combining incentives to reduce emissions, carbon leakage 
mitigation, and supporting policy frameworks to address outstanding barriers to 
decarbonisation

• how we will position ourselves as a climate leader whilst ensuring UK industry retains 
its competitive advantage, by working with industry to enable decarbonisation 
utilising a range of policy approaches, and mitigating against the risk of carbon 
leakage through levers that grow the market for low carbon products and reduce 
differences in climate policy between trading partners

Chapter 2: Getting investors to choose low carbon

We want to support existing industry to decarbonise, and encourage the growth of new, 
low carbon sectors in the UK. In the long run we believe that markets will be best placed 
to determine the most cost-effective pathways to decarbonisation. Throughout the 
next decade government will need to help overcome the barriers that currently prevent 
industry from securing investment to start the low carbon transition.

This chapter sets out how we will:

• use carbon pricing as a tool to send a clear market signal, providing certainty over 
our net zero ambition for industrial sectors

• put in place funding mechanisms to support deployment and use of CCUS and low 
carbon hydrogen infrastructure 

• establish the right policy framework to ensure uptake of fuel switching 

• take initial steps to create a market for negative emissions technologies

• establish a targeted approach to mitigating carbon leakage 

• work with stakeholders to understand how an EU Carbon Border Adjustment 
Mechanism (CBAM) could affect the UK

Chapter 3: Getting consumers to choose low carbon

Without a clear demand for low carbon industrial products, industry risk being undercut 
by cheaper, high carbon alternatives after decarbonising. Government can take action to 
support low carbon manufacturers by creating demand and developing the market for low 
carbon industrial products, without significantly impacting end-consumers financially.

This chapter sets out how we will:

• develop proposals to improve data transparency
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• develop proposals for new product standards

• develop proposals for product labelling

• use public procurement to drive change

• support businesses to make greener choices

Part 2: Transforming industrial processes
Chapter 4: Adopting low-regret technologies and building infrastructure

The diversity of industry means that decarbonisation of the sector will be achieved 
through a combination of different technologies and measures. We will use our 
industrial decarbonisation pathways modelling to focus on low-regret deployment of key 
technologies such hydrogen and CCUS, which is robust to future uncertainties such as 
industrial demand, technical challenges and fuel prices. 

This chapter sets out how we will:

• support deployment of CCUS on industrial sites in clusters to capture and store 
around 3 MtCO2 per year by 2030

• support increasing amounts of fuel switching to low carbon hydrogen during the 
2020s

• support low-regret fuel switching to electrification in industry during the 2020s

• review the most appropriate use of bioenergy in industry to provide evidence for the 
Bioenergy Strategy (2022)

• consider the implications of the recommendation of the Climate Change Committee 
to set targets for ore-based steelmaking to reach near-zero emissions by 2035

• work with industry to understand what is required to make sites retrofit-ready 

• work with the cement sector to explore options to decarbonise sites in dispersed 
locations

• review policies to address specific barriers faced by less energy-intensive, dispersed 
industrial sites 

• use Project Speed to ensure the land planning regime is fit for building low carbon 
infrastructure

• improve co-ordination between decarbonisation and environmental policies to meet 
a common sustainability agenda

Summary
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Chapter 5: Improving efficiency

Energy and resource efficiency measures, which reduce the level of energy and materials 
used in producing industrial goods, will be crucial to getting industry to net zero. 
Improvements in energy and resource efficiency will play a particularly significant role 
in reducing industrial emissions in the 2020s, leading the way in widespread emissions 
reductions while infrastructure for the deep decarbonisation options is built up throughout 
the decade.

This chapter sets out how we will:

• support sites to install energy management systems

• improve heat recovery and reuse across sites, particularly in sites with high 
operational temperatures

• help less energy-intensive, dispersed industrial sites improve energy efficiency 
through the adoption of technologies available in the market with low payback times

• develop a communications plan to make industry aware of the support that is already 
available to increase energy efficiency

• support increased resource efficiency and material substitution within industry, by 
driving the transition towards a circular economy model and increasing reuse, repair 
and remanufacturing 
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Chapter 6: Accelerating innovation of low carbon technologies

The low carbon technologies that are needed to decarbonise industry are at various stages 
of development. We need to continue to innovate and develop a broad range of low 
carbon technologies to put us in the best position to reduce the cost of decarbonisation 
and maintain the competitiveness of industry throughout the net zero transition. 

This chapter sets out how we will:

• support innovation in fuel switching technologies, including low carbon electricity, 
biomass and hydrogen

• support first-of-a-kind demonstration of carbon capture utilisation and storage from 
a range of industrial sources

• support the development of industrial digital technologies to maximise efficiency 
improvements 

• support research into advanced technologies

• support advancements in product innovation

Part 3: Maximising the UK’s potential
Chapter 7: Net zero in a global market

Decarbonising industry is a global challenge. Industrial products are bought and sold 
in every country in the world, and the sector accounts for around 24% of global carbon 
dioxide emissions (IEA, Tracking Industry 2020, 2018). By leading and advocating for 
stronger international collaboration with others, we will develop new technologies faster, 
increase production, and bring down the costs of industrial decarbonisation more quickly. 

This chapter sets out how we will:

• work with our partners to create a coalition of countries committed to shared 
approaches to developing the market for low carbon products 

• lead global innovation efforts, through the UK’s leading role in Mission Innovation, to 
reduce the costs of supplying low carbon industrial products

• support industrial decarbonisation through trade policy

• capitalise on the export opportunities of having a world-leading net zero industry

• continue to work with key international organisations, countries and initiatives to 
encourage industrial decarbonisation in developing countries 
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Chapter 8: Levelling up

The manufacturing sector is a crucial part of local economies across the UK, often 
providing well-paid jobs in areas where salaries fall below the UK average, and it is vital 
that this sector thrives now and in the future. We will use the opportunity of net zero 
to transform the UK’s industrial regions, attracting inward investment, future proofing 
businesses and securing the long-term viability of jobs. 

This chapter sets out how we will:

• unlock new job opportunities through deployment of low carbon infrastructure in 
industrial areas

• support the skills transition so that the current and future workforce benefit from the 
creation of new jobs 

• create incentives for new industrial sectors to base themselves in the UK’s industrial 
hubs and promote opportunities to attract foreign investment

• work with devolved governments across England, Scotland, Wales and Northern 
Ireland to unlock barriers to decarbonisation

Chapter 9: Tracking progress

Industrial decarbonisation is a complex process and it is imperative that we take action 
now to reach our 2050 goals. In this strategy, we are setting out new ambitions for 
a thriving low carbon industrial sector, and we need new indicators to measure our 
progress. For example, we need to track the deployment of new infrastructure that will 
enable widespread capture and storage of carbon dioxide, as well as monitoring the 
growth of green jobs in industry.

This chapter sets out how we will: 

• take a strategic, effective, proportionate, flexible and responsive approach to track 
our progress on meeting our strategy goals

• use government’s annual response to the Climate Change Committee’s progress 
report on decarbonising the UK economy to inform the public on progress in 
delivering the strategy, and undertake a full review of strategy actions every five 
years

• use a range of metrics to update on our progress, including UK industry emissions 
and volume of carbon dioxide captured and stored, and hydrogen used in industry

Summary
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The UK was the first major economy in the world to pass laws to end its 
contribution to global warming with our 2050 net zero target. With the 
publication of this strategy, we become the first to show how we can have a 
thriving industrial sector aligned to net zero. We will work in partnership with 
industry, its workforce, customers and communities, sharing the costs and 
opportunities of this green industrial revolution.

This strategy builds on the ambition and actions set out in the Industrial Decarbonisation 
and Energy Efficiency Roadmaps to 2050 project: updating the pathways analysis and 
adapting actions to reflect our net zero target, considering fully the role of hydrogen and 
resource efficiency, and expanding to consider all of UK industry.

This strategy reflects advice and feedback from trade associations, businesses, 
environmental groups, academics and the Climate Change Committee (CCC). Workshops 
explored themes such as incentives to adopt low carbon technologies, carbon leakage 
risks and the importance of a clear policy and funding landscape. The role of government, 
industry and the consumer in the net zero transition were discussed at a Confederation 
of British Industry roundtable with over 40 industry representatives, as well as the BEIS 
Industrial Energy and Energy Intensive Industry stakeholder forums. Finally, the pathways 
analysis in Annex 4 was tested with a group of academic experts. 

We look forward to continued partnership with our stakeholders, so that we can deliver 
the ambition of this strategy together over the coming years. 

The decarbonisation challenge
Industrial products are vital to life in the UK, from the fabric of our buildings to the 
materials we use in our daily life. Without manufacturing industry, there would be no 
cars, no COVID-19 vaccine, no food or the packaging it goes in. UK industries combine 
high end technology and highly skilled workers with ingenuity to make products that are 
traded all over the world.

Industry plays an essential role in society, contributing £170 billion to the overall economy. 
It is a high value area of employment, directly accounting for 9% of the UK’s GDP and 
providing 2.6 million direct jobs (ONS, Annual Business Survey, 2020) as well as over 5 
million jobs across the value chain (UK in a Changing Europe, Manufacturing and Brexit, 
2020). These businesses are disproportionately important to regions outside the South 
East, providing well paid jobs in areas such as the North West, Yorkshire and South Wales.

This strategy covers the full range of UK industry sectors: metals and minerals, chemicals, 
food and drink, paper and pulp, ceramics, glass, oil refineries and less energy-intensive 
manufacturing1. It also covers the new emerging industries, which will be the hallmarks 
of the net zero transition, including low carbon hydrogen and carbon capture, usage 
and storage.

Today our sectors are highly emitting, and combined produce 16% (72 Mt CO2e) of UK 
emissions (BEIS, Final UK greenhouse gas emissions from national statistics: 1990 to 
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2018: Supplementary tables, 2020)3. Around half of these emissions are concentrated in 
industrial clusters (BEIS, 2020 - BEIS analysis of the NZIP model, see Annex 4).

Non-iron and 
steel industry

Dispersed 
cement sites

Energy intensive 
(excluding cement)

Less energy 
intensive

Iron 
and steel

Clustered sites

37.6 MtCO2e

25.6 
MtCO2e

12.0 
MtCO2e

4.2 
MtCO2e

12.3 
MtCO2e

17.1 
MtCO2e

Dispersed sites

33.6 MtCO2e

Figure 1.1: Breakdown of current UK industry as considered in this strategy4

This strategy comes at a time of substantial economic challenge and decreased ability of 
companies to invest. COVID-19 has resulted in a fall in production output, exports, and 
turnover growth across many of our industries. In the short term, industry has been able 
to access a range of cross economy government support, and in the longer term we are 
pursuing a green response to this crisis, including through the actions detailed in this 
strategy.

At the same time, there are significant positive changes taking place in the global fight 
against climate change, which will support industry’s net zero transition. In November 
2021, the UK will host the 26th UN Climate Change Conference of Parties (COP26), 
through which we are committed to reaching a constructive, negotiated outcome 
that drives forward collective climate action globally in line with the temperature goal 
of the Paris Agreement. The UK is also implementing and negotiating new free trade 
agreements following our exit from the EU, growing our decarbonisation export and 
collaboration opportunities in turn.

3 The definition of industry used in this strategy differs to that used in the Energy White Paper (2020). For more details see Annex 4.
4 Industry emissions for these segments were derived from the NZIP model which uses NAEI point source as its main data source 
which differs slightly to official statistics that are based on Standard Industry Classification codes.
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Supporting the sectors to reach net zero carbon emissions by 2050 will provide new 
opportunities to level up the economy across all nations and regions of the country. 
Enabling investment in decarbonised technologies can drive job creation and new inward 
investment in the UK, and create new markets for our manufacturers.

Decarbonisation also creates challenges for industry. Many essential low carbon5 
technologies are in earlier stages of development, and not yet deployed regularly at 
a commercial level. Low carbon manufacturing will also be more expensive for some 
sectors, leading to an increase in their costs, and therefore risking a reduction in their 
competitiveness. This creates a risk of “carbon leakage” (Chapter 2), which could impact 
both our domestic and global climate goals. We need to work with industry to overcome 
these barriers in the coming decades. Any action taken will need to be consistent with 
our international obligations, both under the Paris Agreement and wider international 
trade rules.

To meet net zero, our modelling shows industrial emissions will need to fall by at least 
90% by 2050 (Chapter 4), equivalent to taking all the cars off the roads today. Any 
remaining emissions will need to be offset by separate methods, such as planting trees 
and capturing carbon from the air. All industrial sectors will need to act to meet this 
challenge. We need to transform how industry uses energy and makes products, and 
rethink the way consumers buy industrial products. 

Our objectives
Through this strategy, we are aiming to:

• show how the UK can have a thriving industrial sector aligned with the net zero 
target, without pushing emissions and business abroad

• show how and when government will act to support this, while sharing the costs and 
risks fairly between industry, its customers and the taxpayer

• start a conversation with industry, its workforce, customers and communities about 
the future of industry in a net zero world

Every part of the UK has an important role to play in decarbonising industry. There are 
unique challenges to reaching net zero in each of the devolved nations, and some of the 
ambition set out within this strategy may require devolved powers to deliver. We look 
forward to continuing to work collaboratively with the devolved administrations to ensure 
that industry decarbonises across all nations.

5 Carbon dioxide makes up the majority of industrial greenhouse gas emissions, and for simplicity we often refer to “low carbon” 
technologies and policy levers for industrial decarbonisation. However to meet net zero our emissions will have to reduce across all 
greenhouse gasses, and in this strategy “low carbon” should be read as short hand for low levels of all greenhouse gases.
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Our ambition
To keep industry on the journey to net zero, and meet our carbon budgets and nationally 
determined contribution under the Paris Agreement, we expect that emissions need 
to fall by around two thirds by 2035, delivering this in a way that capitalises on clean 
growth opportunities. Annex 4 sets out the modelling and analysis that has informed this. 
Our current expectation is that to meet this we need:

• four of our major industrial regions linked up to the necessary decarbonisation 
infrastructure by 2030

• around 3 MtCO2 of industry emissions captured each year by 2030, the same as 
planting over 500 million trees

• low carbon fuels such as hydrogen, electricity and bioenergy replacing fossil fuels, 
unless combined with carbon capture. To be on track to deliver net zero, we expect 
that the minimum, in all future scenarios, is 20 TWh per year of fossil fuel use 
replaced with low carbon alternatives in 2030

• maximum energy, resource and material efficiency within industry, including the 
adoption of circular economy measures, particularly through the 2020s

• development of a thriving market for low carbon materials

• established approaches to equip workers and local residents to take advantage of 
new opportunities of decarbonising industry

• cooperation with other leading nations and support to the developing world to 
ensure that industrial decarbonisation is happening across the globe

We will revisit these expectations as part of the analysis for the Net Zero Strategy later 
this year, and as relative costs evolve over time. Additionally, in collaboration with the 
Steel Council we will consider the implications of the recommendation of the Climate 
Change Committee to “set targets for ore-based steelmaking to reach near-zero 
emissions by 2035” and the business environment necessary to support the transition.

Our principles
Over the long run, we believe carbon markets are best placed to determine the 
most cost-effective pathways to decarbonisation. But industry faces a range of well 
documented barriers to clean growth, and government efforts so far have not provided the 
framework needed to make decarbonisation viable. We will change the policy landscape 
to overcome these issues, through actions driven by the following principles:

• government intervention should focus on addressing market failures or barriers to 
decarbonisation. Intervention should be technology neutral, and fairly share the cost 
and risk between industry, consumers and taxpayers (Chapter 2 and 3)

• where decarbonisation leads to significant costs that creates carbon leakage risk, it 
should be supported by targeted intervention to mitigate this risk (Chapter 2) 
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• government should play a key role in delivery of large infrastructure projects for key 
technologies (e.g. CCUS and hydrogen networks) where there is a shared benefit 
and the risk or cost is too great for the private sector (Chapter 4)

• government should intervene to deliver specific strategic outcomes in line with wider 
priorities set out in Build Back Better: our plan for growth (Chapters 6 and 8)

These principles inform the commitments in this strategy, and will be the basis for our 
interventions through the 2020s and beyond. Annex 1 collects the full range of delivery 
commitments made in this strategy and Annex 3 sets out how we will deliver our goal of 
achieving four low carbon clusters by 2030 and at least one fully net zero cluster by 2040.

Our approach
Action in the 2020s

We are entering a crucial decade where we will lay the policy and infrastructure 
foundations to enable deep decarbonisation and ensure businesses do not lock in high 
carbon technologies. We also hear the feedback that current policies are complicated 
and overlapping. Our actions in the 2020s will focus on aligning existing policy with 
net zero and putting in place new incentives to fill any policy gaps, to create a clear 
set of incentives that stands the test of time. Through these changes we will create 
the conditions for the first industrial businesses to deeply decarbonise, forging a path 
for other companies to follow. At the same time we will continue to incentivise energy 
efficiency improvements across industry, to ensure emissions targets are met.

For our funding approach, this means having the right schemes in place to support the 
deployment of low carbon technologies. And it means investing in the critical shared 
infrastructure required to deploy these technologies.

For our approach to carbon pricing, this means ensuring the UK Emissions Trading 
Scheme (ETS) sets a cap in line with our emissions targets, and that our policy provides 
the right long-term signals to incentivise abatement across industry. It also means 
ensuring appropriate mitigations for competitiveness are in place that accurately reflect 
carbon leakage risks and do not disincentivise abatement.

For regulation, this means introducing new incentives to address other market failures. This 
includes measures to support the development of the market for low carbon products.

Frameworks for the 2030s and 2040s

In the 2030s and 2040s, deep decarbonisation will set in across industry, building on 
the concrete steps taken in the 2020s. As decarbonisation becomes more widespread, 
government’s role will change. Certainty about the impact and cost of technologies will 
improve, gradually reducing the need for government funding to support deployment. 
Essential foundations such as building infrastructure and maturation of the low carbon 
product market will be completed, further reducing the need for government intervention. 
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Policy Category 2010s 2020s

Carbon Pricing1 UK Emissions Trading Scheme | £309 million (2019)

Climate Change Levy | £510 million (per year)3

Competitiveness 
Support2 

UK ETS Free Allowances | £1.05 billion (2019)

Financial relief for energy-intensive industries (electricity costs) | £470 million (per year)

Climate Change Agreements | £200 million to £300 million (per year)

Demonstration 
Funding2

IETF4 | £315 million

IDC5 | £170 million

Energy Innovation Programme | £505 million Net Zero Innovation Programme | £1 billion

Transforming Foundation Industries | £66 million

Deployment 
Funding2

CCUS / Hydrogen Business Models | TBC

Renewable Heat Incentive | £684 million (per year)6 

Net Zero Hydrogen Fund | £240 million

Clean Steel Fund | £250 million

Industrial Heat Recovery Support | £18 million

Infrastructure2 CCUS Infrastructure Fund | £1 billion

Heat Network Improvement Programme | £320 million

Demand-side1 First DSP7 introduced | TBC

Cost fi gures taken from most recent government publication or announcement unless stated otherwise.
1 Cost to industry
2 Cost to government
3 Estimated cost based on energy consumption. Total CCL cost is £2 billion per year across all sectors, including industry, agriculture, commercial and public services.
4 IETF =  Industrial Energy Transformation Fund
5 IDC = Industrial Decarbonisation Challenge
6 Annual costs were £684 million in 2019-2020, including commercial, industrial and public premises. £1.01 billion total budget for domestic/non-domestic schemes in 2019/2020.
7 DSP = Demand-side policy (see Chapter 3)

Figure 1.2: Industrial decarbonisation policy in the 2020s, with costs
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The 2050 framework

Primary sector decarbonisation incentive

(essential)

Gets existing and new industries to keep 
emissions low so we can meet net zero

Options:

Carbon pricing

Product standards

Carbon leakage mitigation mechanism

(necessary if other countries 
decarbonise more slowly)
Appropriately addresses risks of carbon 
leakage as a result of differences in 
climate policies

Options:

Climate diplomacy

Improving productivity

Treatment of imports

Wider supporting policy framework

(beneficial to support net zero transition)

Enables transition across sector and addresses 
any final barriers

Options:

Skills transition

Energy / resource efficiency 
regulation

Targeted assistance for innovation 
and complex sites

Figure 1.3: Possible industrial emissions policy approaches by 2050
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Government will continue to play a role in reducing emissions. We see emissions 
trading and product regulation policies continuing to form the core levers used to drive 
deployment of low emissions technology through to 2050. Long term, we need to address 
the competitiveness risks arising from such policies that give rise to carbon leakage. 
This will include ensuring that both global and local incentives to decarbonise endure by 
seeking to reduce differences in climate policy between trading partners. For example, by 
closing differentials in global carbon prices as the cap of the UK ETS tightens and fewer 
emission allowances are given for free. As set out in the Net Zero Review Interim Report, 
this could be achieved through a range of policy approaches including climate diplomacy 
and treating imports in ways that seek to compensate for the competitiveness impacts of 
any asymmetries between trading partners’ climate policies. 

Measures to improve productivity could also be implemented to mitigate competitiveness 
pressures. These options are discussed in the Net Zero Review Interim Report. Figure 1.3 
sets out the framework of policy options that could drive abatement in industry by 2050, 
building on work undertaken in the 2020s.

Direct government funding for new abatement projects in industry will decrease in the 
2030s and into the 2040s as, in line with our principles, we increasingly see the market 
driving investment in reducing industrial emissions. Government at a national or local 
level will play a role supporting any necessary training of the workforce as companies 
evolve in the transition to net zero, to ensure we have the skills needed for a low carbon 
industrial sector.
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Overarching 
strategy

• Clean Growth 
Strategy (BEIS 2017)

• Future Spending 
Reviews (HMT)

• Resources and waste 
strategy for England (Defra 
2018)

• Hy4Heat  (BEIS 2018)

• Future UK Free Trade 
Agreements (DIT)

• Transforming Infrastructure 
Performance: Roadmap to 
2030 (IPA)

• National Policy Statement 
for Energy (BEIS)

• Transport Decarbonisation 
Plan Consultation (DfT 2020)

• Hydrogen Strategy 
(BEIS 2021)

• National Infrastructure 
Strategy (HMT 2020)

• Construction Playbook 
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Figure 1.4: Strategy interrelation with other relevant UK government publications
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Progress so far and next steps
Total industry emissions have more than halved over the past 30 years (BEIS, Final UK 
greenhouse gas emissions national statistics: 1990 to 2018: Supplementary tables, 2020). 
Analysis by the CCC suggests this can be explained by a combination of the changing 
structure of the UK’s manufacturing sector, improved energy efficiency, and a shift to 
lower-carbon fuels. However, emissions reductions in industry are slowing, and more 
action is needed if we are going to meet our net zero commitments. 

We have a good policy foundation that can help us meet this challenge. Energy-intensive 
industry has been covered by a cap-and-trade policy in the UK since 2005. In 2015, 
we published the Industrial Decarbonisation and Energy Efficiency Roadmaps to 2050, 
which set out a series of pathways for emissions reductions for energy-intensive sectors. 
Alongside the 2017 Clean Growth Strategy, we published action plans that identified how 
government and industry should work together to enable decarbonisation in line with our 
previous 80% emissions reduction target. 

More recently, we have set out to have the world’s first net zero industrial cluster by 2040, 
launched the new UK Emission Trading Scheme and the Industrial Energy Transformation 
Fund, consulted on commercial support for carbon capture, and announced a £1 billion 
Carbon Capture and Storage Infrastructure Fund and a £240 million Net Zero Hydrogen 
Fund. Annex 2 details the full set of extant UK government policies that support industrial 
decarbonisation. 

Industry is greatly interconnected with the UK’s energy system, and delivering net zero 
in the sectors will have a wide range of interactions with our wider economy as it too 
decarbonises. This strategy builds on commitments in previous government strategies 
and policy consultations, including the 2020 Ten Point Plan for a Green Industrial 
Revolution (Ten Point Plan). It sits in a wider system of strategies that set out how net 
zero will be achieved for the UK as a whole.

We are setting our policy framework for the 2020s now, and will implement this 
over the rest of the decade; driving deep decarbonisation of first movers, energy 
efficiency improvements across sectors, and setting the incentives to ensure a 
smooth transition to net zero for all of industry, taking advantage of the innovation 
opportunities available and retaining competitiveness as we reduce emissions.

This is the start of the journey. We need to stay focused on our overarching net zero 2050 
goal, but respond to feedback and evolve how we get there. We will track emissions 
and other indicators and update on our progress annually. We will build on this 
strategy, updating our actions every five years. (Chapter 9)
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• First businesses begin deep 
decarbonisation

• Building of transport and 
storage networks for CCUS and 
hydrogen commenced

• More UK businesses begin deep 
decarbonisation process, majority 
developing net zero aligned plans

• Low-carbon industrial clusters begin 
to come online

• All UK businesses completed, undertaking or 
fully planned deep decarbonisation process in 
line with net zero

• First net-zero industrial clusters begin to come 
online, businesses outside of clusters access 
shared hydrogen and CCUS infrastructure

•  Business model of capital funding 
and revenue support contract 

•  Energy efficiency measures 
undertaken funded in part by the 
Industrial Energy Transformation 
Fund (IETF)

• Competitively allocated business model 
contracts, phase-out of upfront funding

• ETS cap tightening with reformed leakage 
mechanism, and cost of technology 
reducing 

• Implementation of demand-side policies to 
support consumer decision making

• ETS cap and/or product standards limit 
emissions, with leakage mechanism 
established in Phase 2

• Wider demand-side policies in place to 
support consumer decision making

• ETS cap and trajectory set to 
deliver net zero in traded sector – 
free allocation mitigates against 
leakage risk

• Other funding streams support 
technology innovation

• Development of policies to enable fuel 
switching to hydrogen and electrification

• IETF and other funding streams supporting 
additional abatement begin to phase out

• More comprehensive smaller policy 
interventions remain to mitigate other 
barriers (e.g. retrofit ready)

• Policy interventions to support net zero 
transition across economy (e.g. skills 
transition support)

Phase 1

State of emissions in industry

Business case for decarbonisation

Wider government policy development

Phase 2 Phase 3
Establishing and developing 
policy framework to kick-start 
industry net zero transition

Developing and finalising our 
policy framework to support 
wider industrial decarbonisation

Long-term steady deep 
decarbonisation ongoing 
across all industry sectors

Figure 1.5: Phases of industrial decarbonisation
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Reducing industrial emissions to net zero is a commercial challenge. In many 
cases, the financial cost of making low carbon industrial products will be 
higher than the carbon intensive production methods used now. In all cases, 
the costs associated with decarbonising industry are uncertain and will be 
influenced by factors such as fuel prices, costs of new equipment and the 
proximity of industrial sites to shared infrastructure or other industrial users. 
We want to support existing industry and encourage the growth of new, low 
carbon sectors in the UK. To achieve this, we need to help make low carbon 
investments become a viable option for industry, meeting industry’s need 
for short term pay back on investment. Aligning with the principles set out in 
the government’s Net Zero Review Interim Report, we need to consider how 
costs of net zero can be shared fairly between the taxpayer, industry and 
its customers. 

In the long run, markets will be best placed to determine the most cost-effective 
pathways to decarbonisation. Throughout the next decade, government will need to 
help overcome a number of different market failures and barriers to entry that prevent 
industry from securing investment needed to start the low carbon transition. Three levers 
will be key to any policy framework designed to unlock investment in the technologies 
we need to decarbonise industry – as set out in Figure 2.1. An ambitious UK Emissions 
Trading Scheme (UK ETS) cap will send a clear signal to the market that this government 
is committed to reaching net zero. While risks associated with low carbon investments 
remain high, or if the carbon price is low, targeted government funding mechanisms will 
pull through investment from the private sector for the deployment of technologies. A 
reformed approach to mitigating carbon leakage, adapting over time to reflect a tighter 
ETS cap alongside increased deployment of low carbon technologies, will ensure our 
global and domestic climate goals are met, while supporting the growth of low carbon 
manufacturing in the UK.

An effective carbon-
pricing mechanism 
sends a clear market 
signal

Funding mechanisms 
over-come barriers to 
securing private sector 
investment

Policy reform mitigates 
risk of carbon leakage 
for specific sectors 

Figure 2.1: A framework to unlock investment in low carbon industry

Over time, we expect that costs of deploying new technologies for industry will fall. This 
reflects experience in the offshore wind sector, where the government’s Contracts for 
Difference scheme for low carbon electricity delivered investment and significant cost 
reductions, with costs of offshore wind falling by two-thirds in the past five years (HM 
Government, Ten Point Plan, 2020). Other barriers faced by industry, associated with risk, 
or coordination, will also be addressed, reducing the need for direct government support. 
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The policies set out in this chapter will adapt in a way that reflects changes in the market, 
to ensure that any government support guarantees value for money for the taxpayer, 
while industry and its customers pay a fair price for their emissions. 

To help drive investment in low carbon industry, government will:

Action 2.1: Use carbon pricing as a tool to send a clear 
market signal, providing certainty over our net zero 
ambition for industrial sectors
Carbon pricing is a cost-effective and technology-neutral tool for getting industry to take 
account of its emissions in business decisions. Pricing policies like the Carbon Price 
Support and EU Emissions Trading System (EU ETS) have helped drive a switch from coal 
to gas generation in the power sector, and the UK ETS will be a key part of the framework 
to reduce emissions from industry. 

In January 2021, we established a UK ETS to replace the UK’s participation in the EU 
ETS. To reflect our ambition on carbon pricing, the cap on allowances – which represents 
the overall limit of emissions allowed in the system – will be aligned with the UK’s net zero 
ambition by January 2024. In 2021, we will carry out a review of the UK ETS. This will 
include consulting on a net zero consistent emissions cap; reviewing the long-term role of 
free allowances; exploring expanding the scope of the scheme to cover more sectors of 
the economy and linking with other schemes internationally; and considering the case for 
a supply adjustment mechanism.

Some industrial businesses, or facilities within an installation, will remain out of scope 
of the UK ETS at this time. For those businesses, we expect the Climate Change Levy 
(CCL) and action agreed through the Climate Change Agreements (CCA) scheme to act 
as a driver for energy efficiency improvements and decarbonisation. The CCA scheme 
has recently been extended by two years, providing significantly reduced CCL rates 
until March 2025 for participants who meet their targets. We intend to undertake further 
assessment of the purpose and targeting of a long-term scheme following the extension, 
informed by the responses to last year’s consultation.

Action 2.2: Put in place funding mechanisms to support 
deployment and use of CCUS and low carbon hydrogen 
infrastructure
CCUS will be crucial to reaching net zero, and low carbon hydrogen has the potential to 
play a key role in enabling the economic transformation of the UK’s industrial regions. 
With both technologies at early stages of development, government will need to play 
an active role in overcoming market failures; sharing the risk and costs of scaling up 
deployment of both CCUS and low carbon hydrogen. 

1608  



Chapter 2

30

Throughout the early 2020s, we will support the engineering and technical design 
elements of decarbonisation projects across the UK’s industrial clusters through UK 
Research and Innovation’s (UKRI) Industrial Decarbonisation Challenge. Throughout 
the 2020s and 2030s, further support to develop markets for these technologies will be 
necessary. We have already committed to a £1 billion CCS Infrastructure Fund to provide 
industry with certainty required to deploy CCUS at pace and scale, alongside a £240 
million Net Zero Hydrogen Fund. Later this year, we will bring forward further details of 
the revenue mechanism that will support business models for both industrial carbon 
capture and low carbon hydrogen projects. 

Industrial carbon capture

We are already working with industry to develop an industrial carbon capture contract. In 
December 2020, we set out our ‘minded-to’ position on the commercial business model 
designed to incentivise deployment of carbon capture technology for industry. For first of 
a kind projects, we expect the model to cover operational costs, transport and storage 
fees and a rate of return on capital investment, with an element of capital co-funding 
for initial projects. The model will be based on the Contract for Difference model with, 
for initial projects, a pre-defined, fixed trajectory for the reference price, coupled with a 
bilaterally negotiated strike price that is intended to reflect the actual costs of capture. As 
carbon capture is established and the low carbon market matures, it is intended that the 
reference price would evolve to the market-driven carbon price. We plan to finalise the 
industrial carbon capture business model in 2021 and to implement it in 2022.

Price

Government interventions, 
such as CfDs provide a 
means to bridge the gap 
between the market price 
and negative emission costs

Market price of 
emission allowances

Cost of CCUS 
technologies

(illustrative)Time

Figure 2.2: Illustrative example; CCUS costs fall over time.
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Transport and storage

Carbon dioxide transport and storage networks are fundamental to supporting efficient 
and cost-effective decarbonisation of industry. They also offer a pathway for negative 
emissions through Bio-Energy CCUS (BECCS) and Direct Air Capture with Carbon 
Sequestration (DACCS). In our December 2020 update on CCUS business models, we 
set out plans to publish a carbon dioxide Transport and Storage Regulatory Investment 
business model. The regulatory framework will support a stable, predictable and index-
linked model which will underpin investment returns so that carbon capture can play a 
role in the UK’s economy, supported, where needed, by appropriate levels of government 
intervention (BEIS, CCUS: an update on Business Models, 2020).

Low carbon hydrogen

The government’s Ten Point Plan confirmed that a £240 million Net Zero Hydrogen Fund 
will provide capital co-investment for early low carbon hydrogen production projects. The 
December 2020 update on CCUS business models also included an update on our work 
on hydrogen business models and summarised our approach to developing business 
models that aim to overcome the cost gap between low carbon hydrogen and higher 
carbon fuels, such as natural gas. We have committed to a consultation on preferred low 
carbon hydrogen business models in Q2 2021, with a final model to be agreed in 2022. 
We have also committed to setting out further details on the revenue mechanism to fund 
our hydrogen business model later in 2021. 

Alongside work on business models, we are considering the role that fuel standards can 
play in helping industry invest in low carbon alternatives. We are gathering evidence on 
the emissions associated with different hydrogen production technologies and will work 
with industry to develop a UK standard that defines low carbon hydrogen. Further details 
will be provided in the UK Hydrogen Strategy.

Action 2.3: Establish the right policy framework to 
ensure uptake of fuel switching
While CCUS will be critical to achieving net zero, fossil fuels (gas, coal and oil) will also 
need to be replaced with low carbon alternatives such as low carbon hydrogen, electricity 
or biomass (primarily with CCUS). Industry face barriers to fuel switching (set out in 
detail in Chapter 4) and we acknowledge that there may be a role for government to 
support uptake of fuel switching, beyond the business models for low carbon hydrogen 
set out in the previous section. During 2021, we will review the existing policy landscape 
and assess the impact that barriers have on business decisions about investing in 
electrification and biomass (primarily with CCUS) technologies. We will also consider 
how industry can make use of smart technologies, such as storage and demand side 
response, to provide flexibility to the system, helping industrial consumers use energy 
when it is cheapest and cleanest.

By the end of 2021, we will set out any initial steps that the government will take to 
support the uptake of electrification and biomass (primarily with CCUS) for industry.
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Energy costs

We recognise that the UK’s industrial electricity costs are currently higher than those 
of some of our competitors, which partly reflects how the costs of the electricity 
system are distributed across household and industrial customers. We have taken 
steps to reduce the cumulative impact of energy and climate change policies on 
industrial electricity prices for eligible sectors. The total package of compensation and 
exemptions from electricity policy costs was worth over £470 million in 2019, through 
compensation for indirect costs of the EU ETS and Carbon Price Support, as well 
as exemptions for Contracts for Difference, Renewables Obligation and small-scale 
feed-in-tariffs. The UK’s industrial gas prices are competitive; gas prices for medium 
industrial users were the fourth lowest in the EU15 in the second half of 2019. 

As set out in the Energy White Paper, fairness sits at the heart of our approach to 
decarbonising the energy system. We want households and businesses to be confident 
that all energy users are fairly sharing in the benefits and costs of the UK’s transition 
to net zero. To help make this happen, we will publish a call for evidence by April 
2021 and begin a strategic dialogue between government, consumers and industry on 
affordability and fairness in our energy system.
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Action 2.4: Take initial steps to create a market for 
negative emissions technologies
Our pathways modelling demonstrates that there will be a small amount of residual 
emissions (about 6 Mt CO2e) that will need to be offset through a combination of different 
greenhouse gas removal (GGR) measures. GGR technologies include afforestation as well 
as innovative technologies including DACCS and BECCS. 

In June 2020, the government announced up to £100 million of new research and 
development funding to help develop direct air capture technologies in the UK. This will 
support the development of GGR technologies to help them achieve commercialisation. 
In December 2020, we launched a call for evidence on GGRs, to strengthen the 
government’s evidence base on the viability of different GGRs in the UK and the role 
of government in addressing market barriers and stimulating the development and 
deployment of GGRs. We will use responses from this call for evidence to inform the 
government’s future policy in this area, including considering how the UK ETS could be 
developed to incentivise deployment of GGRs. 

Case study: Chemicals sector decarbonisation

The chemicals sector will be a vital part of the net zero economy. A large proportion 
of the manufacturing sector uses chemicals to make products such as batteries, 
wind turbine blades and solar panels, lightweight materials for transport and fuels 
such as hydrogen. In 2020, the Chemical Industries Association published their report 
‘Accelerating Britain’s Net Zero Economy’, setting out how the sector can provide a 
direct and indirect contribution to reaching net zero. Working closely with government, 
the chemicals sector can benefit from policy designed to deploy new technologies in 
industrial clusters across Scotland, Wales and the North of England, as well as the 
demand-side mechanisms we discuss in Chapter 3.

Action 2.5: Establish a targeted approach to mitigating 
carbon leakage
Managing the trade-off between driving change as we seek to meet our domestic and 
global climate goals and keeping businesses competitive is key to achieving a successful 
transition to low carbon industry. 

As the UK transitions to net zero, there will be implications for the competitiveness of 
UK businesses. Some businesses will benefit from new export opportunities (Chapter 7), 
but others could face competitiveness concerns if other countries do not decarbonise as 
quickly as the UK. These changes could lead to carbon leakage. 

Carbon leakage is when policies achieve their goal of lowering emissions in one 
jurisdiction but drive some companies to move production or reallocate investment to 
other countries with less ambitious greenhouse gas emissions reduction policies. This 
could lead to an increase in overall global emissions, and a worse outcome for climate 
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change. The risk of carbon leakage depends on several factors, including each sector’s 
costs of decarbonising, how many emissions they produce, how much a sector trades 
internationally, and climate and business environment policies in other countries.

Carbon leakage can arise through several channels. In the context of industrial 
decarbonisation, we are particularly concerned with: 

• domestic producers losing market share to higher carbon imports as a result of 
higher domestic carbon costs than those faced by international competitors

• diversion of investment from countries with more ambitious carbon constraints to 
those with less ambitious ones, leading to increased emissions

Leakage is first and foremost an environmental issue, but it is also an obstacle to a 
fair and level global playing field for businesses. Industry should not wrongly lose their 
competitiveness because of their exposure to more stringent emissions targets than their 
global competitors. 

Beyond immediate climate policy, there are wider circumstances that affect the 
competitiveness of UK industry, and can also lead to investment moving abroad. ‘Build 
Back Better: our plan for growth’ sets out the government’s plans to support growth 
across the economy through significant investment in infrastructure, skills and innovation, 
in a way that enables net zero. As cited above, we will publish a call for evidence later this 
year on affordability and fairness in our energy system. Net zero is a shared commitment 
across all of government and a consideration of climate change impact will need to be 
embedded across all future policy making.

Current approaches to mitigating leakage

Historically, the UK’s approach to mitigating carbon leakage risk has been through 
issuing free allowances under the EU ETS and providing energy-intensive sectors 
with compensation for increased energy costs. We recognise this approach may 
overcompensate for the risk of leakage, and as we further develop our policy framework, 
we want to ensure that carbon leakage policies are better targeted. 

Under the UK ETS, a proportion of allowances are also allocated for free, with the initial 
approach similar to that of the EU ETS (Phase IV). The UK ETS 2021 review will include 
considering the role that free allowances play in mitigating carbon leakage as we move 
towards net zero.

Developing an evidence base

Research undertaken for government in 2020 found limited empirical evidence of carbon 
leakage to date. These results can in part be attributed to historically low carbon prices in 
many jurisdictions, as well as the proactive use of measures to limit the leakage risk and 
competitiveness impacts, as described above (BEIS, UK Business Competitiveness and 
the Role of Carbon Pricing, 2020).
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As UK policy becomes more ambitious and world-leading in line with our emissions 
reduction targets, the risk of leakage may increase, particularly for high emissions intensive 
and trade exposed sectors. Long term we envisage that as costs of decarbonisation 
technologies go down, our key global trading partners will also take action to reduce 
domestic emissions, and through that the risk of UK industry leakage will decrease.

We have developed a framework to assess the competitiveness of UK sectors and the 
impact of carbon pricing (BEIS, UK Business Competitiveness and the Role of Carbon 
Pricing, 2020). We will build on and apply this framework to better understand the impact 
that government policy, including on carbon pricing, compensation schemes and other 
measures has on the competitiveness of different industrial sectors.

Considering a range of carbon mitigation policies

There are a range of levers available to government to mitigate the risk of carbon leakage. 
Some policies we are pursuing will provide some leakage mitigation alongside their 
primary objective, for example funding policies that reduce the cost of decarbonisation, or 
demand-side policies that enable greater passthrough of costs to consumers (Chapter 3). 

In the immediate future, government’s preferred method for mitigating the risk of carbon 
leakage will continue to be free allocation of UK ETS emissions allowances, which 
will be decreasing throughout the 2020s. We are exploring the impacts of a net zero 
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consistent cap trajectory and the most appropriate way to mitigate the risk of carbon 
leakage and adverse effects on UK industrial competitiveness as part of the review into 
free allocations. We have opened a call for evidence on how our use of free allocation 
can better incentivise decarbonisation and mitigate the risk of carbon leakage for 
energy-intensive, trade-exposed industries.

The UK will continue to holistically consider the full set of policies, both in existence 
and in development, as part of our future trade and carbon leakage mitigations policy 
development. In the longer term, particularly in the 2030s and 2040s, a range of wider 
measures could be deployed to address leakage risks for industry, primarily falling into 
the categories of:

• climate diplomacy: continuing work with other countries and multilateral bodies to 
align our approaches and minimise the differentials that create a leakage risk

• treatment of imports: seeking to mitigate the competitiveness impacts of any 
asymmetry in domestic and international emissions mitigations policies

• improving productivity: boosting the competitiveness of UK sectors and making 
them more resilient 

We will analyse options and impacts over the next few years, alongside the government’s 
Net Zero Review, which will build on the analysis of the risks of carbon leakage and 
competitiveness that could arise from the transition to net zero.

In considering carbon mitigation policies, the UK will also take account of their wider effects 
on international trade and investment. The UK is committed to promoting free and fair 
trade and ensuring that its policies are consistent with our international trade obligations, 
including at the World Trade Organization (WTO) and our international trade agreements.

Action 2.6: Work with stakeholders to understand how 
an EU Carbon Border Adjustment Mechanism could 
affect the UK
As part of the EU Green Deal, the EU’s Carbon Border Adjustment Mechanism 
(CBAM) proposal is expected in June 2021. Little detail has been provided on what the 
mechanism would look like in practice, although options considered in the consultation 
included a tax on imports; extension of the EU ETS to non-EU operators; and a new 
consumption-level tax. The EU plans to discuss carbon leakage with WTO members, 
including the UK, with a view to agreeing a ministerial statement at the WTO Ministerial in 
December. We will work with business, academic and government stakeholders in the EU 
and UK to understand how such a policy would affect UK industry, and are committed to 
ensuring our businesses do not face any unreasonable barriers to trade, given the UK and 
EU’s shared high levels of climate ambition.
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A key barrier to reaching net zero is fairly distributing the costs of 
decarbonisation between the taxpayer, industry and consumers of industrial 
products. Deploying low carbon technologies will likely mean that the 
resulting low carbon products will be more expensive to manufacture, unless 
supported by government fiscal interventions such as carbon pricing. Since 
cheaper, carbon intensive products will continue to be available at least in 
the short-term, action needs to be taken to support the development of a 
market for low carbon products. This will complement fiscal action to reduce 
the risk of carbon leakage set out in Chapter 2. 

Analysis suggests the cost increase in consumer products from the switch to 
using low carbon industrial materials and components will be relatively low (Energy 
Transitions Commission, Mission Possible, 2018). Government can support low carbon 
manufacturers by implementing policies that aim to increase overall demand for low 
carbon products (“demand-side” policies), without significantly impacting the cost to 
end consumers. There are two key obstacles which can be addressed through new 
government action:

• first, there is a lack of information about the carbon intensity of industrial products. 
There may be consumers who are willing to pay more for low carbon products, but 
are not currently able to identify them. Consumers need a simple way to recognise 
low carbon products, and a better understanding of how they can use their 
purchasing power to support the transition to net zero

• second, carbon-intensive products are currently cheaper than low carbon 
alternatives. In the long-term, demand-side policy can play a key role in making low 
carbon products competitive, helping the development of the market and mitigating 
the risk of carbon leakage

By putting measures in place to address these barriers, government can help to develop 
a market and boost demand for low carbon industrial products. Over time the market for 
low carbon products can become self-sustaining, becoming a driver of decarbonisation in 
and of itself.

Design principles for demand-side measures
We want to use demand-side measures to increase industry confidence in the profitability 
of decarbonisation and to support consumers to make low carbon choices. To be 
successful, the measures we introduce should:

• support industry to share the cost of decarbonisation with consumers 

• create incentives for emissions reductions which are balanced across industry

• apply equally to domestically produced and imported products to ensure a level 
playing field

1617  



Chapter 3

39

• be adaptable according to the needs of different sectors

• be technology-neutral to allow for the possibility of future innovation

• work in harmony with other policies, such as carbon pricing, energy efficiency and 
business models for low carbon technologies

• be suited to a joint approach between the UK and other countries pursuing 
similar goals

Scope for demand-side measures
Industrial products cover a huge range of goods, from intermediary products 
manufactured from raw materials such as steel and cement, through to final consumer 
products such as vehicles and appliances. Focusing our policies at the right point in this 
complex chain will be essential to effect the change we want to see. We will focus on two 
crucial parts of the supply chain: 

Intermediary product manufacturer: government will support the decarbonisation of 
intermediary industrial products, so that the supply chain is gradually supplied with green 
materials that trickle down to make up greener final products. 

End-product consumer: government will encourage consumers to make informed 
choices about the environmental impact of products, creating pressure feeding upwards 
to encourage greener purchases throughout the supply chain.

Defining low carbon products

A shared definition of what is meant by a “low carbon” industrial product is essential for 
the development of demand-side policies and will help industry know what to aim for 
when reducing emissions in their manufacturing processes. There has been significant 
progress on this issue already, and a range of voluntary definitions and standards have 
been developed by industrial groups and academia, particularly in the construction 
sector. However, take up of these definitions is generally limited, and there are few 
examples where they have become standardised across a sector.

For the purposes of this strategy, when we talk about low carbon industrial products, 
we mean products manufactured producing fewer, or even zero emissions. However, 
further work will be needed define low carbon products in a way that is measurable and 
comparable, for the implementation of demand-side measures.

In developing this definition, we will be looking at the embodied emissions of products. 
But we are also interested in the entire lifecycle of these products and their impact on 
the environment – whether they are made of recycled material, their recyclability or 
repairability, and emissions they produce during the in-use phase. Any definition of a 
low carbon product will need to take these, and other relevant factors, into account.
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To help support the development of a market for low carbon industrial products, 
government will:

Action 3.1: Develop proposals to improve data 
transparency
To develop the market for low carbon products, we need increased data transparency 
so that the embodied carbon in industrial products can be accurately determined. This 
is a complex task; UK businesses already have to meet a range of emissions reporting 
requirements, most notably through compliance with the UK ETS and Streamlined Energy 
and Carbon Reporting, as well as forthcoming regulations government is proposing to 
require climate-related financial disclosures. 

However, current systems were not designed to provide information to calculate the 
emissions associated with individual products. More or better data may be needed in 
order to introduce demand-side policies. To understand how this can be achieved with 
minimal additional burden to industry, we will launch a call for evidence on low carbon 
industrial products within the next year, which will cover data collection for the 
development and delivery of demand-side policies. 

Based on the results of this call for evidence, we will develop a proposal by 2023 
for how any necessary reporting could best be achieved. This system would form 
the bedrock of the demand-side measures we will introduce later this decade. We are 
committed to ensuring that this system is streamlined, is user-friendly and places the 
least possible additional burden on industry.

Action 3.2: Develop proposals for new product 
standards
Our review of data reporting will inform our understanding of the embodied carbon 
in industrial products across the market. Our upcoming call for evidence will also 
consider how we can define low carbon products. 

Definitions of low carbon products could be used to develop a voluntary product 
standards system for key intermediary industrial products. Under this system, 
manufacturers meeting the standards set by government would receive accreditation 
certifying their products as lower carbon than the norm in the market. This would enable 
manufacturers to clearly distinguish their products from high carbon competitors and 
could provide an opportunity for organisations who have already laid the groundwork 
on sectoral definitions of low carbon products to gain government endorsement 
of their work. We will consider the benefits of a voluntary product standards 
system following the results of the call for evidence, with a view to their potential 
introduction by 2025.
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If a voluntary standards regime is pursued, we will work with industry in the coming 
years to agree definitions, ensuring standards are tailored to the product and how it 
is manufactured, without compromising the safety or suitability of materials used in 
construction and infrastructure.

Beyond voluntary product standards

The use of mandatory standards is one medium-term mechanism which could be used 
to drive reductions in industrial emissions. Mandatory standards can be used differently 
to voluntary standards to set an upper limit on the emissions associated with industrial 
products, as opposed to recognising the best performing manufacturers in the market.

If government chooses to pursue a mandatory standards regime, and potential legal 
and trade barriers can be overcome, mandatory standards could be introduced in 
some sectors over the course of the mid to late 2020s. Initially this would be aimed at 
intermediate industrial products, but the potential for expanding product standards 
to other stages in the supply chain will be explored. Out to 2050, mandatory product 
standards could become incrementally more stringent as the definition of a low 
carbon product narrows, supporting our carbon pricing policy in driving industrial 
decarbonisation. Further research and analysis, as well as public consultation would be 
required before this policy could be introduced.

Action 3.3: Develop proposals for product labelling
Low carbon industrial products are often identical to carbon-intensive alternatives; for 
example, a low carbon glass bottle will perform the same function as a glass bottle 
produced with high emissions. The ability to assess the embodied emissions of products 
will provide a new opportunity to give consumers greater detail on the climate impact of 
their purchases. 

We will develop a proposal for a new labelling system for intermediary industrial 
products reflecting their impact on the environment, which could be implemented in 
the mid-2020s. In developing this proposal, we will consider whether existing certification 
systems such as Environmental Product Declarations, could be used or made mandatory. 
We will also consider which sectors are most suitable to be covered by a labelling 
system, and how the sectoral scope could broaden over time. This will be subject 
to further research and analysis on the impact and benefits of such a system, which 
government will undertake over the next year.

We will also consider expanding existing labelling for consumer products, such as 
vehicles and appliances, to include an assessment of embodied emissions from the 
mid-2020s onwards. We will test different methods of doing this, including examining 
the use of lifecycle assessments. Any label on a final product will need to be easily 
understood and used by consumers, building on existing labelling approaches such as 
energy efficiency labels currently required for energy-related products such as fridges 
and dishwashers. We will also consider ongoing work on resource efficiency labelling, for 
which powers are being obtained under the Environment Bill.
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2021-2022: Call 
for evidence on 
emissions reporting 
and defi ning low 
carbon products

By 2025: Voluntary 
low carbon product 
standards could be 
introduced

Mid-2020s onwards: 
Potential expansion 
of consumer product 
labelling

2030s onwards: 
Mandatory low carbon 
product standards 
could become 
incrementally more 
stringent over time

By 2023: Proposal for 
improved emissions 
reporting system

Figure 3.1: Timeline of product standards commitments

2025: New 
product labelling 
for intermediary 
industrial 
products could be 
introduced

Mid to late 2020s: 
Mandatory low 
carbon product 
standards could be 
introduced

2021 2025 2030 2035

 Commitments on 
emissions reporting

Commitments on 
product standards

Commitments on 
product labelling

 Key:

Figure 3.1: Timeline of commitments

Case study: Construction materials: Increased circularity and resource efficiency

The construction sector is one of the biggest purchasers of industrial products, using 
significant quantities of energy-intensive materials such as steel and concrete to build 
the buildings and infrastructure of a modern society. A range of initiatives have been 
developed by the sector to reduce emissions, including the adoption of a standard to 
manage carbon in infrastructure projects (PAS 2080), as well as new tools aimed at 
influencing procurement decisions away from lowest cost such as the Construction 
Leadership Council’s Procurement for Value work. One example of a project using 
energy and resource efficiency measures is the Thames Tideway Tunnel, which is 
currently under construction. Through resource efficient design and the use of waste 
materials in construction, the project is predicted to be completed at reduced cost 
and with a lower level of embodied carbon. The measures are projected to save 2,000 
tonnes of material, equivalent to 31% of the original design, with 1,379 tonnes of CO2e 
being saved as a result (Business in the Community, Advancing Circular Construction, 
2020).

Action 3.4: Use public procurement to drive change
Government spent a total of £292 billion on procurement in 2018/19 (HM Treasury, 
Public Expenditure Statistical Analyses 2019, 2019). In 2018/19, government spent at 
least £81 million on procuring UK-made steel (BEIS, Steel public procurement, 2020). As 
a significant buyer of industrial products for construction and defence, government can 
directly increase demand for low carbon products. 
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Procuring low carbon materials for public projects will likely be more expensive, at least 
initially, compared to the high carbon alternatives, but should not lead to significant 
increases in end-product cost. For example, using green steel in the manufacture of a 
car has been estimated to add less than 0.5% to the final cost of the vehicle, (Rootzén 
and Johnsson, Paying the full price of steel, 2016) and using deep-decarbonised cement 
is estimated to increase the cost of a residential building by a maximum of 1% (Rootzén 
and Johnsson, Managing the costs of CO2 abatement in the cement industry, 2016).

Ahead of COP26, the UK is developing a new initiative under the Clean Energy Ministerial, 
supported by the United Nations Industrial Development Organisation and several 
leading countries. This initiative will explore the role of coordinated action on public 
procurement to create demand for green industrial products. We want to bring 
together a coalition of willing countries to set out a collective intention to use public 
procurement to drive the adoption of green practices, underpinned by a common plan 
and timetable to collaborate and coordinate our actions. 

By acting together, countries can increase the demand pull for low carbon products, 
helping to achieve economies of scale and drive down costs for all, reducing the risk of 
carbon leakage and allowing a broader market to develop. International collaboration will 
support our work to deliver our net zero target. Changes in public procurement behaviour 
offer an important opportunity to accelerate the adoption of low carbon products in the 
coming decades.

There are existing measures in place to allow us to consider broader environmental and 
societal impacts within the commercial process in the UK. This includes Social Value, 
Balanced Scorecard and the Greening Government Commitments. These measures will 
be strengthened by forthcoming definitions of low carbon products, and the development 
and implementation of low carbon product standards and labelling (see Actions 3.1, 3.2 
and 3.3). This will ensure a systematic approach is taken to achieving net zero by 2050.

Ongoing procurement reform 

Government is in the process of reforming public procurement policy to reflect our 
values and respond to national priorities.

Green Paper on procurement reform

The end of the transition period provides a golden opportunity to reform the UK’s 
public procurement regulations, to make public procurement simpler and better able to 
meet the needs of this country, while still complying with our international obligations. 
Our aim is for bold reforms that improve commercial outcomes, deliver simplification 
and flexibility, reduce administrative burdens, drive innovation, get small and medium 
enterprises winning public sector business and provide more transparency. On 15 
December 2020, Cabinet Office published a Green Paper consultation on Transforming 
Public Procurement ahead of bringing forward primary legislation in the summer. The 
Green Paper includes a number of proposals to enable procurement to better deliver 
government policy and maximise societal benefits, such as amending the basis on which 
contracts are awarded from most economically advantageous tender (MEAT) to most 
advantageous tender (MAT) and retaining the requirement for criteria to be linked to the 
“subject matter of the contract” but allowing specific exceptions set by government.
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National Procurement Policy Statement 

The government will publish a National Procurement Policy Statement setting out 
national priorities of strategic importance in public procurement, including tackling 
climate change. The government intends to legislate to require all contracting 
authorities to have regard to these priorities in their procurement and commercial 
activities. 

Action 3.5: Support businesses to make greener 
choices
Alongside government, the private sector can create demand for low carbon industrial 
products. We want to ensure that businesses have the knowledge and resources 
available to make greener choices as low carbon products become more widely available.

We want to help private companies combine their purchasing power by facilitating 
the formation of voluntary buyers’ alliances. By acting together through buyers 
alliances, businesses could benefit from economies of scale while supporting demand 
for low carbon products. We will engage closely with stakeholders to understand how 
government can bring businesses together to achieve this outcome.

International cooperation
Efforts to create a market for low carbon products can benefit significantly from global 
collaboration. A joint green procurement approach would increase and consolidate 
demand for low carbon products, improving investors’ confidence in decarbonisation. 
Shared definitions of low carbon products and common product standards can simplify 
processes for industry and make international trade between countries smoother. 

The UK intends to be a key player in a coalition of progressive countries leading the way 
for the rest of the world in seeking a joint approach on creating demand for low carbon 
products. We will use key upcoming international meetings, including COP26, to seek 
joint commitments on these issues. More information on our approach is set out in 
Chapter 7.
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A net zero target requires a major change in how industry makes goods and 
consumes energy. This transformation is unprecedented in terms of scale, 
pace and cost. Based on what we know today, our analysis shows that net 
zero for industry is likely to mean: 

• Overall, we expect that emissions need to fall by about two thirds by 2035 and by at 
least 90% by 2050, compared to today’s level6. The remaining emissions will need to 
be offset by GGR technologies

• Efficiency maximised to make best use of energy and materials, including how 
materials are used, repaired and recycled (Chapter 5)

• Carbon capture usage and storage playing a vital role. We expect that, in all future 
scenarios, around 3 MtCO2 is the level of capture required in industry by 2030 to be 
on track to deliver net zero

• Low carbon fuels such electricity, hydrogen and bioenergy replacing fossil fuels, 
unless combined with carbon capture. To be on track to deliver net zero, we expect 
that the minimum, in all future scenarios, is 20 TWh per year of fossil fuel use 
replaced with low carbon alternatives in 2030.

This is our expectation with current information, and we will revisit this as part of the 
analysis for the Net Zero Strategy later this year and as relative costs evolve over time.

By the mid-2020s, we will already see change on the ground, notably our first two 
clusters connected to infrastructure for capturing, transporting and storing carbon 
dioxide, supported by the £1 billion CCUS Infrastructure Fund and our new CCUS 
business models. In another five years, we aim to have another two clusters connected, 
as well as low carbon fuels being tested and adopted across many industrial users. 

With a challenge of this scale, a successful strategy means being adaptive as we learn 
more about decarbonisation and the future shape of industry, but not losing sight of our 
goals. Our future decisions will be guided by these principles:

• align with the UK’s carbon budgets and Paris Agreement commitments, and help us 
reach our goal of achieving four low carbon clusters by 2030 and at least one fully 
net zero cluster by 2040

• support adoption of technologies we know we need (“low regret action”) and avoid 
locking in high carbon production methods

• where there is more than one technology solution, allow industrial sites to choose the 
best one for them (“technology-neutral”)

• minimise the cost of the transition by building infrastructure in the clusters first, 
where multiple industrial sites can use it, including the industrial sectors of the future

• reflect industry’s needs in decisions about the whole energy system, especially the 
gas and electricity grids

6 Relative to emissions in 2018.
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Efficiency  1  2

 3

 4  5  6

CCUS  7  8

 9

 10

Fuel switching  11

 12

 13

 14

 15

   CCUS operational in two clusters (Mid-2020s)
   Four low carbon clusters (2030)
   Industrial emissions reduced by two thirds (2035)
   Share of low carbon fuels increases to around half of total industrial energy consumption (2035)
   First net zero cluster (2040)

2020 2025 2030 2035 2040 2045 2050

Low regret actions in the 2020s
Main focus of this strategy

Uncertainty in the mix of technologies in later decades
Actions will need to be reviewed in response to innovation, 
wider system changes and demand changes

 Efficiency

1 Development of industrial digital technologies
2 Increased reuse, recycling and substitution of 

materials within industry
3 All sites adopt EE technologies with low 

payback times already available in the market
4 Widespread implementation of improved 

energy management system
5  Smart metering widely adopted in industry
6 Heat recovery maximised in sites operating 

with high temperatures

 CCUS

7 Build CCUS network infrastructure in the first 
two clusters

8 CCUS infrastructure expanded to additional 
clusters

9 CCUS networks expanded to remaining 
clusters and beyond dispensing on technical 
development

10 Demonstration of CO
2

 capture across a range 
of industries

 Fuel switching

11 Testing hydrogen as a fuel for heating in 
industrial process

12 Widespread fuel switching (chosen technology 
depends on various factors) across clusters

13 Fuel switching extends to dispersed sites 
(hydrogen vs electrification depends on system 
changes such as repurposing the gas grid)

14 Installation of commercially ready electrification 
options in low temperature applications

15 Development of high temperature electrification 
technologies

Icon denotes milestones which require developments in innovation (Chapter 6)

Key:

Figure 4.1: Overview of technology strategy for the next three decades
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Our technology strategy is summarised in Figure 4.1, showing the timing of the 
technological changes we need to get to net zero. The first part outlines the low regret 
actions in the 2020s, a critical decade to start deploying low carbon technologies at scale 
and building the necessary infrastructure to support them. Large scale infrastructure 
projects have long lead times and require co-ordination across multiple parties, which 
is why we are planning them today. The second part outlines the strategic choices for 
government and industry in the 2030s and beyond. We will keep the strategy relevant in 
light of changes in technologies and industries by reviewing the actions in this document 
every five years (Chapter 9).

The technology strategy is based on the pathways modelling explained in Annex 4 
and supplemented with wider evidence, such as the 2050 Industrial Decarbonisation 
Roadmaps (DECC, Industrial Decarbonisation and Energy Efficiency Roadmaps to 2050, 
2015) and the Climate Change Committee’s (CCC) Net Zero Report (CCC, Net Zero: 
The UK’s contribution to stopping global warming, 2019). A pathway shows the quantity 
and timing of emission reductions from different technologies, which depends on 
expectations about growth, costs and other factors.

Decisions about infrastructure networks for CCUS and low carbon hydrogen will shape 
the route we take to net zero, including whether low carbon hydrogen or electricity 
becomes the dominant low carbon fuel. In the 2020s, we need to see progress in both 
of them to allow those future choices, which are illustrated in Figure 4.2. Figure 4.2A is a 
scenario where infrastructure networks are extensive throughout the UK. Figure 4.2B is 
a scenario where infrastructure networks are limited to clusters. Both achieve significant 
emission reductions that are broadly consistent with net zero but look different beyond 
2035. The second scenario allows less decarbonisation through CCUS and switching to 
low carbon hydrogen, leading to more electrification instead. It also has higher emissions 
in 2050 overall, as some dispersed sites, such as cement, are unable to decarbonise 
fully due to lack of access to carbon dioxide transport and storage infrastructure. This 
means more emissions need to be offset by GGR technologies. The costs, benefits and 
feasibility of different options will inform future government decisions about the location 
of infrastructure networks. 

The rest of this chapter is focused on actions in the 2020s, split into action in clusters, 
dispersed sites and the wider system. The characteristics of different sites and their main 
decarbonisation challenges are summarised in Figure 4.3.

Supporting clusters to lead the way

The UK’s six industrial clusters account for half of industrial emissions (BEIS, 2020 - BEIS 
analysis of the NZIP model, see Annex 4) and are well-placed for early deployment of low 
carbon infrastructure, as costs and risks can be shared between multiple industrial sites. 

To help drive the deployment of low-regret technologies and development of 
infrastructure in clusters, we will:
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Figure 4.2: Pathways to net zero for industry. 4.2A: Extensive national infrastructure 
networks for CCUS and hydrogen 4.2B: CCUS and hydrogen infrastructure confined 
to the clusters. Key: REEE – Resource efficiency and energy efficiency; CCUS – 
Carbon capture and storage; BECCS – Bioenergy with carbon capture.
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Figure 4.3: Grouping of industrial sites by common decarbonisation challenges (BEIS, 2020) 

Segments (current emissions) Profile Challenges

Energy intensive 
(excluding cement)

Less energy 
intensive

Iron and 
steel

Clustered sites

37.6 MtCO2e

12.0 
MtCO2e

12.3 
MtCO2e

17.1 
MtCO2e

Dispersed sites

33.6 MtCO2e

Dispersed 
cement sites

4.2 
MtCO2e

Non-iron 
and steel

25.6 
MtCO2e

• Sector breakdown varies across clusters 
but refineries and chemicals dominate

• Mostly covered by emissions trading

• These sites present opportunities for early 
deployment of infrastructure.

• Challenge is to develop hydrogen & CCUS 
business models which can support 
deployment beyond first projects.

• Two sites make up 95% of emissions from 
iron and steel: Port Talbot in South Wales 
and Scunthorpe in Humberside.

• Covered by emissions trading

• Decarbonisation options include: (a) hydrogen 
direct reduced iron coupled with Electric Arc 
Furnace or (b) CCUS.

• Scunthorpe would have access to CCUS 
infrastructure; however, Port Talbot would likely 
need shipping of carbon dioxide to utilise CCUS 
or Hydrogen

• Cement plants located far away from CO
2

 
storage sites. e.g. Rugby cement: 150km from 
Humberside, Hope Cement: 70 to 100km, 
through the Peak District.

• Covered by emissions trading

• CCUS is the main solution for addressing 
process emissions. Some sites are located in 
areas of natural beauty. The location of these 
cement sites poses cost, distributional and 
technical challenges.

• Sites outside of clusters that are energy 
intensive such as glass, lime and chemicals.

• Covered by emissions trading

• Often far away from clusters, so challenging to 
pipe carbon dioxide emissions to a T&S network 
or hydrogen in from clusters. Access to hydrogen 
could be through a dedicated hydrogen supply 
network or repurposing the gas grid.

• Sites outside clusters that are less energy 
intensive e.g. food and drink, equipment 
and vehicle manufacture.

• Mostly not covered by emissions trading

• Electricity costs are a barrier given the relative 
price of electricity vs natural gas. Future 
decarbonisation options likely to depend on 
the future of the gas grid.

Figure 4.3: Grouping of industrial sites by common decarbonisation challenges (BEIS, 2020).
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Action 4.1: Support deployment of CCUS on industrial 
sites in clusters to capture and store around 3 MtCO2 
per year by 2030
In our modelling scenarios, the emission reductions from CCUS are around 3 MtCO2 per 
year in 2030 and between 8 and 14 MtCO2 per year in 2050. Without CCUS, emissions 
from current industrial processes cannot be reduced to levels consistent with net zero. 
Although we can learn from international experience, it is critical that we demonstrate 
CCUS at scale in the UK in the 2020s and develop our own supply chain. We are working 
with industry to understand how we can build a thriving UK supply chain, drive growth, 
and seize the commercial opportunities in the UK and abroad. 

Alongside the CCUS business models explained in Chapter 2, we are planning where 
and when infrastructure should be built. We set out a potential approach for doing this in 
the CCUS Cluster Sequencing Consultation in February 2021, which sets out a potential 
two-phase process: the first phase would determine which cluster locations would be 
prioritised; the second phase would allocate CCUS programme support, including the 
CCS Infrastructure Fund and revenue support, to individual projects within the clusters. 
This approach will be refined in response to consultation feedback and other options may 
be considered.

Action 4.2: Support increased fuel switching to low 
carbon fuels over the 2020s 
To be on track to deliver net zero, we expect that the minimum, in all future scenarios, 
is 20 TWh per year of fossil fuel use replaced with low carbon alternatives in 2030. 
Hydrogen, electrification and bioenergy all have a role to play and we will take action to 
support uptake of these low carbon fuels while taking into account the wider sustainability 
agenda set out in Action 4.8 as follows:

Hydrogen

In our modelling scenarios, consumption of hydrogen as a fuel7 in 2030 ranges from 10 
TWh per year (if uptake is limited to clusters only) to 16 TWh per year (if some potential in 
dispersed sites is realised). By 2050, the potential for hydrogen fuel switching in clusters 
alone is around 24 TWh. In a scenario with widespread access to hydrogen across the 
UK, hydrogen consumption could be as high has 86 TWh by 2050.

The government is committed to developing a low carbon hydrogen economy in the 
UK. To support this, we have committed to a £240 million Net Zero Hydrogen Fund 
to kickstart both commercial CCUS-enabled (blue) and electrolytic (green) hydrogen 
production. We want to work with industry on the design of the scheme and further 

7 Feedstock switching is not considered in our modelling, but could provide an opportunity for further low carbon hydrogen 
consumption.
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details will be set out in the coming months. Details of how hydrogen uptake will be 
driven in industry will be set out in the Hydrogen Strategy to be published in 2021.

It is critical that we demonstrate fuel switching to hydrogen in industrial sites in parallel 
to ramping up low carbon hydrogen production. In the short term, early, low-regret 
opportunities for conversion to hydrogen include steam boilers and combined heat and 
power processes on chemicals, refineries and paper. In the longer term, hydrogen is 
currently the most promising low carbon option for high temperature direct firing. These 
high temperature hydrogen technologies are not yet commercially ready and require 
innovation and testing to bring them to maturity. Chapter 6 sets out how we are supporting 
innovation to ensure these technologies are ready to be deployed when they are needed.

Electrification

Our modelling indicates that electrification of industry could reduce emissions by between 
5 MtCO2e and 12.3 MtCO2e per annum by 2050. Many low temperature electrification 
technologies are commercially ready and it is technically possible to electrify up to half 
of present industrial fuel consumption globally (McKinsey and Company, 2020). As new 
technologies emerge and renewable electricity prices continue to drop, electrification 
will become a more attractive option for industry. Smart technologies, such as storage 
and demand-side response, can also provide flexibility to the electricity system, helping 
industrial consumers use energy when it is cheapest and cleanest.

The main barrier to electrification is the large disparity in the price of natural gas and 
electricity, resulting in high operating costs. As we set out in Chapter 2, we recognise 
that UK electricity prices are higher than those of competitors. A range of support 
mechanisms for eligible sectors are already in place and we will continue to engage with 
industry and consumers to ensure that fairness and affordability sit at the heart of our 
approach to decarbonising the energy system. 

Electricity networks will need to accommodate increased demand from the electrification 
of industrial processes. We will work with the independent regulator, Ofgem, network 
companies and local stakeholders, including industrial clusters, on the approach to 
planning and delivering transmission and distribution network requirements, including 
strategic network investment.

Bioenergy

We are planning to publish a Bioenergy Strategy in 2022. This will review the amount 
of sustainable biomass available to the UK and how this could be best used across 
the economy to help achieve our net zero greenhouse gas emissions target by 2050 
while also support the delivery of our wider environmental targets. The strategy will also 
establish the role which Bioenergy with Carbon Capture & Storage (BECCS) can play in 
reducing carbon emissions across the economy. Current evidence strongly suggests that, 
given limited sustainable biomass supply, we may need to prioritise the use of biomass 
where it can be combined with carbon capture and storage (BECCS), resulting in negative 
emissions. Cement sites are examples of processes where biomass could be combined 
with CCUS.
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The Industrial Energy Transformation Fund (IETF) currently restricts support for biomass 
as a decarbonisation measure to industrial applications where there are limited 
commercial alternatives in the near term. Biomass projects are only supported when they 
involve switching away from fossil fuels used in high temperature applications (greater 
than 240 degrees Celsius). Biogas to fuel direct combustion or combined heat and power 
projects are also supported where the site is based off the gas grid, and injection of the 
fuel into the grid would not be feasible. The scheme design of the IETF is likely to evolve 
as the needs of industry develop.

Action 4.3: Consider the implications of the 
recommendation of the Climate Change Committee to 
set targets for ore-based steelmaking to reach near-
zero emissions by 2035
Steel is used in much of the UK’s critical national infrastructure, from rail to submarines, 
wind turbines to nuclear power stations. The UK’s main primary steel production facilities 
are Port Talbot in the South Wales cluster and Scunthorpe in the Humber cluster. These 
two sites alone produced 11 MtCO2e in 2017, 95% of the total emissions from iron and 
steel sites and around 15% of total industrial emissions (BEIS, 2020 - BEIS analysis of 
the NZIP model, see Annex 4). Decarbonising these two blast furnace sites and the wider 
steel sector will be essential to the decarbonisation story of UK industry. 

In our modelled pathways, the iron and steel sector is largely decarbonised by 2035 
(Annex 4). This year, in collaboration with the Steel Council, we will consider the 
implications of the recommendation of the Climate Change Committee to “set targets 
for ore-based steelmaking to reach near-zero emissions by 2035” and the business 
environment necessary to support the transition.

Coking coal use in steel manufacturing

Coking coal is currently essential for primary steel manufacturing using the basic 
oxygen furnace route, which produces the highest quality steel and is the dominant 
technology in Europe. This strategy takes a technology-neutral approach and so does 
not rule out the use of coking coal in an integrated steel making process together 
with CCUS as a net zero compliant option going forward. Any mining of the coal itself 
needs to be net zero compliant in the future. The mining sector needs to plan for this in 
partnership with government, in line with the principles set out in this strategy.

Preparing the way for dispersed sites 

Dispersed sites (those outside the clusters) are highly diverse, including both 
energy-intensive processes such as cement production, glass manufacturing and lime, 
and less energy-intensive processes such as food and drink manufacturing.
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Emissions reductions in dispersed sites will be largely driven by energy efficiency in the 
early 2020s, as discussed in Chapter 5. Low temperature electrification technologies, 
such as heat pumps, which are already commercially available, could present options for 
early fuel switching in dispersed sites. Fuel switching in later decades will be influenced 
by access to infrastructure and wider system changes, such as the possibility of 
repurposing the gas grid for low carbon hydrogen. 

Under the Hydrogen Grid R&D programme, the government is supporting a range of 
research, development and testing projects designed to help determine the safety, 
feasibility, costs and benefits of converting the natural gas grid to carry 100% low carbon 
hydrogen. We will continue to work with key stakeholders to explore the safety case for 
blending hydrogen into the gas grid for end-users, including industrial consumers. We 
will aim for an expected policy decision by the mid-2020s on the future of hydrogen for 
heating, and linkages with the natural gas grid.

The role for CCUS in dispersed sites is less certain. Although it is technically possible 
that CCUS could be applied to glass manufacturing or even a large food and drink site, 
this would only be economical if technology costs for CCUS reduced substantially and if 
there was an extensive carbon dioxide pipeline network. CCUS could be applicable for 
large, dispersed sites but will again depend on there being viable options for transporting 
carbon dioxide to the nearest storage site. Some sites are in protected areas, which could 
limit options.

Because of lack of access to infrastructure, we expect that the deeper decarbonisation 
potential of these sites will only be realised in the 2030s onwards. At this point, uptake 
in dispersed sites will need to be rapid. Dispersed sites will benefit from the technology 
demonstrations and associated lessons in the clusters, but it is still critical that sites are 
preparing now for the action they will need to take in the future. We will take the following 
actions to help dispersed sites prepare:

Action 4.4: Work with industry to understand what is 
required to make sites retrofit-ready 
There are limited windows of opportunity for equipment to be replaced with low carbon 
alternatives between now and 2050. Fuel switching frequently requires a major overhaul 
of equipment on an industrial site. Shutting down a plant to replace or retrofit equipment 
is expensive and disruptive. Typically, equipment is only replaced or upgraded at the end 
of its lifetime. Industrial equipment often has long replacement cycles, with cement kilns 
lasting 25-40 years, glass furnaces 12-20 years and blast furnaces around 40-60 years. 

There is a risk that sites could miss this window if their equipment comes up for 
replacement before they have access to necessary infrastructure or before supporting 
policy frameworks are in place. This is true for all sites, but particularly for dispersed 
sites that might have to wait longer for access to infrastructure than clustered sites. We 
will work together with industry to better anticipate machinery lifecycles, so that major 
capital investments are replaced with low carbon alternatives. This may require flexibility 
regarding decisions to retire assets – for example, potentially retiring higher carbon 
equipment early. 
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Where replacement with fossil fuel technology cannot be avoided, we can reduce delays 
and costs of later replacement by ensuring that upgraded equipment is low carbon 
“ready” (either for CCUS or hydrogen). We will engage with industry to understand 
the feasibility of ensuring that replacement equipment is able to be easily retrofitted 
with CCUS or hydrogen as applicable. The Industrial Energy Transformation Fund will 
support this transition through the provision of grant funding towards the commercial 
demonstration of fuel switching technologies. We will also explore the option of making 
it a mandatory requirement for upgraded equipment to be low-carbon ready later in the 
2020s, as recommended by the CCC (CCC, Net Zero: The UK’s contribution to stopping 
global warming, 2019).

Action 4.5: Work with the cement sector to explore 
options to decarbonise sites in dispersed locations
Dispersed cement sites pose a unique challenge. Half of emissions from cement 
production arises from the calcination of limestone, which produces carbon dioxide as 
a by-product, resulting in so-called “process emissions”. Currently, CCUS is the only 
viable option for addressing these emissions. In the UK, several cement sites are far away 
from clusters and some are in or close to areas of natural beauty. This poses a significant 
challenge and increases costs for deployment of carbon dioxide transportation pipelines. 
Alternative means of transport of carbon dioxide by rail or road are possible options that 
we will explore with the cement industry. 

As recommended by the Climate Change Committee, we will work with the minerals 
industry to consider options for dispersed sites, building on the report published in 
August 2020 (BEIS, CCS deployment at dispersed industrial sites, 2020).

Case study: Cement sector decarbonisation

The concrete and cement sector is a key part of a combined mineral products industry, 
manufacturing products for the built environment and infrastructure. In 2020, the 
UK Mineral Products Association published the ‘UK Concrete and Cement Industry 
Roadmap to Beyond Net Zero’; detailing how the industry will decarbonise all aspects of 
production, supply and use. The sector is carrying out demonstrations of a ‘zero carbon 
fuel mix’ for cement kilns in 2021, funded by the BEIS fuel switching programme. Further 
research, funded by the BEIS Industrial Energy Efficiency Accelerator programme, is 
enabling the sector to formulate and demonstrate new low carbon multi-component 
cements for the UK market. Through utilisation of new technologies and improved 
efficiency of infrastructure as detailed in this chapter, the industry is set to deliver net 
zero concrete and cement products across all supply chains by 2050.
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Action 4.6: Review policies to address specific barriers 
faced by less energy-intensive, dispersed industrial sites
Substantial potential for energy efficiency improvements remains for less energy-intensive 
industrial sites, particularly those that are geographically dispersed. However, these sites 
will also have to switch to low carbon technologies such as electrification, hydrogen 
or bioenergy in the future. There are specific challenges surrounding the uptake of 
technologies in these sites, including the fact that many of these organisations currently 
have little direct engagement with decarbonisation policies. In addition, these sites 
are often far from clusters, causing challenges in relation to infrastructure networks. 
Therefore, we will review the policy levers needed to achieve net zero across the less 
energy-intensive sites. 

Industrial decarbonisation in the context of the wider system

Decarbonisation of industry will not take place in isolation. We will ensure the right 
enabling environment for low carbon infrastructure and technologies, as follows:

Action 4.7: Ensure planning reforms brought forward as 
part of Project Speed support the delivery of low carbon 
infrastructure
Project Speed represents a revolution in the Government’s approach in delivering 
infrastructure better, greener and faster. The National Infrastructure Planning Reform 
Programme, announced in the National Infrastructure Strategy, will refresh how the NSIP 
regime operates and seek to halve the time it takes for some projects entering the system 
from September 2023 to be determined. The programme will help to ensure low carbon 
infrastructure is developed at the required rate for net zero. 

Action 4.8: Improve coordination between 
decarbonisation and environmental policies to meet a 
common sustainability agenda
In most cases, decarbonisation and environmental objectives are in alignment. For 
example, air quality is improved as fossil fuels are phased out as documented in the 
Air Quality Expert Group’s Net Zero Report (HM Government, Impacts of Net Zero 
Pathways on future air quality in the UK, 2020). In some instances, however, emissions 
reduction and wider environmental goals can misalign, leading to additional challenges 
and costs for industry. For example, increased use of biomass could have unintended 
consequences for broader emissions including air quality. Therefore, it is important that 
the deployment of new decarbonisation technologies and associated policies consider 
wider environmental outcomes, such as air quality and water conservation.
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Therefore, it is important that we ensure that the deployment of new decarbonisation 
technologies and associated policies help us achieve our legally binding environmental 
targets, such as for air quality, water quality and biodiversity as set out in the 25 Year 
Environment Plan.
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Energy and resource efficiency measures, along with materials substitution, 
reduce the level of energy and materials used in production and keep 
industrial products and materials in use for longer. This will be crucial in 
getting industry to net zero. It is estimated that these measures could 
contribute up to 13 MtCO2e of annual emissions reductions by 2050 (see 
Annex 4) and reduce the overall cost of decarbonisation by lowering the 
amount of energy that needs to be converted to cleaner sources and 
reducing operational costs. Improvements in energy and resource efficiency 
will play a particularly significant role in reducing industrial emissions in 
the 2020s, leading the way in widespread emissions reductions whilst 
infrastructure for deep decarbonisation options is built up throughout the 
decade. By maximising energy and resource efficiency in the 2020s, the total 
cost of decarbonisation will be reduced as the level of emissions needing to 
be abated through expensive deep decarbonisation measures will be lower. 

Industry has already made significant progress in this area, with the implementation of 
efficiency measures contributing to falling emissions in recent years. Government has 
played a key role in this process with a portfolio of programmes. These programmes 
include the UK ETS, CCL, CCA scheme and Energy Savings Opportunity Scheme audits, 
which encourage energy efficiency improvements, and the Resources and Waste Strategy 
which sets the foundations for minimising material use across the economy. Additionally, 
businesses who need support to invest to cut their emissions and energy use have 
access to funds such as the IETF. 

Barriers to address
Although current policies have made great strides, there is a need to stimulate further 
efficiency savings to align with net zero. There is still untapped potential in industry due to 
many factors, including: 

• awareness and capacity: efficiency is not always prioritised within industry and 
sites find it difficult to implement efficiency measures, due to the risk of disrupting 
operations and a lack of staff capacity. Consumer awareness regarding resource 
efficient decisions, such as prolonging the life of products through reuse and repair, 
also requires improvement.

• access to expertise and advice: industry needs access to quality expertise and 
advice about available technical solutions and support

• access to finance: some efficiency measures have higher payback times than 
businesses are willing to invest in and businesses face internal investment 
competition between efficiency measures and other investments

• measurement and data: equipment (meters, sensors), information (e.g. from 
suppliers), access to audits and management of energy efficiency can be improved
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• incentives to adopt circular solutions: business and consumer habits are 
not presently set up to encourage product sharing, reuse and other circular 
economy measures

We need to overcome these barriers and maximise the potential of energy and resource 
efficiency measures as they are a win-win for reducing costs and emissions and will be 
key to help industry reach net zero. 

Increasing industrial energy efficiency
Improving energy efficiency in industry means maintaining at least the same quality and 
level of output, while using less energy in the process. By doing this, emissions can be 
significantly reduced, and the final products of these processes will represent a lower 
level of emissions per unit of output. Energy efficiency measures have the potential to 
contribute 4 MtCO2e abatement in industry by 2050 (see Annex 4) with heat recovery, 
process and equipment upgrades being most relevant for energy-intensive sectors, and 
further savings possible in less energy intense sectors 

To realise this potential, in addition to the specific actions listed in this chapter, we will 
also review regulatory options relating to energy efficiency, working with industry to 
determine which regulations are optimal in improving industry efficiency levels. This 
review process will focus on raising baseline energy efficiency levels and all suitable 
options will be assessed on several factors, including emission reduction potential and 
synergies with existing programmes and mechanisms.

To help improve efficiency within industry, we will:

Action 5.1: Support sites to install energy management 
systems
Energy management systems can help businesses improve their energy performance 
and potentially reduce their energy costs, but their uptake so far has been limited. To 
drive widespread adoption and improvement of these systems, we will encourage sites 
to adhere to the requirements set by international energy management standards such 
as ISO 50001, which enables companies to follow a systematic approach to improve 
their energy performance. By encouraging companies to meet the requirements of these 
standards, overall energy use in industry can be reduced. 

We recognise that the early implementation of energy management systems may be 
challenging for some companies, particularly SMEs. Because of this, we are supportive 
of the work that is currently being undertaken to develop a new voluntary ISO standard, 
ISO 50005, that allows companies with limited resources to take a phased approach in 
implementing these systems. This can help companies decide in which areas efficiency 
improvements are required and the pace at which they should be pursued, based on 
their specific needs and resource availability. The introduction of this new standard will 
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help our aim of encouraging all sites and companies to install these systems as soon as 
possible. We will also review how government can encourage more widespread collection 
and utilisation of data to drive improvements in energy efficiency. We recognise that these 
improved systems will have associated capital and operational costs, and therefore we 
will consider how government can help support and incentivise these improvements. 

Energy Performance Contracts (EPCs) and Energy Service Contracts (ESCs)

The private sector has also developed mechanisms to improve energy efficiency in industry 
such as EPCs and ESCs. These contracts often involve private energy suppliers entering 
into an agreement with companies to identify and implement measures which could 
increase the company’s energy efficiency, with the energy supplier receiving payment 
for the contract from the resultant energy savings gained. 

Action 5.2: Improve heat recovery and reuse 
across industry, particularly in sites which use high 
temperature processes
In the UK, the majority (70%) of the UK industrial energy demand is for heat (HM 
Government, Energy Consumption in the UK, 2020), with around 35% of this demand 
from steam systems alone. For example, superheated high pressure steam is often 
produced in boilers and then reduced in pressure within distribution networks for use 
in different processes. Unfortunately, when this pressure reduction occurs energy is 
lost (Chowdhury, et al., 2018). More widely, some heating processes such as those in 
the steel and glass making sectors, can waste up to 50% of the heat used, so there is 
significant scope to improve the efficiency of these heating processes. 

The use of heat recovery technologies can significantly reduce energy consumption, 
improve the efficiency of manufacturing processes, and reduce waste. Both the Industrial 
Heat Recovery Support programme (IHRS) and the IETF provide support for industry to 
invest in new technology to recover and reuse heat (IHRS has closed to new applications 
but will continue to provide funding until 2022, phase 2 of the IETF will launch this year). 
These solutions include recycling heat for other thermal uses within the same site, 
different end users reusing the waste heat (heat networks) or converting the waste heat to 
electricity. To realise the full potential of these measures, we will support further research 
and testing related to new heat recovery techniques, having already supported several 
projects within industry under the IHRS. These projects include research into quantifying 
waste heat flows within cement sites for the purpose of utilising this heat for electricity 
generation. We are also considering further options such as targeted audits in specific 
industrial sites to drive increased use of heat recovery and reuse techniques.
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Case study: Ceramics decarbonisation

Ceramics covers a diverse range of products, from bricks, to tableware, to aerospace 
components and electronic devices. The sector has the potential to support a low 
carbon, resource-efficient economy, by making highly durable products with low 
lifetime carbon footprints, or long-life thermal insulation for high temperature processes 
(e.g. those used in manufacturing) among others. As we set out in this chapter, using 
materials more efficiently is critical to reducing emissions. To date, the ceramics 
sector has invested in improving the energy and carbon efficiency of its processes, for 
example through heat recovery of kiln cooling air, switching from batch to continuous 
kilns, and making burner improvements. The British Ceramic Confederation identifies 
use of hydrogen and electrification as potential routes to decarbonising the sector. 
CCUS is also technically possible for larger sites but will depend on economics and 
access to infrastructure beyond clusters. Chapter 4 sets out how we are supporting 
dispersed sites to adopt these deep decarbonisation technologies.

Action 5.3: Help less energy-intensive, dispersed 
industrial sites improve energy efficiency through the 
adoption of technologies available in the market with 
low payback times
Less energy-intensive and dispersed sites can make significant savings by adopting 
existing technologies, but they often do not have the resources to invest in them. 

Energy efficiency improvement technologies that pay back in less than five years are 
already available in the market (Chowdhury, et al., 2018), but have not been fully adopted 
because of many factors, including users having limited information about their potential, 
a lack of finance to invest in them and long lifetimes of existing equipment. Examples 
of solutions with short payback times include boiler flue economisers, oxygen trim 
systems, and water treatment technologies that can increase boiler efficiency and reduce 
emissions. Key electrification technologies are also already available in the market, such 
as heat pumps that can reduce energy demand from industrial processes, particularly in 
low-temperature heat applications. Therefore, we will review how small and dispersed 
industrial sites can adopt these solutions, with measures being considered including 
audit programmes, efficiency standards, expert advice and training for SMEs, expanded 
funding schemes and finance options.
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Cost effective technology options: boiler flue economisers

Significant heat losses from steam boilers occur through the flue gas, which accounts 
for more than 70% of heat loss in some cases. To reduce this loss, flue economisers 
are a widely accepted technology, which can either be used to retrofit existing boilers 
that have no form of heat recovery built in (e.g. non-condensing boilers) or as built-
in technology to new boilers (e.g. condensing boilers). This technology represents a 
cost-effective option – for a boiler with an annual spend on gas of around £15,000, an 
investment of £6,000-£8,000 to retrofit an economiser could see a payback in four to 
five years. This payback time can be reduced further if replacing a boiler with a new one 
which already contains economiser technology (Chowdhury, et al., 2018).

Action 5.4: Develop a communications plan to make 
industry aware of the support that is already available to 
increase energy efficiency
We realise the energy efficiency policy landscape is complex, with the range of policies 
being particularly difficult for smaller companies to follow. Because of this, we will 
develop a communications plan together with industry to champion the wide range of 
support and regulation that is already in place to improve energy efficiency levels.

As part of this plan, we will consider options to develop resources such as direct advice, 
training, and best practice to address capacity and expertise gaps and highlight presently 
available solutions. We will also emphasise solutions related to behaviour change that 
could be utilised to improve energy efficiency. We will also focus on ensuring that digital 
solutions reach businesses at scale, providing self-service options as much as possible.

Industrial resource efficiency and material 
substitution

Action 5.5: Support increased resource efficiency 
and material substitution within industry, by driving 
the transition towards a circular economy model and 
increasing reuse, repair and remanufacturing 
In addition to improving energy efficiency within industry, using the raw materials we 
rely on more efficiently is critical in reducing emissions. Increasing resource and material 
efficiency in practice means keeping products and materials in circulation for longer 
through circular economy approaches such as reuse, repair, recycling and reducing the 
quantity of materials used within manufacturing. This transformative approach, tackling 
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both consumption and production related efficiency, reduces emissions at all stages of a 
product’s lifetime.

Resource efficiency and material substitution measures have significant potential, 
these measures could save 9 MtCO2e per annum in industry within the UK by 2050 (see 
Annex 4), including a reduction in emissions of 3MtCO2e relating to UK consumption. 
In particular, individual measures with the most potential in reducing emissions are 
using more construction materials with low embodied carbon (such as timber), reusing 
construction materials and using electronics and vehicles for longer. Aside from improved 
resource efficiency in materials, improved water efficiency has significant potential in 
realising additional energy and emissions savings in industry. Measures such as improved 
water reuse and recycling and filtering technologies that improve equipment performance 
are key options that could further reduce industrial emissions. 

Aside from this emissions reduction potential, improving resource and material efficiency 
within industry can have widespread environmental benefits, for example reducing the 
demand on natural resources. From an economic perspective, by increasing material and 
resource efficiency, the productivity of the economy can be increased, making the UK 
more competitive and improving our resource security. Rather than leading to a loss of 
economic activity, this shift towards ‘recommerce’, remanufacture and repair activity can 
enhance our economy in terms of jobs and growth. 

Because of these benefits, driving improvements in resource efficiency is a key priority. 
Our approach in driving the UK’s transition to a more resource efficient economy is 
set out for England in the Resources and Waste Strategy, which outlines how we will 
maximise the value of our resources and minimise waste to increase the circularity of our 
economy. Key components of our policy approach include: improving product designs 
to ensure durability, repairability and recyclability with the use of selective product 
bans to drive this improvement; advancing the design of buildings and infrastructure; 
implementing systems that support recycling including producer responsibility schemes 
and consistent collection systems; and wider utilisation of data to increase the reuse of 
secondary materials. As part of this, our modified Waste Prevention Programme will be 
launched for consultation in 2021, which aims to emphasise the importance of these 
measures and ensure they are a priority in reducing emissions. 

Our wider approach to protecting the environment is set out in the Environment Bill. An 
important aspect of the Bill is the power to set long-term, legally binding environmental 
targets. The Bill establishes a duty on Defra’s Secretary of State to set long-term targets 
in each of the following priority areas: air quality, biodiversity, water, and resource 
efficiency and waste reduction by October 2022. This includes a proposed target to 
increase resource productivity, building on the goal of doubling resource productivity 
across the economy by 2050, as committed to in the 25 year Environment Plan.

The Resources and Waste Strategy emphasises that a collaborative, cross government 
effort is required. As part of this effort, we are supporting a new £30 million UKRI Circular 
Economy Research Programme that takes an inter-disciplinary approach in developing 
solutions that will help industry to innovate and develop best practice. Beyond these 
measures, we will support the uptake of smarter designs in industrial goods, to reduce 
demand for raw materials within industrial production. This will be achieved through 
encouraging collaboration between professionals in each stage of the production 
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process, including designers, digital experts and engineers. By doing this, we will be 
building on existing initiatives such as the industry-led “Made Smarter initiative”.

Industrial symbiosis

Industrial symbiosis involves using the secondary materials from a given industrial 
process as inputs in a different industrial process. The UK already has considerable 
experience in this area, with the National Industrial Symbiosis Programme having 
operated between 2005 and 2013, however, there is significant scope to continue 
these efforts. Studies have shown the primary barriers to increased use of secondary 
materials by industry include a lack of knowledge, resourcing constraints, and 
access to data on potential symbiosis opportunities. We will determine how industrial 
symbiosis can be further supported to address these barriers and reduce industrial 
emissions arising from waste. Early-stage research on how a facilitated industrial 
symbiosis network could operate in the UK has already been commissioned.

We will also support the implementation of the vision of the Energy Data Taskforce 
through the Modernising Energy Data Programme, by working collaboratively with 
industry and other parts of government and the public sector to connect energy, waste 
and water flows from industrial sites across the country and encourage the elimination 
of waste and the reuse of materials. Finally, government will support resource efficiency 
improvements through its commitments to creating demand for low carbon products, 
using measures such as public procurement and product standards (Chapter 3).

Case study: Paper decarbonisation

The UK’s paper-based industry has long set a leading example of embedding efficiency 
principles into the manufacturing process. Recycling is integral to the sector, with 
around three quarters of paper made in the UK being produced from recycled fibres. 
The sector has seen important improvements in carbon intensity in recent decades, 
driven by fuel switching (from coal and oil to lower carbon fuels), use of high-efficiency 
CHP and investment in energy efficiency measures. The sector will need to work with 
government on development and delivery of policies to deliver this transition in energy 
use. Alongside continued resource and energy efficiency improvements, additional 
investment in technology innovation will be required to support the development of 
solutions that will enable the switch away from natural gas to zero carbon fuels.
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The low carbon technologies that are needed to decarbonise industry are at 
various stages of development and investment is required to advance them. 
The private sector will play a significant role in this, but the uncertainties 
associated with novel technologies can be a barrier that government needs 
to help overcome. Many critical technologies such as CCUS from cement 
production, high temperature electrification and direct combustion firing8 are 
still in the early stages of development. We need these technologies to be 
ready for large-scale deployment from the 2030s. 

Although we cannot predict the exact mix of technologies that will get industry to net 
zero, we know we need to continue to innovate and develop a broad range of low carbon 
technologies. This will put us in the best position to reduce the cost of decarbonisation 
and maintain the competitiveness of industry. This chapter sets out our innovation 
priorities for industry and the actions we will take to achieve them.

As the HM Treasury 2020 Net Zero Review Interim Report sets out, accelerating 
innovation requires researching, testing and demonstrating technologies across 
different uses and stages. This process is often complex and lengthy; therefore industry, 
government and research institutions need to work in partnership if we are to innovate at 
the scale and speed that we need.

Our £1 billion Net Zero Innovation Portfolio shows that we recognise the importance 
of innovation in advancing net zero and will be complemented by up to £3.5 billion of 
funding from institutions such as industry and academia. For industry, this will build on 
the success of over £310 million of funding since 2016 (Figure 6.1), which has advanced 
key technologies including industrial CCUS and low carbon hydrogen production.

We will ensure funding for industry from the Net Zero Innovation Portfolio aligns with 
our innovation priorities, targeting the development of low carbon technologies where 
it will have the largest impact. In the near term, the Net Zero Innovation Portfolio will 
continue to build on the UK’s leadership role and existing projects in the deployment of 
CCUS, hydrogen and nuclear advanced modular reactor technologies, with dedicated 
workstreams furthering production, supply and use, feasibility and safety.

We will also draw on our world-class universities and research institutions, including 
through our £20 million funding that is being used to establish the Industrial 
Decarbonisation Research and Innovation Centre. Industry can also innovate using new 
tools we have funded such as the Met Office’s UK Climate Projections to anticipate and 
adapt to the effects of climate change. That may mean taking advantage of the UK’s 
cutting edge climate science capability to target measures to protect assets, operations 
and supply chains from climate impacts, now and in the future.

The partnership for innovation extends beyond our borders. By thinking globally, we 
can co-develop solutions, reduce risks and bring down costs faster. We can also take 
advantage of export opportunities for low carbon technologies developed in the UK. This 
is discussed further in Chapter 7. 

8 Where fuel combustion occurs in the same chamber as the chemical reaction.
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Energy innovation programme

Industrial fuel switching competition

£20 million

Industrial Energy Ef f iciency Accelerator

£12 million
Carbon Capture and Utilisation
Demonstration (CCUD) (FEED)

£5 million

CCUS Innovation Programme

£24 million
Accelerating Carbon Capture and
Storage (CCS) Technologies (ACT)

£4.4 million

Low Carbon Hydrogen Supply Competition

£33 million

Manufacturing Made Smarter Challenge

£147 million

Transforming Foundation Industries

£66 million

Other industry funding

Figure 6.1: Funding programmes related to industrial innovation

Innovation priorities
The main near-term industrial decarbonisation innovation priorities can be broadly 
grouped into five areas: fuel switching, CCUS for industry, energy efficiency 
improvements (including digitalisation), advanced technologies and product innovation. 
Our plan is to take action in each of these areas. We also recognise that the innovation 
landscape is not static, so we will continue to review our priorities over time as new 
evidence arises.

To help accelerate innovation of low carbon technologies across industry, government will:
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Action 6.1: Support innovation in fuel switching 
technologies, including low carbon electricity, hydrogen 
and biomass
Fossil fuels (coal, gas and oil) made up around 55% of industrial energy consumption 
in 2019, most of which was used to generate heat (HM Government, National Statistics: 
Energy consumption in the UK, 2020). This heat is used either directly, such as in a kiln 
where fuels are burned together with the material they are heating, or indirectly, such as 
in boilers that generate steam which is then used for heating elsewhere in the process. 
We need to support innovation in a wide range of fuels that are applicable to all types of 
industrial processes to reach net zero. 

The Industrial Fuel Switching Competition (IFSC) which ran from 2019 to 2021, has been 
highly successful in progressing the development of new fuel switching technologies 
across a range of sectors, including cement, refineries, glass and lime. The latest round of 
funding was awarded in autumn 2020, with four projects moving from feasibility studies to 
demonstration. One example is the Glass Futures project in Merseyside, which includes 
a biodiesel trial on a full-scale commercial line, a hydrogen demonstration on a large lab 
scale and the provision of evidence to scale up electric melting technology. 

The low carbon fuels supported in the IFSC to date were determined by the suitable 
projects brought forward by industry, with bioenergy and hydrogen projects featuring 
strongly. There is a gap developing in innovation around electrification, particularly for 
high temperature processes. As announced in the Ten Point Plan, the IFSC will continue 
as part of the Net Zero Innovation Portfolio. Going forward, we will work with industry to 
proactively accelerate the potential of fuel switching technologies, seeking out potential 
electrification projects and ensure we are progressing this technology alongside hydrogen 
and biomass fuel switching. As part of this process, we will promote innovation in new 
technologies that do not lead to conflicts with wider environmental goals, such as 
improving air and water quality.

Case study: Decarbonising the refining sector

The refining industry plays a pivotal role in the UK economy, providing a secure supply 
of energy for road and rail transport, aviation, commercial heating, feedstocks for the 
petrochemicals sector and other uses. Through the transformation of manufacturing 
processes and introduction of renewable and waste-derived feedstocks (as detailed 
in the UK Petroleum Industry Association’s 2020 Transition, Transformation and 
Innovation Report), the industry is well placed to decarbonise its own activities and 
products and to support other sectors in decarbonising operations, while developing 
new energy technologies such as hydrogen supply, energy storage and CCUS. 
Innovation in the industry can be seen in the development of hydrogen firing of furnaces 
and boilers and also in development of synthetic graphite for the manufacture of 
high-performance lithium-ion electric vehicle batteries. With the Phillips 66 Humber 
refinery being one of the world’s leading production facilities for graphite coke, there is 
significant potential for the UK to lead innovation in this area.
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Action 6.2: Support first-of-a-kind demonstration of 
CCUS from a range of industrial sources
Recent government support for CCUS innovation has moved this technology forward: the 
£22 million CCUS Innovation Programme supported vital engineering studies, through 
advancing successful projects across the industrial clusters. 

Despite this progress, we need to go further and faster. It is critical that the UK acts now 
to demonstrate CCUS from a wide range of industrial sources. The Net Zero Innovation 
Portfolio will include support for innovation in CCUS. 

This is a key priority, as carbon dioxide capture from industrial sources can be expensive 
and technically challenging, and consequently the maturity of CCUS technology varies 
across different applications. CCUS applied to industrial sources such as steel and 
cement is still in the demonstration or prototype stage (IEA, CCUS in Clean Energy 
Transitions, 2020) and therefore requires greater support for innovation in the near term. 
Many industrial CCUS technologies require bespoke solutions, tailored to the specific 
conditions on site. Some of the challenges include heat integration of the capture process 
with the wider site and impurities in the flue gases. Advanced capture technologies 
such as calcium looping or membrane separation offer potential for addressing these 
challenges and reducing overall costs.

We will also further explore the opportunities for carbon utilisation. We are already 
supporting CCUS innovation through the £5 million Carbon Capture and Utilisation 
Demonstration Innovation Programme. There are still uncertainties around the extent 
to which some carbon utilisation technologies reduce and permanently store carbon 
dioxide but it may be appropriate in certain applications. We want to engage with 
industry to understand lifecycle emissions, consider what future innovation support might 
be required, and ensure that there is a stable and efficient regulatory framework that 
supports the development of carbon utilisation.
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Action 6.3: Support the development of industrial digital 
technologies to maximise efficiency improvements
Chapter 5 highlights the significant potential that exists to reduce emissions through 
efficiency improvements. While many energy efficiency technologies are commercially 
available today, there is still scope for innovation to maximise efficiency potential. 
Digitalisation technologies are key to achieving this. Work undertaken for the Made 
Smarter Review (Maier, Made Smarter Review, 2017) found that the adoption of 
digitalisation technologies could reduce carbon dioxide emissions by 4.5% while 
increasing manufacturing growth between 1.5% and 3% a year.

We are already supporting the wider utilisation of digital technologies in industry. For 
example, funding from the Industrial Strategy Challenge Fund has been made available 
for competitions to drive digital innovation in UK manufacturing supply chains. These 
competitions were set up to support both feasibility studies and industrial research 
projects which focus on supply chain integration and optimisation. Examples of such 
projects include improving track and trace capabilities to help businesses optimise their 
supply chains and eliminate waste, reducing emissions.

Although significant progress has already been made, we must support further growth 
in digitalisation. As stated in the Ten Point Plan, developing disruptive technologies such 
as artificial intelligence for energy is a key priority, and in order to achieve the maximum 
possible level of emissions reductions, we will support developments in several key areas. 
These areas could include technologies such as 3D printing and digital twin technology.

3D printing: Producing parts and products through 3D printing can not only lead to 
lighter and stronger parts, but also reduce lead times and extend product life cycles 
– furthering the move towards a more circular economy. Being a world leader in 3D 
printing, in the UK there are several industrial sites that have already implemented the 
technology, notably in high value manufacturing sectors such as the aerospace and 
automotive sectors.

Digital twin technology: Digital twins are virtual simulations of real-world systems, 
which can contribute to improving the sustainability of a system. Smart components can 
be deployed within an industrial process which gather data, with this data then being 
connected to a cloud-based storage system to create a digital twin. This digital twin can 
then be used to identify potential issues within the system and address them before they 
occur. One example of this technology being implemented is a project run by the Materials 
Processing Institute which looks at implementing digital twin technology in UK steel plants 
to improve the cost-effectiveness, efficiency and flexibility of the production process.
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Action 6.4: Support research into advanced 
technologies
Decarbonisation of existing industrial processes is limited by the chemistry and 
thermodynamics of the incumbent technology. Sometimes a new manufacturing process 
is needed to provide a step-change in emissions reductions. Steelmaking has seen such 
advancements over the centuries. The basic oxygen furnace invented in the 1950s, is almost 
twice as efficient as the open-hearth furnace which came before. Today, less than 1% of 
global steel production is from the outdated open-hearth technology (Worldsteel, Steel 
Statistical Yearbook, 2020). Going forward, novel processes such as electrolysis of iron ore 
may provide the solution to truly “green steel” (Cavaliere, Electrolysis of Iron Ores, 2019).

Continued innovation of decarbonisation technologies such as CCUS could present 
new opportunities. For example, Cambridge Carbon Capture’s patented CO2LOC 
technology enables industry to sequester its carbon dioxide emissions at a profit through 
a two-stage mineralisation process. The flexibility of this process means it is suited to 
storing carbon dioxide emissions from a range of industrial sectors and is also a feasible 
option for small and medium-scale industrial applications. This combination of flexibility, 
cost-effectiveness and the creation of valuable by-products from the process, which 
include silicon dioxide and numerous trace metals, means this innovative technology has 
significant potential. 

We will continue to support cutting edge innovation in novel and advanced technologies 
that could support a transformation to low carbon processes.

Nuclear process heat

While large-scale nuclear reactors are typically used for electricity generation, 
there are global examples of nuclear use in many industrial processes including: 
chemical processing, paper production, desalination, steam supplies as well as 
wider applications such as district heating. More recently, designers of new small 
and advanced modular reactors are focusing on systems with smaller power outputs 
which could offer flexible power generation and storage, as well as further potential 
applications ‘beyond the grid’, such as industrial process heat, low carbon hydrogen 
production and synthetic fuel production. This potential to produce high temperature 
heat can be used as an alternative to fossil fuels in industrial processes. The Ten Point 
Plan announced up to £385 million for an Advanced Nuclear Fund to invest further in 
these technologies including: 

• Small modular reactors (SMRs): we aim to have the first SMRs commercially 
deployed in the early 2030s, with up to £215 million investment to develop a 
domestic SMR design

• Advanced modular reactors (AMRs): We are investing up to £170 million in an 
ambitious programme of R&D with the aim of an operational AMR demonstrator 
in the early 2030s. Some designs have the potential to produce high-quality, high-
temperature heat up to 950°C which could significantly extend the opportunity for 
industrial heat use
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Action 6.5: Support advancements in product innovation
Product innovation involves redesigning existing goods to be more sustainable as well 
as designing and producing entirely new goods that have sustainability in mind from the 
outset. Examples of product innovations which have significant potential include:

Alternative cements: by sourcing low carbon material inputs such as pre-calcined raw 
materials and developing lower clinker cements and concretes, alternative binders and 
cement formulations, embodied emissions within the cement that is manufactured can 
be reduced.

Remanufacturing: a series of manufacturing steps acting on an end-of-life part or 
product in order to return it to like-new or better performance, with warranty to match. 
Remanufacturing not only preserves valuable raw materials, but also uses less energy. 
The energy required to remanufacture a product can be up to 90% less than to 
manufacture from raw materials.

We will work with industry and academia to identify and support key innovations in the 
design of industrial products that can significantly reduce emissions.
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Decarbonising industry is a global challenge. Industrial products are bought 
and sold in every country in the world, making up a significant proportion 
of international trade, and the sector accounts for 24% of global energy-
related carbon dioxide emissions (IEA, Tracking Industry 2020, 2018). By 
leading and advocating for stronger international collaboration with others, 
we can develop new technologies faster, increase production of low carbon 
products, and bring down the overall costs of industrial decarbonisation. 
Driving decarbonisation internationally can further protect our domestic 
industries from the risk of carbon leakage, complementing our domestic 
measures discussed in Chapter 2.

Our vision is that over the next few decades, the UK will be a global leader in industrial 
decarbonisation and manufacturing of low carbon industrial products. We will use 
the full range of levers available to government to achieve this, strengthening 
international ties both bilaterally and multilaterally, and supporting industrial 
decarbonisation efforts across the globe. 

The UK is already a leader in the fight against climate change, and we look forward to 
hosting the COP26 UN Climate Conference, which will take place between 1st - 12th 
November 2021 in Glasgow. Using our presidency of COP26 and the G7, and wider 
diplomatic efforts, we are working to establish greater coordinated climate action 
across sectors. 

To help develop long-term partnerships for COP26 and beyond, government will:

Action 7.1: Work with our partners to create a coalition 
of countries committed to shared approaches to 
developing the market for low carbon products
In Chapter 3 of the strategy, we set out how the UK will develop proposals to grow 
demand for low carbon industrial products. Global alignment on these approaches can 
be mutually beneficial; providing a stronger market signal to drive decarbonisation in 
industry. Joint commitments and global coordination to procure low carbon industrial 
products can catalyse demand and increase the incentive for companies to move onto 
a low carbon pathway. Combining this with shared standards for products could enable 
the market to flourish, as well as simplify the policy landscape for businesses operating in 
multiple markets. 

We will be pursuing opportunities through the G7, G20, Office for Economic Cooperation 
and Development (OECD) and United Nations Environment Programme (UNEP) to create 
coordinated and scaled-up action. We want to work with our international partners 
to share approaches to developing the market for low carbon products and take 
advantage of these benefits. 
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To do this, the UK is leading efforts to stimulate joint commitments in these areas through 
the Leadership Group for Industry Transition (LeadIT), which was established at the 
United Nations Climate Action Summit in 2019. This group aims to foster public-private 
collaboration supported by technical expertise sharing to accelerate the decarbonisation 
of industry. The UK is also developing a new initiative under the Clean Energy Ministerial, 
supported by the United Nations Industrial Development Organisation and several leading 
countries, which we want to focus on using collective public procurement action to 
enhance the demand for green industrial products, such as steel and cement. 

Alongside this, we will work in partnership with industry-led organisations, including the 
Mission Possible Partnership, and SteelZero of the Climate Group, who are seeking to 
establish green buyers alliances for low carbon industrial products. Further development 
of these initiatives will progress in the build up to COP26 and beyond.
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Action 7.2: Lead global innovation efforts, through the 
UK’s leading role in Mission Innovation, to reduce the 
costs of supplying low carbon industrial products
Innovation can benefit from coordination across countries, to avoid duplication of effort 
and maximise positive outcomes. Mutual knowledge exchange on global innovation 
efforts can support reaching economies of scale for the design and deployment of 
clean industrial technologies, reducing risk and overall costs for industry and taxpayers. 
This can also be a tool to engage countries in wider concerns for industry, including 
overcapacity, as within the steel sector, and barriers to collaboration, like how intellectual 
property regulations can prevent joint working.

Mission Innovation (MI) is a global initiative working to accelerate clean energy innovation. 
Since launching at COP21 in 2015, MI has driven increased clean energy innovation 
investments and strengthened collaboration between countries, accelerating the ‘push’ 
of new technologies through research development and demonstration (RD&D). Over the 
past five years, MI members have delivered $4.9 billion increase in annual investment 
in clean energy innovation; and over 1,000 innovations globally (Mission Innovation, 
2020). The UK has exceeded the commitment we made to double our own clean energy 
innovation spend over the same period.

Innovation is a priority for the UK’s COP26 presidency, and we are actively leading the 
development of the next phase. Mission 2.0 will shift to a mission-orientated approach, 
setting ambitious goals for the technologies and sectors where international RD&D efforts 
will yield substantial benefits.

The UK will look to develop missions with other leading economies that will work 
towards bold targets and support the UK’s goals for industrial decarbonisation. 
We will seek to ensure new missions launched at the 6th MI Ministerial and COP26 
accelerate the development of affordable, accessible solutions for transition pathways 
essential to achieve net zero in industrial sectors, such as clean hydrogen, electrification 
and clean industrial processes.

In addition to the fora described under Actions 1 and 2, we are considering how best 
to advance the UK’s climate change objectives at the World Trade Organisation, with 
organisations like the OECD and World Economic Forum, and as part of the UK’s 
upcoming G7 presidency. 

To help develop UK and global partnerships, government will:
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Action 7.3: Support industrial decarbonisation through 
trade policy
The UK is starting out on a new and exciting chapter in our global trading history. We are 
now free to enter into our own trade agreements with third countries, and we are eager 
to develop new relationships across the world. The UK’s trade policy, including through 
our new Free trade agreements (FTAs) and independent membership of the WTO, can 
support industrial decarbonisation by:

• maintaining both parties’ right to regulate in pursuit of decarbonisation and 
reaffirming our respective commitments to the United Nations Framework 
Convention on Climate Change (UNFCCC) and the Paris Agreement to reduce 
greenhouse gas emissions

• improving market access for low carbon technologies, services and systems by 
tackling both tariff and non-tariff barriers to trade, for example agreeing a common 
framework for the certification of low carbon industrial products

• supporting greater collaboration on decarbonisation, such as exploring opportunities 
for practical cooperation on carbon pricing, including through possible linking of 
emissions trading systems, and committing to increased joint information exchanges 
and cooperative working in international forums

• addressing unfair industrial subsidies, which distort markets and prevent long term, 
low carbon investments

Potential implications of future trade agreements

We have successfully agreed an ambitious trade deal with the EU, our biggest trading 
partner. The Trade and Cooperation Agreement (TCA) is unprecedented in the crucial 
importance and prominence it attaches to tackling climate change. It elevates both the 
UK and EU’s commitment to the fight against climate change and respect for the Paris 
Agreement, making it an ‘essential element’ of the agreement. It also demonstrates our 
continued commitment to carbon pricing as an effective tool to help fulfil our climate 
change objectives. The deal protects both parties’ right to regulate, to set our own 
policies and priorities to meet our ambitious climate goals.

We have also concluded an FTA with Japan and are currently negotiating ambitious 
bilateral trade deals with other countries, including New Zealand, Australia, and the 
United States. In current and future FTAs, we want to emphasise the importance of core 
climate provisions, and to reduce technical barriers to trade, including of low carbon 
industrial products. 
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Through our FTAs, the UK and its trade partners can affirm commitments to implement, 
and cooperate to address global issues through multilateral environmental agreements 
(MEAs), including the Paris Agreement.

Trade agreements also change industry’s exposure to international competition, and have 
the potential to impact the environment by changing patterns of production for the goods 
and services that are traded. We will ensure these considerations are properly understood 
and factored into UK trade and decarbonisation policy, particularly around the risk of 
carbon leakage, as discussed in Chapter 2. 

Action 7.4: Capitalise on the export opportunities of 
having a world-leading net zero industry
The race to net zero is on: we need to capitalise on our strengths and remain at the 
forefront of emerging innovative technologies and industries in the years ahead. In doing 
so, we will position the UK to springboard into expanding its low carbon technologies 
export markets and maximising the ‘first mover’ advantage to provide knowledge and 
technologies to emerging markets. 

As countries continue to increase their ambition to meet the goals of the 2015 Paris 
Agreement, there will be expanding export opportunities for the products and services 
needed in a low carbon economy. It is estimated that global trade in a selection of low 
carbon products and services could increase from around £0.5 trillion in 2015 to £1.1–
£1.6 trillion in 2030, and to £2.8–£4.5 trillion in 2050 (CCC, UK business opportunities of 
moving to a low carbon economy, 2017).

If global industry emissions are reduced by just 70% in 2050 relative to 2012 levels, 
exports of related decarbonisation technologies can offer approximately £1.4 billion in 
GVA per annum to the economy (Vivid Economics, Energy Innovation Needs Assessment: 
Industry, 2019). Hydrogen production equipment has the potential to cover a market of 
approximately £4 billion annually by 2050 and stationary fuel cells used for vehicles could 
make up a traded market of £15 billion annually (Vivid Economics, Energy Innovations 
Needs Assessment: Hydrogen and fuel cells, 2019).

£1.4 billion 18,000
added to GVA per 
annum by 2050

jobs supported 
by 2050

Figure 7.1: Value of UK exports related to industrial decarbonisation technologies in 
2050 Source: EINA Industry Report, 2019
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Identifying opportunities and promoting exports is one of government’s key objectives 
across the economy. We are working to secure global investment to support the 
growth of the UK’s green industrial base, growing supply chain capability and capacity 
across the UK, reducing the cost of clean growth technologies and creating sustainable 
opportunities for the UK to reduce emissions overseas through our exports. The UK low 
carbon export opportunities will be further supported by the UK Global Tariff Schedule 
launched in May 2020, which seeks to promote net zero industry through the reduction 
of tariffs on over 100 products to back renewable energy, energy efficiency, carbon 
capture, and the circular economy. At the WTO, the UK has joined a new group focused 
on advancing the sustainable trade agenda – the Structured Discussions on Trade and 
Environmental Sustainability – and will be exploring options to build on progress we have 
made on Environmental Goods and Services liberalisation. 

Finally, we will deploy UK Export Finance’s £2 billion Clean Growth Direct Lending Facility 
to international clean growth projects and create export opportunities for the UK supply 
chain through UKEF’s network of international export finance executives. We will open 
these international opportunities by connecting UK suppliers and providing trade finance 
support to enable SMEs across the whole of the UK to internationalise their activities.

Case study: Food and drink

Food and drink processing and the manufacturing of the packaging they go in are both 
sources of industrial emissions in the UK. The food and drink industries are also major 
exporters, with products such as whisky, salmon and chocolate being exported across 
the world. In 2020, the Food and Drink Federation published a report Decarbonisation 
of heat across the food and drink manufacturing sector, which sets out how the sector 
can achieve a net zero carbon footprint by 2050. Decarbonisation options for the sector 
focus on electrifying processes and fuel switching to low carbon gas such as hydrogen 
for high grade heat processes. Government and the sector will need to work together 
to deploy these technologies and ensure our businesses are able to decarbonise, and 
take advantage of the new international collaboration and export opportunities that will 
follow in the coming decades.
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Action 7.5: Continue to work with key international 
organisations, countries and initiatives to encourage 
industrial decarbonisation in developing countries
Direct emissions from industry could be 28% lower in 2050 if industrial decarbonisation 
is supported in developing countries (Vivid Economics, BEIS ICF Mitigation Investment 
Options, 2020). Since 2012 we have committed £70 million of Official Development 
Assistance (ODA) for promoting carbon capture, usage and storage, a critical technology 
for decarbonising industry in developing countries.

Last year, we announced £15 million of UK international climate finance (ODA) through 
a new Clean Energy Innovation Facility to support research, development, and 
demonstration (RD&D) in developing countries to decarbonise industry. In addition, we 
committed up to £27 million to two programmes that help developing countries design 
and implement carbon taxes and emissions trading systems. These have shaped carbon 
taxes in Chile, South Africa and Mexico, and China’s national ETS, which will be the 
largest carbon-pricing instrument in the world by coverage. 
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Overcoming geographic inequalities is a key priority for this government. The 
manufacturing sector is a crucial part of local economies across England, 
Scotland, Wales and Northern Ireland, often providing well-paid jobs in areas 
where salaries fall below the UK average. For example, in 2020, the average 
steel wage was £34,000, almost 50% higher than the average in Wales and 
the Yorkshire and Humber regions (NOMIS, Official Labour Market Statistics, 
2020) (ONS, Annual Survey of Hours and Earnings, 2020)9. It is therefore vital 
that the manufacturing sector thrives now and in the future. 

Decarbonisation is an opportunity to transform the UK’s industrial regions, attracting 
inward investment, future proofing businesses and securing the long-term viability of 
jobs. As we set out in the Ten Point Plan, building back better can also help repair the 
economic damage of COVID-19 and put in motion a Green Industrial Revolution. This 
plan, which is part of the government’s mission to level up the country, will mobilise 
£13 billion of government investment, to create and support up to 250,000 green jobs 
throughout the UK (HM Government, Ten Point Plan, 2020). 

While reaching net zero is our ultimate goal, decarbonising industry will have benefits that 
span beyond reducing emissions. Latest statistics show, between 1990 and 2019, the 
UK has reduced emissions by 44% (BEIS, Final UK greenhouse gas emissions national 
statistics: 1990 to 2019), while growing the economy by 78% (ONS, Gross Domestic 
Product: chained volume measures, 2021). This trend can continue with a low carbon 
industrial sector that drives economic growth and supports green jobs. Figure 8.1 
demonstrates the range of areas of potential growth offered by industrial decarbonisation. 
From building new infrastructure for innovative technologies, to developing the circular 
economy value chain, decarbonisation presents a significant opportunity to boost the 
UK’s economy and revitalise our industrial heartlands.

To help regions across the UK to benefit from the low carbon transition, government will:

Action 8.1: Unlock new job opportunities through 
deployment of low carbon infrastructure in 
industrial areas 
Earlier chapters in this strategy set out the need to build new infrastructure that will be 
required to use technologies like CCUS and low carbon hydrogen. There is – particularly 
across the UK’s industrial clusters – significant potential to create new jobs through the 
deployment of low carbon infrastructure and technologies. For example, our commitment 
to support deployment of CCUS could help to create 50,000 jobs alone in the UK by 2030 
(HM Government, Ten Point Plan, 2020).

9 The median wage is 45% higher than Yorkshire and Humber, and 47% higher than Wales’ median.
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Figure 8.1: Illustrative example of the five channels of potential growth from decarbonisation (BEIS analysis, 2020).
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As demonstrated in Figure 8.2, UK industry is located across different areas of the UK, 
with significant clusters based outside of London and the South East. We have published, 
as an annex to this strategy, a delivery plan for industrial clusters, summarising how we 
will work with industry and local communities to achieve our bold ambition to establish 
four low carbon industrial clusters by 2030 and at least one net zero industrial cluster by 
2040. Successful deployment of low carbon technology in these areas could result in new 
job creation across Teesside, Yorkshire and the Humber, Black Country, North West of 
England, Solent region, Scotland and South Wales. For example, analysis carried out by 
Vivid Economics illustrates that UK-wide deployment of CCUS and low carbon hydrogen 
has the potential to support up to 33,000 direct jobs and £2.5 billion in direct GVA in 
2030, across a number of decarbonisation projects based in the Humber, Teesside, 
Scotland and the North West (Vivid Economics, Capturing Carbon at Drax: Delivering 
Jobs, Clean Growth and Levelling up the Humber, 2020).

To supplement the investment in infrastructure and new technologies discussed in 
Chapters 2 and 4, we will explore the action required to help create new job opportunities 
for those based in industrial regions while enabling rollout of low carbon infrastructure 
across the UK. 

Action 8.2: Support the skills transition so that the 
current and future workforce benefit from the creation 
of new jobs
As the low carbon industrial sector grows and new jobs are created, there will be an 
opportunity for local people to take advantage of new jobs across industry and its 
supply chain. As the skills requirement evolves with industry’s adoption of low carbon 
technologies, we will need to make sure that local workers are supported in the transition 
from high carbon to low carbon jobs. 

Government schemes and policies will play a vital role in supporting this transition 
to ensure that businesses can appropriately upskill and retrain their staff. The future 
workforce will also need to be equipped with the right skills to help them succeed in a 
low carbon world; supporting sustainability through the education system will be crucial. 
In September 2020, we introduced the first wave of T Levels, new technical study 
programmes for 16-to 19-year-olds that combine classroom learning with a substantive 
industry placement. Pathways in construction, engineering and manufacturing and 
agriculture will support progression into skilled occupations related to sustainability, 
including areas of sustainable construction and renewable energy. The Institute for 
Apprenticeships and Technical Education has set up a Green Apprenticeship Advisory 
Panel which is supported by a wider green community. The panel and community will 
inform the Institute’s strategy on apprenticeships and the creation of new apprenticeships 
suited to a low carbon workforce.

As announced in the Ten Point Plan, the government’s Green Jobs Taskforce will develop 
recommendations for an action plan to support 2 million good quality, green jobs by 
2030. Building on the findings of the Green Jobs Taskforce, we will be developing our 
evidence base on the skills needed in a low carbon industrial sector. This will inform 
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Figure 8.2: Map of industrial sites across the UK with emissions greater than 0.1 
MtCO2e (BEIS, 2020), key industrial clusters of sites of any size are highlighted.
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our understanding of the skills requirement to achieve our industrial decarbonisation 
ambition, and whether any further government action is needed to support the transition. 

We also acknowledge that as more workers acquire the skills to implement low carbon 
technologies, we must ensure we have the supply chain capabilities to achieve our 
ambition. As set out in Chapter 4, we will support the development of a UK based supply 
chain and ensure that this can meet the demands of future low carbon jobs and wider 
industrial decarbonisation efforts. 

Action 8.3: Create incentives for new industrial sectors 
to base themselves in the UK’s industrial hubs and 
promote opportunities to attract foreign investment
We want the UK to be the world’s most innovative economy and the best place to start 
and grow a business. As well as decarbonising existing industry, we want to grow future 
industrial sectors and position the UK as a world leader in the production of low carbon 
industrial goods. We want to encourage global investment in our old and new industrial 
sectors, increasing our competitiveness, innovation and expertise. There is scope for the 
UK to achieve competitive advantage in the industrial sectors of the future, for example 
speciality chemicals and production of electric vehicles.

High Potential Opportunities (HPOs) are one of several investment support programmes 
designed to promote foreign investment into innovative areas of the economy, with recent 
funding supporting a range of decarbonisation projects across the UK’s manufacturing 
sector. For example, the HPO programme has identified that Manchester has the 
potential to become a ‘super-centre’ for sustainable packaging design and manufacture 
in the food and drink sector. 

Other government policy that can support investment in low carbon manufacturing include:

• the new Office for Investment, encouraging foreign investment into the UK and 
ensuring that this drives economic recovery and growth across the UK 

• recently announced ‘Investment Champions’ across the Midlands Engine and 
Northern Powerhouse, helping to showcase the region’s strengths and attract 
foreign investment 

Freeports will also play a key role as we level up across the country. A number of industrial 
clusters are located in or nearby UK ports. We will establish Freeports as national hubs for 
global trade and inward investment across the UK. A Freeport is usually defined as a place 
to carry out business inside a country’s land border but where different customs rules 
apply. The UK’s bespoke, flexible Freeports model goes further, combining customs zones 
with tax reliefs, planning freedoms and support for regeneration and innovation.

As part of Budget 2021, following a fair, open and transparent selection process, eight 
Freeport locations in England have been announced at East Midlands airport, Felixstowe 
and Harwich (Freeport East), Humber, Liverpool city region, Plymouth and South Devon, 
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Solent, Thames, and Teesside. We expect the first Freeports to be operational this 
Autumn. There are ongoing discussions with the administrations in Scotland, Wales and 
Northern Ireland to establish at least one Freeport in each nation as soon as possible.

We will continue to design policy to attract investment in the UK’s manufacturing sectors, 
encouraging businesses to locate themselves in the UK’s industrial clusters, where they 
will have the potential to benefit from low carbon infrastructure in the future.

Case study: EV battery production

As part of our ambition to develop and embed the next generation of zero emission 
technologies and vehicles in the UK, we have committed to investing nearly £500 
million through the Automotive Transformation Fund (ATF) over the next four years. This 
is part of our commitment to provide up to £1 billion to support the electrification of UK 
vehicles and their supply chains. Securing battery cell manufacturing (‘gigafactories’) 
is a priority as this will help to anchor the mass manufacture of electric vehicles in the 
UK, safeguarding jobs, and driving emissions to net zero by 2050. Targeted investment 
in motors, drives, power electronics and hydrogen fuel cells is also a priority. This 
commitment will boost international investment into our strong manufacturing bases, 
supporting the 167,000 existing jobs in the automotive sector including the clusters of 
activity in the Midlands and North East (ONS, Annual Business Survey 2018 data, 2020). 
ATF support is available to businesses and investors in all parts of the UK.
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Action 8.4: Work with devolved government across 
England, Scotland, Wales and Northern Ireland to 
unlock barriers to decarbonisation 
Successful utilisation of this strategy, including on jobs and skills, will require leadership 
and support at a regional level. We will continue to strengthen relationships with local 
government across England, and with the devolved administrations, to understand and 
unlock the unique barriers to decarbonisation faced by industry across the UK.

Regions across England

In England, local government can play an important role in supporting the delivery of 
industrial decarbonisation, being most informed about local skills and infrastructure 
needs. Government can steer local action through working with places as they develop 
local economic strategies or local plans for economic recovery and encouraging pan-
regional partnerships such as the Northern Powerhouse and Midlands Engine to set 
decarbonisation as a key focus. Following publication, we will continue to work closely 
with local and regional partners across England to champion the local voice, to ensure 
the economic benefits are captured locally and to understand and overcome any barriers 
to decarbonisation that prevent implementation of this strategy.

Devolved nations

In 2019, the UK government committed to meeting a UK wide net zero target by 2050. 
The Scottish Government has legislated to reach its own net zero target by 2045. The 
Welsh Government currently has a legislated target for a 95% reduction in greenhouse 
gas emissions by 2050 (against a 1990 baseline), but has recently laid new legislation 
before the Senedd to amend this target to net zero by 2050. Northern Ireland currently 
does not have a separate target. 

While decarbonisation presents an exciting opportunity for the UK, there are unique 
challenges and opportunities for industrial decarbonisation in Scotland, Wales and 
Northern Ireland. Government funding has been designed to support the decarbonisation 
of industry across the UK. For example, the £170 million Industrial Decarbonisation 
Challenge has so far committed £8 million to industrial cluster projects, including those 
in Scotland and South Wales to advance their cluster decarbonisation plans. The Energy 
Innovation programme is accelerating the commercialisation of innovative clean energy 
technologies with £100 million available for industrial decarbonisation across all nations. 

The case studies set out below demonstrate the key role that industrial decarbonisation 
could play in supporting devolved nations to reach net zero. The allocation of new 
government support to these particular clusters remains subject to future decision-
making processes. We will continue to work with devolved administrations to ensure that 
UK policy is designed in a way that supports Scotland, Wales and Northern Ireland as 
well as the UK overall.
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Project Acorn, Scotland

A range of Scottish industrial stakeholders have developed plans to decarbonise the 
Lothian/Grangemouth/Fife to St Fergus industrial cluster, one of the largest in the UK. 
Project Acorn’s plans include establishing CCS infrastructure and development of a 
scalable hydrogen production hub that offers significant benefits to the UK economy. If 
these plans are developed further, the proposals could help achieve Scotland’s net zero 
target, as well as economic growth and an energy and job transition for Scotland. 

South Wales Industrial Cluster

Ambitious plans are in place to decarbonise a number of industrial sites across South 
Wales. A collaborative partnership of businesses in Wales are seeking to explore what 
infrastructure is required to develop large scale CCUS projects, as well as a hydrogen 
economy for Wales. A transition to a low carbon future in Wales could help support local 
communities, create new jobs and contribute to local economic growth. It could also 
position Wales as a key area for possible inward investment.

Encirc, Northern Ireland (Glass)

Unlike other parts of the UK, Northern Ireland does not have large industrial clusters. 
Manufacturing in Northern Ireland spans a number of dispersed sites across advanced 
and heavy engineering, life sciences and agri-food sectors. One example is Encirc, a 
glass manufacturer that supplies glass bottles to a range of food and drink producers. 
Encirc’s 2021 fuel switching project in partnership with Glass Futures saw it switch one 
of its furnaces from natural gas to a sustainable biofuel (derived from organic waste). 
Encirc used 100% recycled glass as part of the trial, creating sustainable glass bottles 
and demonstrating that furnaces can operate without the need for fossil fuels. Encirc has 
been investigating options for deep decarbonisation across all of its operations, including 
the production of green hydrogen from renewable electricity. This could enable Encirc 
to fully decarbonise its production and transport operations, and potentially become 
carbon negative.
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Industrial decarbonisation is a complex process and it is imperative that 
we take action now to reach our 2050 goals. The UK already has a well-
established system for reporting on emissions through the carbon budgets, 
a process that is supported by the independent Climate Change Committee 
(CCC). There are also various schemes for industry to report on emissions 
and energy use. In this strategy, we are setting out new ambitions for a 
thriving low carbon industrial sector and the technologies that will underpin 
that. For this reason, we need additional indicators to measure our progress. 
We want to see significant emission reductions, but there are other changes 
we need to track too. For example, we need to track the deployment of new 
infrastructure that will enable widespread capture and storage of carbon 
dioxide, as well as monitoring the growth of green jobs in industry.

This chapter sets out our principles for tracking progress, the indicators and examples of 
metrics we plan to use and how we will report on them.

Principles
The UK is setting world-leading ambition for decarbonisation. There are few international 
standards in this space and our approach will set a benchmark that others can follow. We 
aim to track progress effectively while minimising the burden on industry and government. 
To be successful, our approach needs to be:

• strategic in aligning to our wider goals for clean growth and levelling up, making 
sure we reduce emissions in the UK without pushing them abroad

• effective in providing insightful results that allow us to assess progress, hold 
government and industry to account and take remedial action if needed

• proportionate in the burden this puts on industry and government, making best use 
of existing data sources and encouraging firms to champion their own results

• flexible and responsive to changes in technologies, society and the market for 
industrial products, which could require changing the indicators in the future
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Accountability
Both government and industry have a responsibility to keep the public informed about 
progress on decarbonisation. 

Every year, government publishes a response to the Climate Change Committee’s 
(CCC) annual progress report. This response outlines the progress made in 
decarbonising each of the major sectors, including industry, reporting on current levels of 
emissions and energy use, and responding to the recommendations of the CCC. We will 
use this response to inform the public on progress against the actions set out in this 
strategy and the indicators and metrics set out in this chapter. 

Low carbon technology, industry and society will change over time. Policy will need to 
adapt as we learn more about industrial decarbonisation, drawing on lessons from home 
and abroad. We therefore plan to review the actions in this strategy and update them 
where needed every five years. 

Shareholders, customers and employees will take an increasing interest in the actions 
industry is taking to decarbonise and company reporting is an important resource to 
inform public debate. Noting this importance, we are proposing forthcoming regulations 
to require climate-related financial disclosures, as referenced in Chapter 3.

Indicators
We need concrete measures to assess progress against the ambitions set out in Chapter 
1 of this strategy. Table 9.1 gives example metrics that allow regular comparisons over 
time. These link directly to our ambitions, as shown in Table 9.1. We will test and develop 
these indicators with stakeholders and provide further details in the next progress report. 

As described in this strategy, there are different phases to industrial decarbonisation. 
Some metrics, like efficiency improvements and engineering studies for infrastructure, 
will be particularly important in the 2020s. Others, such as the percentage of low carbon 
industrial products in circulation, will be more relevant in future decades. We can also add 
new metrics in the future in response to developments in technological innovation and 
economic and societal change.

Data
Emissions and energy use data is already collected through several schemes, including 
the Streamlined Energy and Carbon Reporting scheme and the UK Emissions Trading 
Scheme (UK ETS) for larger energy users. Areas where more work may be needed include 
the evidence base for smaller site emissions, energy and resource efficiency, embodied 
carbon in products and materials and full life cycle assessment data. Carbon savings 
from CCUS are not currently reported but we will monitor progress in line with specific 
CCUS programmes. As robust sources of evidence in these areas are not yet available, 
we will monitor developments in these evidence bases and report on them in the future.
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Looking ahead
This strategy shows it is possible to have a thriving industrial sector consistent with our 
net zero target. Government, communities, industry and customers now need to put this 
strategy into practice. Our delivery plan (Annex 1) summarises the actions in this strategy 
and what we plan to do in the next two years to make progress. This year, we will set 
out our overall Net Zero Strategy, which will build on this strategy and other sectoral 
strategies, by showing how the whole economy will achieve net zero emissions by 2050. 

There will be big decisions to take in the 2020s: where to build infrastructure first, how to 
make all low carbon technologies commercially attractive, and how to treat imports and 
exports as industry decarbonises. These decisions will be based on the best evidence, 
ideas and expertise. In parallel, we will also need adaptation action, building resilience to 
the effects of climate change we are already experiencing.

Climate change is a global issue, and the UK must use our own net zero ambition to 
encourage other nations to adopt similar targets. In November 2021, the UK will host 
the United Nations Framework Convention on Climate Change (UNFCCC), Conference 
of the Parties (COP26), bringing together world leaders, climate experts, business 
leaders and citizens to agree ambitious action to tackle climate change. The Industrial 
Decarbonisation Strategy demonstrates the UK’s commitment to net zero in an area of 
the economy that was often labelled as too hard to decarbonise. By showing that it can 
be done, we hope to encourage similar levels of action from others around the world.
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Table 9.1: Measuring progress against our ambitions

Strategy ambition Example metric

Industrial clusters

Four major industrial clusters linked 
up to the necessary decarbonisation 
infrastructure by 2030, and the world’s 
first net zero industrial cluster by 2040

Number of clusters connected to low 
carbon infrastructure

Industry to consume an increasing 
amount of low carbon fuels (Hydrogen, 
Electricity, Bioenergy) during the 2020s, 
reaching around 20 TWh by 2030

Amount of low carbon fuels used 
in industry (TWh)

Around 3 Mt CO2 of industry emissions 
captured each year by 2030

Amount of CO2 captured in industry 
(MtCO2)

Continued improvement in energy, 
resource and material efficiency 
and increased material substitution 
consistent with pathways to net zero 
from latest government modelling

Remaining potential of energy efficiency, 
resource efficiency and material 
substitution to be achieved based on 
latest government modelling

Development of a market for low 
carbon materials

We will work with industry to develop 
a set of indicators which appropriately 
reflect relevant considerations such 
as embodied carbon and life cycle 
assessment

Improve the skills base across the UK 
in line with required deployment of low 
carbon technologies

Number of low carbon manufacturing 
jobs available in different areas of UK

Cooperation with other leading nations 
and support to the developing world to 
ensure that industrial decarbonisation is 
happening across the globe

Number of countries signed up to key 
multilateral industry decarbonisation 
organisations/initiatives or 
bilateral cooperation on industrial 
decarbonisation
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Figure 9.1: – Indicative strategic indicator framework
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Action Timeframe and action 2021/22 

Action 1.1: We will change the 
policy landscape, creating a set of 
incentives that are coherent and 
enough to drive emissions in line 
with our carbon budget targets 
and all the way to net zero 2050.

Timeframe: 2030

Action in 2021/22: Embed strategy principles 
into key policy decisions: UK ETS reforms; 
CCUS and low carbon hydrogen business 
models development; demand-side policy call 
for evidence. 

Action 2.1: Use carbon pricing 
as a tool to send a clear market 
signal, providing certainty 
over our net zero ambition for 
industrial sectors.

Timeframe: 2020s - 2050s

Action in 2021/22: This will include 
consulting on a net zero consistent emissions 
cap; reviewing the long-term role of free 
allowances; exploring expanding the scope 
of the scheme to cover more sectors of the 
economy; exploring linking with other schemes 
internationally; and considering the case for a 
supply adjustment mechanism.

Action 2.2: Put in place 
funding mechanisms to support 
deployment and use of CCUS 
and low carbon hydrogen 
infrastructure.

Timeframe: 2020s - 2040s

Action in 2021/22: Publish initial business 
models for CCUS (2021) and low carbon 
hydrogen (2022).

Action 2.3: Establish the right 
policy framework to ensure 
uptake of fuel switching.

Timeframe: 2020s

Action in 2021/22: Launch a call for evidence 
on energy affordability.

Action 2.4: Take initial steps 
to create a market for negative 
emissions technologies.

Timeframe: 2020s

Action in 2021/22: Publish response to the 
Greenhouse Gas Removals Call for Evidence.

Action 2.5: Establish a targeted 
approach to mitigating carbon 
leakage. 

Timeframe: 2020s - 2030s

Action in 2021/22: Review the design of the 
UK ETS, including the long-term role of free 
allowances.
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Action Timeframe and action 2021/22 

Action 2.6: Work with 
stakeholders to understand how 
an EU Carbon Border Adjustment 
Mechanism could affect the UK.

Timeframe: 2020s - 2030s

Action in 2021/22: Engage with EU and 
UK business, academic and government 
stakeholders to understand how the policy 
could affect UK industry.

Action 3.1: Develop proposals to 
improve data transparency.

Timeframe: 2023

Action in 2021/22: Call for evidence on low 
carbon products to include data collection to 
support demand-side measures.

Action 3.2: Develop proposals for 
new product standards.

Timeframe: 2025

Action in 2021/22: Call for evidence on 
low carbon products to include defining 
low carbon products.

Action 3.3: Develop proposals for 
product labelling.

Timeframe: 2020s

Action in 2021/22: Consider benefits of 
labelling system for intermediary products.

Action 3.4: Use public 
procurement to drive change.

Timeframe: 2020s – 2050s

Action in 2021/22: Develop Clean Energy 
Ministerial initiative on coordinated public 
procurement action; publish National 
Procurement Policy Statement.

Action 3.5: Support businesses 
to make greener choices.

Timeframe: 2020s - 2050s

Action in 2021/22: Engagement with 
businesses to understand how government 
can support changes in procurement practices 
and encourage consolidated demand via 
buyers’ alliances.
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Action Timeframe and action 2021/22 

Action 4.1: Support deployment 
of CCUS on industrial sites in 
clusters to capture and store 
around 3 MtCO2 per year by 
2030.

Timeframe: 2030

Action in 2021/22: Announce Industrial 
Decarbonisation Challenge Deployment Phase 
2 winners. Publish Initial business models for 
CCUS (2021). Response to consultation on 
Carbon capture, usage and storage: market 
engagement on cluster sequencing. 

Action 4.2: Support increasing 
amounts of fuel switching to low 
carbon fuels during the 2020s.

Timeframe: 2020s - 2030s 

Action in 2021/22: Develop production of 
hydrogen through the Net Zero Hydrogen Fund 
and publish Hydrogen Strategy. Launch a call 
for evidence on energy affordability. Publish the 
Bioenergy Strategy in 2022.

Action 4.3: Consider 
the implications of the 
recommendation of the Climate 
Change Committee to set targets 
for ore-based steelmaking to 
reach near-zero emissions 
by 2035.

Timeframe: 2020s

Action in 2021/22: Collaborate with the 
Steel Council to understand the business 
environment necessary to support the 
transition.

Action 4.4: Work with industry to 
understand what is required to 
make sites retrofit-ready. 

Timeframe: 2020s

Action in 2021/22: Assess the feasibility of 
mandating that new equipment is retrofit ready. 

Action 4.5: Work with the cement 
sector to explore options to 
decarbonise sites in dispersed 
locations.

Timeframe: 2020s

Action in 2021/22: Engage with the minerals 
industry to consider options for dispersed sites, 
building on the report published in August 2020 
(BEIS, CCS deployment at dispersed industrial 
sites, 2020).

Action 4.6: Review policies 
to address specific barriers 
faced by less energy-intensive, 
dispersed sites. 

Timeframe: Early 2020s

Action in 2021/22: Undertake analysis of 
current and emerging energy policies and 
engage with less energy-intensive, dispersed 
sites.
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Action Timeframe and action 2021/22 

Action 4.7: Ensure planning 
reforms brought forward as 
part of Project Speed support 
the delivery of low carbon 
infrastructure 

Timeframe: 2020s

Action in 2021/22: Review planning regimes to 
enable net zero to be delivered at pace.

Action 4.8: Improve coordination 
between decarbonisation and 
environmental policies to meet a 
common sustainability agenda.

Timeframe: 2020s

Action in 2021/22: Assess synergies and 
alignment between decarbonisation and 
environmental policies.

Action 5.1: Support sites to 
install energy management 
systems.

Timeframe: Early 2020s

Action in 2021/22: Encourage organisations to 
adhere to the requirements set by international 
energy management standards.

Action 5.2: Improve heat 
recovery and reuse across 
industry, particularly in sites 
which use high temperature 
processes.

Timeframe: 2020s

Action in 2021/22: Develop projects through 
the Industrial Heat Recovery Support (IHRS) 
programme (closed to new applications but 
funding will be provided until 2022) and the 
Industrial Energy Transformation Fund (IETF), 
with phase 2 of the IETF launching in 2021.

Action 5.3: Help less 
energy-intensive, dispersed 
industrial sites improve energy 
efficiency through the adoption 
of technologies available in the 
market with low payback times.

Timeframe: 2020s

Action in 2021/22: Review how sites can adopt 
energy efficiency solutions, with measures 
being considered including audit programmes, 
expert advice, and training for SMEs as well 
as expanded funding schemes and finance 
options.

Action 5.4: Develop a 
communications plan to make 
industry aware of the support that 
is already available to increase 
energy efficiency.

Timeframe: Early 2020s

Action in 2021/22: Develop a plan which 
focuses on providing direct advice, advice on 
best practice, behaviour changes and digital 
solutions.
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Action Timeframe and action 2021/22 

Action 5.5: Support increased 
resource efficiency and material 
substitution within industry, by 
driving the transition towards 
a circular economy model and 
increasing reuse, repair and 
remanufacturing.

Timeframe: 2020s

Action in 2021/22: Publish modified Waste 
Prevention Programme.

Action 6.1: Support innovation 
in fuel switching technologies, 
including low carbon electricity, 
biomass and hydrogen.

Timeframe: 2020s - 2040s

Action in 2021/22: Utilise funds from the Net 
Zero Innovation Portfolio to accelerate the 
development of electrification and hydrogen/
biomass fuel switching.

Action 6.2: Support first-of-a-
kind demonstration of CCUS 
from a range of industrial 
sources.

Timeframe: Mid 2020s

Action in 2021/22: Support CCUS innovation 
through the Carbon Capture and Utilisation 
Demonstration (CCUD) Innovation Programme.

Action 6.3: Support the 
development of industrial digital 
technologies to maximise 
efficiency improvements.

Timeframe: Early 2020s

Action in 2021/22: Support research 
and analysis into funding, feasibility and 
deployment of the latest digital technologies, 
through the Manufacturing Made Smarter 
Challenge programme.

Action 6.4: Support research into 
advanced technologies.

Timeframe: 2020s

Action in 2021/22: Analyse opportunities 
and develop an approach towards utilising 
digitalisation technologies to support 
industrial decarbonisation ambitions using 
advanced technologies to support industrial 
decarbonisation ambitions.

Action 6.5: Support 
advancements in product 
innovation.

Timeframe: 2020s - 2050

Action in 2021/22: Incentivise the uptake 
of smarter designs of industrial products 
and more efficient technologies through 
programmes such as Made Smarter.
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Action Timeframe and action 2021/22 

Action 7.1: Work with our 
partners to create a coalition of 
countries committed to shared 
approaches to developing the 
market for low carbon products. 

Timeframe: 2021 – 2030

Action in 2021/22: Use COP26 and the G7 
Presidency to seek joint commitments on 
using public procurement to drive industrial 
decarbonisation.

Action 7.2: Lead global 
innovation efforts, through the 
UK’s leading role in Mission 
Innovation, to reduce the costs of 
supplying low carbon industrial 
products.

Timeframe: 2020s - 2050

Action in 2021/22: Participate in emerging 
Missions (public-private innovation alliances); 
engage the UK private sector, governments 
and academic in Missions; and share 
knowledge about innovation advances 
and successes in UK industry through the 
Innovation Platform that will be launched as 
part of MI 2.0.

Action 7.3: Support industrial 
decarbonisation through trade 
policy.

Timeframe: 2020s - 2050

Action in 2021/22: Ensure the UK’s right to 
meet our Net Zero target is protected within 
Free Trade Agreements and advance the UK’s 
climate change objectives at the WTO, with 
organisations like the OECD and WEF, and as 
part of the UK’s upcoming G7 presidency.

Action 7.4: Capitalise on the 
export opportunities of having a 
world-leading net zero industry.

Timeframe: 2020s - 2050s

Action in 2021/22: Explore further options to 
build on progress on Environmental Goods 
and Services liberalisation and ensure UK 
exports continue to be supported by the UK 
Global Tariff Schedule and the Clean Growth 
Direct Lending Facility to create opportunities 
globally. 

Action 7.5: Continue to 
work with key international 
organisations, countries and 
initiatives to encourage industrial 
decarbonisation in developing 
countries. 

Timeframe: 2020s - 2050s

Action in 2021/22: Support industrial 
decarbonisation projects with Official 
Development Assistance through existing 
programmes: the Clean Energy Innovation 
Facility and the International CCUS 
Programme. 
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Action Timeframe and action 2021/22 

Action 8.1: Unlock new job 
opportunities through deployment 
of low carbon infrastructure in 
industrial areas.

Timeframes: 2020s - 2030s

Action in 2021/22: Announce Industrial 
Decarbonisation Challenge Deployment Phase 
2 winners. 

Action 8.2: Support the skills 
transition so that the current and 
future workforce benefit from the 
creation of new jobs.

Timeframe: 2020s

Action in 2021/22: Building on the findings 
of the Green Jobs Taskforce, further develop 
our understanding of the skills requirement to 
achieve our industrial decarbonisation ambition 
and support educational institutions and 
industry to deliver.

Action 8.3: Create incentives for 
new industrial sectors to base 
themselves in the UK’s industrial 
hubs and promote opportunities 
to attract foreign investment.

Timeframe: 2020s - 2040s

Action in 2021/22: Ensure future UK economic 
growth policy supports investment in the UK’s 
low carbon manufacturing sector. There are 
ongoing discussions with the administrations 
in Scotland, Wales and Northern Ireland to 
establish at least one Freeport in each nation 
as soon as possible.

Action 8.4: Work with devolved 
government across England, 
Scotland, Wales and Northern 
Ireland to unlock barriers to 
decarbonisation.

Timeframe: 2020s - 2040s

Action in 2021/22: Understand local barriers 
and opportunities faced by industry and local 
government in England. Continue to work 
closely with devolved administrations where 
devolved powers are required to take forward 
policy development. 

Action 9.1: Publish an update on 
the progress of the Strategy every 
year in the annual government 
response to the Climate Change 
Committee’s progress report. 
Publish an update of the actions 
in the strategy every five years. 

Timeframe: 2020s - 2050

Action in 2021/22: Ensure frameworks are in 
place to publish an update on the progress 
of the strategy within the annual government 
response to the Climate Change Committee’s 
progress report.
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The table below details the full set of current UK government policy that directly enables 
or supports decarbonisation in industry. As set out in Chapter 1, government will build 
on this policy landscape in the coming years, aligning approaches to our net zero target 
and introducing new policies to address any outstanding barriers to decarbonisation. All 
policies are listed in alphabetical order within the associated funding group (the Net Zero 
Innovation Portfolio is a continuation of the Energy Improvement Programme).

Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Carbon Pricing

Climate Change 
Levy (CCL) 

The scheme acts as an 
environmental tax on 
commercial energy use 
(electricity and gas) applicable 
to organisations operating 
in various sectors and aims 
to promote energy efficiency 
across industry. Organisations 
are eligible to receive a 
reduction in fees related to 
the main rates of the CCL, if 
they are an energy-intensive 
business that has entered 
into a Climate Change 
Agreement (CCA) with the 
Environment Agency.

Industry spending: £510 
million per year (2018/19). £2 
billion in total per year across 
all sectors, including industry, 
agriculture, commercial and 
public services.

Net zero contribution: 
Maximising energy efficiency 
is essential for achieving net 
zero.

UK Emissions 
Trading Scheme 
(UK ETS)

The UK ETS aims to 
provide a long-term carbon 
price signal for UK heavy 
industry, aviation and power 
sectors to incentivise sector 
decarbonisation and support 
the UK to meet its legally 
binding carbon reduction 
targets. 

Industry spending: £390 
million per year (based on 
previous EU ETS costs for 
2019).

Net zero contribution: The 
cap (limit on emissions) will be 
aligned with net zero by 2024. 
The initial cap has been set 
5% below the UK’s notional 
share of the EU ETS for Phase 
IV to ensure long-term carbon 
reduction across industry.
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Competitiveness Support

Climate Change 
Agreements 
(CCAs) 

CCAs have the dual aim 
of supporting industrial 
businesses to achieve 
energy and carbon savings 
through energy efficiency 
improvements; while 
helping to reduce energy 
use in energy-intensive 
sectors by providing a 
significant discount on the 
CCL payments. Operators 
who achieve the required 
improvements in energy 
efficiency and reduced carbon 
emissions are certified to 
continue to receive the CCL 
payments discount.

Government spending: £200 
- 300 million per year.

Net zero contribution: 
Collectively, the scheme 
secures savings of 0.3 - 0.7 
MtCO2e per annum. Uptake 
of the scheme represents 
80-100% of businesses 
participating in most eligible 
sectors; covering an estimated 
114 TWh of energy use in 
2018 (approximately 43% 
of all industry) 98% of 
participants have taken some 
action on energy efficiency 
since the start of the second 
CCA scheme. Annual energy 
savings attributable to the 
scheme are 1.2-2.3 TWh 
(BEIS, Evaluation of the 
Second Climate Change 
Agreements scheme, 2020).

Emissions 
Trading Scheme 
(ETS) Free 
Allowances

Under the UK ETS, 
energy-intensive industries are 
eligible to receive a volume of 
emissions allowances for free, 
with the aim of minimising 
the risk of industries 
being disadvantaged due 
to increased financial 
costs associated with the 
purchasing of allowances. 
Free Allocation is the main 
policy instrument through 
which carbon leakage risk and 
competitiveness impacts are 
addressed under the UK ETS.

Government spending: £1.05 
billion per year (in 2019)

Net zero contribution: 
Maintaining the Free 
Allocation of allowances 
under the UK ETS fulfils the 
government’s commitment 
that any replacement of the 
EU ETS would be at least as 
environmentally ambitious in 
terms of carbon emissions 
reductions. 
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Financial relief 
for Energy 
Intensive 
Industries 
(electricity costs)

The policy aims to provide 
relief (compensation and 
exemption) for certain 
energy-intensive industries 
facing high electricity 
costs to reduce the risk 
that investment in the 
UK will be lost. With 
renewable energy and 
carbon reduction schemes 
increasing electricity prices 
for industry, government 
manages schemes to support 
businesses that are most at 
risk to help offset costs.

Government Spending: £470 
million per year (a mixture of 
spending and bill discounts)

Net zero contribution: 
Alongside direct compensation 
for UK ETS and Carbon Price 
Support cost passthrough, 
discounts on energy bills 
are provided under schemes 
such as Contracts for 
Difference, Renewables 
Obligation, and the Feed-
in-Tariff. These measures 
support the competitiveness 
of energy-intensive industries 
in the UK, enabling investment 
in new and more efficient 
technologies, and supporting 
jobs and supply chains across 
the UK.
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Demonstration Funding

Energy 
Innovation 
Programme (EIP) 
(2016 – 2021)

The programme aims 
to accelerate the 
commercialisation of 
innovative clean energy 
technologies and processes 
across industry into the 2020s 
and 2030s. The Programme 
has provided direct investment 
to unlock and deliver 
opportunities and projects 
across industry in relation 
to smart systems, energy 
efficiency and heating, Carbon 
Capture Usage and Storage 
(CCUS), nuclear, renewables, 
energy entrepreneurs and 
green financing. 

Government spending: £100 
million assigned to industry 
and CCUS from 2016-2021.
Total of £505 million for entire 
programme funds.

Net zero contribution: As 
part of the £100m assigned 
to industry and CCUS within 
the programme, a range of 
decarbonisation schemes 
have been developed across 
a number of industries, 
including: Low Carbon 
Hydrogen Supply competition, 
CCUS Innovation Programme, 
Industrial Fuel Switching 
Programme, Accelerating 
CCUS Technologies, Industrial 
Energy Efficiency Accelerator 
and the Carbon Capture and 
Utilisation Demonstration 
Innovation Programme.

Net Zero 
Innovation 
Portfolio (2021- 
2025)

The portfolio aims to build 
on the funding streams and 
projects delivered to support 
industrial decarbonisation 
under the Energy Innovation 
Programme (EIP). This 
supports the UK’s vision 
to be a global leader in the 
technologies needed to 
decarbonise industry and 
economies to transition to net 
zero through the utilisation of 
new technologies and carbon 
reduction initiatives.

Government spending: £200 
million per year. Total of £1 
billion from 2021-2026.

Net zero contribution: 
Building on the projects 
funded as part of the EIP, 
the Portfolio will enable the 
development of innovative 
technology deployment 
across industry, with funding 
dedicated towards key areas 
of industrial decarbonisation, 
including: hydrogen, CCUS, 
bioenergy and disruptive 
technologies such as artificial 
intelligence for energy 
management.
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Industrial 
Decarbonisation 
Challenge (IDC) 

The IDC aims to accelerate 
the cost-effectiveness of 
decarbonisation across 
industrial clusters by 
supporting the development 
of low carbon technologies 
such as CCUS and hydrogen 
at scale. The IDC will 
demonstrate and validate 
decarbonisation measures 
through funding the uptake of 
engineering plans; business 
plans; the demonstration of 
cost-effective technologies 
and processes; and 
enabling deployment of core 
infrastructure.

Government spending: £170 
million from 2019 – 2024.

Net zero contribution: 
Through the rollout of the 
decarbonisation of industrial 
clusters, development 
of industrial cluster 
decarbonisation roadmaps and 
the creation of the Industrial 
Decarbonisation Research and 
Innovation Centre (IDRIC), the 
Fund will directly support the 
facilitation of four low-carbon 
industrial clusters by 2030 and 
at least one net zero cluster by 
2040. 

Transforming 
Foundation 
Industries (TFI) 

The programme aims to bring 
businesses from different 
Foundation Industries 
together to work on common 
resource and energy efficiency 
opportunities. Funds will 
be applied on a cross-
sector basis and designed 
to improve collaboration 
and research aimed at 
improving the productivity 
and competitiveness of the 
sectors’ companies and 
supply chains. 

Government spending: £66 
million from 2020-2025.

Net zero contribution: 
The programme will enable 
carbon reduction across 
the Foundation Industries. 
Collectively, these sectors 
produce 75% of all the 
materials in the UK economy 
and account for approximately 
10% of the UK’s total carbon 
emissions (UKRI, 2020). 
Measures will ensure that 
key industrial sectors remain 
competitive and are ready 
to meet the government’s 
commitment of net zero 
carbon by 2050.
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Deployment and Infrastructure Funding

CCUS 
Infrastructure 
Fund 

The fund aims to support 
the development of 
business models and 
enable the deployment of 
Carbon Capture Usage and 
Storage (CCUS) across 
energy-intensive industries to 
enable organisations to remain 
economically competitive 
while reducing carbon 
emissions. Decarbonisation 
will be achieved through 
stimulating future private 
sector investment in CCUS, 
driving scale-up and market 
development to support initial 
carbon capture projects and 
catalysing deployment during 
the 2030s.

Government spending: £100 
million per year. Total of £1 
billion from 2021 - 2030.

Net zero contribution: The 
fund will facilitate the delivery 
of CCUS at four clusters, 
two by the mid-2020s and 
a further two by 2030. (HM 
Government, Ten Point Plan, 
2020). This will enable the fund 
to directly support deployment 
of at least 3 MtCO2 of CCUS 
on industrial sites in clusters 
by 2030 and up to 14.3 MtCO2 
by 2050.

Clean Steel 
Fund

The fund aims to enable the 
transition to lower carbon iron 
and steel production through 
supporting new technologies 
and processes, placing the 
sector on a pathway that is 
consistent with achieving a 
net zero target and harnessing 
clean growth opportunities.

Government spending: 
£250 million total funds (in 
development as of January 
2021)

Net zero contribution: 
Organisations operating in 
the steel industry will benefit 
from the adoption of energy 
efficiency and low carbon 
technologies to decarbonise 
manufacturing processes and 
contribute to the development 
of wider renewable energy, 
CCUS and hydrogen 
deployment strategies.
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Heat Network 
Improvement 
Programme 
(HNIP) 

The programme has a number 
of financial and environmental 
aims, including the ability 
to increase the number of 
heat networks being built 
across different industries, 
deliver carbon savings and 
help create the conditions 
necessary for a sustainable 
heat network market to 
develop.

Government spending: 
£106.7 million per year. Total 
of £320 million from 2019 - 
2021.

Net zero contribution: 
The programme directly 
contributes towards the 
development of low carbon 
heat production across 
industry and the requirement 
to ensure that 18% of heat 
in the UK comes from heat 
networks by 2050 if the UK 
is to meet carbon targets in a 
cost-effective manner. (BEIS, 
Clean Growth – Transforming 
Heat, 2018).

Industrial Energy 
Efficiency 
Accelerator [part 
of the Energy 
Innovation 
Programme]

The scheme aims to increase 
the number of innovative 
energy efficiency technologies 
available to industry to help 
reduce energy consumption 
and cut carbon emissions, 
while strengthening the 
global competitiveness 
of UK industry in sectors 
including manufacturing. 
The accelerator seeks to 
deploy industry-specific 
solutions which are close 
to commercialisation by 
leveraging private sector 
investment and strengthening 
supply chains to reduce 
energy costs for UK industry.

Government spending: £2.6 
million per year. Total of £13 
million from 2017 - 2021.

Net zero contribution: 
Technology developers and 
companies have carried 
out innovative energy 
saving projects through the 
programme. Successful 
projects include ultrasonic 
technology to reduce the 
energy required for plastics 
manufacturing, highly efficient 
cooling technologies for 
data centres and low energy 
fertiliser production from 
wastewater.
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Industrial Energy 
Transformation 
Fund (IETF) 

The fund aims to help 
businesses with high 
energy use, including 
energy-intensive industries, to 
invest in energy efficiency and 
low carbon technologies to 
reduce carbon emissions and 
energy bills. These measures 
will enable UK industry to cut 
emissions in the near-term 
and bring down costs and risk 
for wider decarbonisation to 
help achieve net zero 2050. 

Government spending: 
Approximately £71.25 million 
per year (variable amounts 
depending on funding 
window). Total of £315 million 
from 2020 until at least 2024.

Net zero contribution: 
Energy efficiency of industrial 
processes will be improved by 
bringing payback of projects 
within an investable range for 
company decision makers 
and by incentivising early 
movers by making low-carbon 
investment financially more 
attractive than alternative, 
high-carbon alternatives.

Industrial Heat 
Recovery Fund

The fund aims to encourage 
and support investment in 
heat recovery technologies. 
Funding has been made 
available to support 
businesses to identify and 
invest in opportunities for 
recovery and reusing heat that 
would otherwise be lost in 
industrial processes.

Government spending: £3.6 
million per year. Total of £18 
million from 2018 - 2022.

Net zero contribution: The 
fund has enabled industrial 
organisations to implement 
heat recovery technologies 
in order to lower fuel costs, 
reduce waste heat, and 
increase the deployment and 
uptake of innovative carbon 
reduction solutions.
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Industrial 
Decarbonisation 

Policy
Policy Aims Policy Impact

Net Zero 
Hydrogen Fund

The fund aims to increase 
the uptake and generation of 
hydrogen across industry in 
order to enable commercially 
viable fuel switching. 
Implementation of the scheme 
will help to develop the market 
with a sufficient supply of 
low carbon hydrogen at a 
competitive price for use 
across manufacturing and 
business operations.

Government spending: £60 
million per year. Total of £240 
million from 2021 - 2025.

Net zero contribution: The 
fund supports the deployment 
of low carbon hydrogen 
production and encourages 
private sector investment. 
As a result, the programme 
directly helps to reduce carbon 
emissions from heavy industry 
production and aids the 
transition to zero carbon fuel-
use.

Renewable Heat 
Incentive (Non-
Domestic) 

The scheme provides financial 
incentives with the aims of 
increasing the uptake and 
installation of renewable heat 
technologies throughout 
industry and reducing the 
reliance on fossil fuels. 
Participating organisations 
are able receive direct 
payment as a result of the 
generation of low-carbon 
heat, thereby increasing the 
uptake and deployment of 
biomass, ground/air source 
heat pumps, geothermal, solar 
thermal and CHP technologies 
across industry.

Government spending: 
£684 million (in 2019-2020), 
including commercial, public 
and industrial premises. 
£1.01 billion total budget for 
both domestic/non-domestic 
schemes in 2019/20.

Net zero contribution: 41,393 
gigawatt hours of renewable 
heat have been generated and 
paid for under the scheme 
through approximately 20,000 
eligible properties (November 
2011 - December 2019) 
(Ofgem, NDRHI Annual Report, 
2019-2020, 2020). The scheme 
supports the UK’s legally 
binding targets of increasing 
the amount of heat produced 
from renewable sources.
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Introduction
Industry is a crucial part of the UK’s economy, employing over 2.6 million people in 
high-quality, skilled jobs and generating exports worth £300 billion in 2018 (ONS, Annual 
Business Survey, 2020) (ONS, UK Trade in Goods, 2020). However, the sector is also 
responsible for around 16% of the UK’s emissions and must contribute to reducing 
emissions to net zero by 2050 while remaining competitive (BEIS, Emissions Publication 
1990-2018, Supplementary Tables, 2020).

Progress has already been made. Emissions from industry fell by 64% between 1990 
and 2018 (BEIS, Final UK greenhouse gas emissions national statistics: 1990 to 2018, 
Supplementary tables, 2020) while output grew by 7% (ONS, GDP quarterly national 
accounts time series, 2020). This largely reflects a combination of improved energy 
efficiency and a shift to less carbon-intensive energy sources, but we need to go further. 

We will work with industry and local communities to achieve four low carbon 
industrial clusters by 2030 and at least one net zero industrial cluster by 2040. 
Decarbonising clusters to this timetable supports the wider objectives of this strategy and 
the government’s net zero target. 

About this plan
This Delivery Plan sets out the overarching approach to delivering this goal, with specific 
actions out to the mid-2020s. It sets out a programme of work that the government will 
deliver in partnership with industry and relevant stakeholders. At the end of 2022 we will 
review progress and consider what further actions are required beyond the mid-2020s.

Industry engagement will be important to the implementation of the Delivery Plan, with 
the government committed to ongoing dialogue on how best to support industrial clusters 
to decarbonise. This represents a partnership between government, local areas and 
industry, with policy implementation tailored where appropriate to the needs and features 
of each local area.

This document is intended to:

1. Illustrate the broad range of funding available across government that will support the 
decarbonisation of industry

2. Set out the timeline to achieving our commitment of having four low carbon clusters 
by 2030 and at least one net zero cluster by 2040.

3. Demonstrate how decarbonising clusters will contribute to our long-term ambition of 
reaching net zero emissions by 2050

4. Ensure that we are providing the required support to allow industry to transition to net 
zero by unlocking investment and innovation, capture the supply chain opportunities, 
and provide good quality green jobs
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Action incudes supporting the deployment of decarbonisation infrastructure, while 
supporting the development of new markets; supporting innovation; building delivery 
capability; and ensuring that places and society feel the wider potential benefits – from 
high-skilled jobs to cleaner air. 

Industrial Clusters
Industrial clusters are places where related industries have co-located. Benefits include 
deploying and utilising shared decarbonisation infrastructure, enabling industry to reduce 
the unit cost for each tonne of carbon abated as well as opportunities for resource and 
energy efficiency and learning and innovation sharing. 

There are a number of industrial clusters of various sizes, locations, and emissions levels 
across the UK. Figure 1 shows the six largest clusters by level of carbon dioxide emissions.

Southampton

South Wales

Merseyside

Teesside

Humberside

Grangemouth
5.0 MtCO2e

3.9 MtCO2e

5.0 MtCO2e 10.0 MtCO2e

8.9 MtCO2e

3.2 MtCO2e

Figure 1 – Map of major UK industry cluster emissions (2018). 
Source: NAEI 2018 data. Does not capture non-ETS emissions in a cluster.

119

Annex 3
1698  



Clustered industrial sectors tend to be those that require energy-intensive manufacturing 
processes, specifically: chemicals, glass, oil refining, paper and pulp, iron and steel. 
Figure 2 shows a breakdown of each cluster by industry type.
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0 20 40 60 80 100
percentage of emissions by sector

Grangemouth 
MtCO2e: Chemicals 2.29 | Food and Drink 0.06 | Iron and Steel 0.03 | Non-metalic minerals 0.18 | Other industry 0.09 | Paper and pulp 0.01 | Refining 2.35 

RefiningKey: Paper & PulpOther 
industry

Non-metallic 
minerals

Non-ferrous
metals

Iron & SteelFood & DrinkChemicalsCement

Southampton
MtCO2e: Chemicals 0.07 | Non-metalic minerals 0.02 | Refining 3.14 

Teeside
MtCO2e: Chemicals 3.66 | Food and drink 0.02 | Iron and steel 0.11 | Non-metalic minerals 0.02 | Refining 0.05 

Humberside 
MtCO2e: Cement 0.30 | Chemicals 0.50 | Food and drink 0.04 | Iron and steel 5.09 | Non-metalic minerals 0.51 | Refining 3.59 

South Wales
MtCO2e: Cement 0.34 | Chemicals 0.02 | Iron and steel 6.08 | Non-ferrous metals 0.01 | Non-metalic minerals 0.09 | Other industry 0.1 |
 Paper and pulp 0.06 | Refining 2.28 

Mersyside
MtCO2e: Cement 0.55 | Chemicals 1.35 | Food and drink 0.10 | Iron and steel 0.06 | Non-ferrous metals 0.06 | Non-metalic minerals 0.57 |
 Other industry 0.15 | Paper and pulp 0.27 | Refining 1.93 

Figure 2: – Cluster emissions breakdown by sector 
Source: NAEI 2018 data. Does not capture non-ETS emissions in a cluster
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Many of the clusters are in relatively deprived regions and often act as a driver of 
prosperity for the surrounding area as key employers paying above the UK median wage 
(MHCLG, English indices of deprivation, 2019).10 For example, in 2020, the average steel 
wage was £34,000, almost 50% higher than the average in Wales and the Yorkshire and 
Humber regions (NOMIS, Official Labour Market Statistics, 2020) (ONS, Annual Survey 
of Hours and Earnings, 2020).11 The importance of industrial clusters to local places is 
illustrated by the fact that the Humber cluster generates approximately £4.8 billion of 
value to its surrounding area, representing nearly a quarter of the region’s total Gross 
Value Added (GVA) (ONS, Regional gross value added (balanced) by industry, 20)12

These clusters will be the starting point for a new carbon capture industry, taking 
advantage of agglomeration benefits and the advantages of co-locating infrastructure. 
The government committed in its Ten Point Plan to deploying carbon capture, usage 
and storage (CCUS) in two industrial clusters by mid 2020s, aiming for four of these 
sites by 2030, with the goal of capturing up to 10 MtCO2 per year (HM Government, Ten 
Point Plan, 2020). Developed alongside hydrogen, we can create these transformative 
“SuperPlaces” in areas such as the heart of the North East, the Humber, North West 
and in Scotland and Wales. Our £1 billion CCUS Infrastructure Fund will provide industry 
with the certainty required to deploy CCUS at pace and at scale. Alongside this, we will 
bring forward details in 2021 of a revenue mechanism to bring through private sector 
investment in industrial carbon capture and hydrogen projects, to provide the certainty 
investors require.

While we believe that clusters should be self-identifying, there are four key characteristics 
that a successful cluster should demonstrate:

1. Clusters should be able to demonstrate cooperation between businesses and 
organisations across the region, and evidence joint decision-making for the benefit of 
the wider cluster

2. Clusters should consider wider societal benefits of their activity. For example, the 
importance of public benefit from local decarbonisation, and alignment with public 
funding and local priorities

3. Clusters should have a membership that represents the industries within their 
geographies i.e. not just a small subset. They will have engaged relevant public sector 
organisations and have support from the communities in which they operate

4. Clusters should realise the wider benefits that decarbonisation can bring for the 
region, going beyond individual decarbonisation projects. They will ensure a holistic 
take on benefits to maximise emissions reductions potential and the development of 
supply chains and jobs

10 Middlesbrough, Liverpool, Knowsley, and Kingston upon Hull are the local authorities with the highest proportions of 
neighbourhoods among the most deprived in England. Port Talbot and Grangemouth are also located to areas of deprivation. 
According to Index of Multiple Deprivation in England, Scotland, and Wales.
11 The median wage is 45% higher than Yorkshire and Humber, and 47% higher than Wales’ median.
12 Regional gross value added is the value generated by any unit engaged in the production of goods and services. GVA per head 
is a useful way of comparing regions of different sizes. It is not, however, a measure of regional productivity (ONS, 2019). Figures 
include GVA for the Kingston Upon Hull, East Riding of Yorkshire, North East Lincolnshire, and North Lincolnshire local authority’s, 
which the cluster spans.
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Non-cluster sites will also benefit from much of this plan, including our actions to support 
innovation, improve delivery capability, build markets, and help society feel the benefits of 
clean growth. 

Delivering these actions will require significant commitment from both government and 
industry. We will work closely with local and regional partners across England to ensure 
the economic benefits are realised locally and to understand and overcome any barriers 
to decarbonisation. We will also continue to strengthen relationships with the devolved 
administrations to support decarbonisation of clusters based in Scotland and Wales. 

These actions will focus on supporting the deployment of initial decarbonisation 
infrastructure, enabling technological innovation to reduce the costs of decarbonisation, 
encouraging investment and finance, increasing the supply of local jobs, and ensuring 
that there are suitable skills and supply chain to support the transition to net zero.

Government will need to regularly engage with industry to provide better understanding 
of its progress, opportunities to share knowledge and also address any obstacles to the 
development of low carbon infrastructure and a market for low carbon products.

Infrastructure
Shared infrastructure is crucial to establishing low carbon and net zero clusters but will 
require significant investment. 

Sites within clusters will need to share low carbon infrastructure such as carbon dioxide 
transport and storage pipelines to provide decarbonisation at least possible cost. While 
support from government is required to de-risk the early stages, in the long run we will 
need to unlock private sector investment to achieve rapid large-scale deployment.

We recognise that aside from the capital costs of infrastructure deployment, there will 
also be increases to operating costs in the short term. Revenue support for projects such 
as industrial carbon capture and low carbon hydrogen production is critical for the net 
zero transition. In the long term, cost reductions in low carbon technologies, coupled with 
a sustainable increase in the carbon price and a thriving market for low carbon products 
will make decarbonisation economically viable without subsidy.

The government has already supported the early stages of project development in 
clusters through the Industrial Decarbonisation Challenge. We will continue to support the 
initial deployment of low-carbon technologies to provide a solid foundation to reduce the 
costs of future deployment.

Support initial deployment of decarbonisation infrastructure

To support the deployment of low carbon infrastructure in clusters we will: 

• invest an additional £40 million through the Industrial Decarbonisation Challenge 
Fund. This includes:

• £172 million to demonstrate and validate at-scale decarbonisation through the 
UKRI-led Industrial Decarbonisation Challenge
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• £8 million for clusters to develop comprehensive blueprints to achieve net zero 
emissions

• £20 million for the development of an Industrial Decarbonisation Research and 
Innovation Centre, to accelerate challenge-led research and transformative 
innovation 

• support the deployment of infrastructure at two carbon capture clusters by the mid-
2020s through the £1 billion CCS Infrastructure Fund. A further two clusters will be 
supported to deployment by 2030

• deploy a £240 million Net Zero Hydrogen Fund for capital co-investment in new low 
carbon hydrogen production

• the Cluster Sequencing Market Engagement document published in February 
2021 sets out a potential approach to determining the deployment sequence of 
CCUS clusters and for allocating CCUS programme support including the CCS 
Infrastructure Fund, NZHF and CCUS and hydrogen business model support. We are 
aiming to seek views on the proposals through the consultation process

• where possible, seek to optimise the re-use of existing oil and gas infrastructure to 
reduce the overall costs of CCUS projects

Secure revenue mechanism for companies investing in low carbon infrastructure 
and projects 

As set out in the Ten Point Plan and Energy White Paper, we will:

• bring forward details in 2021 of a revenue mechanism to bring through private 
sector investment into industrial carbon capture and hydrogen projects via our new 
business models to support these projects

Address barriers to deployment of shared infrastructure 

To help address the barriers to deploying shared infrastructure, in 2021 we will:

• as part of Project Speed, the new infrastructure taskforce, determine how 
the efficiency of the planning system can be improved to deploy low carbon 
infrastructure in clusters

• engage clusters to determine whether there are non-physical infrastructure 
requirements to enable the deployment of shared infrastructure and the potential role 
of government to support this

Support a range of decarbonisation projects

In addition to supporting deployment of shared infrastructure, we will also support 
decarbonisation of specific sites and sectors by deploying other funds that will result in 
emissions reductions.
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We will:

• deploy £315 million of funding for energy efficiency and decarbonisation projects13 

• deploy the £66 million Transforming Foundation Industries Challenge to reduce 
energy and resource in the UK’s foundation industries

• develop a policy framework to facilitate greater resource efficiency in industry

• seek to incentivise industry to practice industrial symbiosis

Early stage 
product 

development

The early stages 
of project 
development will be 
supported through 
the IDC and second 
phase of the IETF

Grant funding will be 
provided by CCUS 
infrastructure fund and 
the Net Zero Hydrogen 
Fund to help with initial 
project costs

Business models 
will provide the 
commercial 
framework to allow 
projects to be 
economically viable

We will support the 
development of a 
low carbon products 
market as set out 
in the Industrial 
Decarbonisation 
Strategy

Grant funding
Operational 

support
Long run 

sustainability

Figure 3: Our approach to the deployment of sustainable infrastructure

Innovation
Funding innovative projects is an important tool for us to develop, demonstrate and 
reduce the costs of industrial decarbonisation technologies. We are funding industrial fuel 
switching solutions, CCUS technologies, and energy efficiency projects. The outcomes 
from funding these projects will be an increased uptake of industrial decarbonisation 
technologies by UK industry; improved effectiveness of targeted funding since more 
viable technologies are available; and the increased likelihood of achieving our 
decarbonisation goals. 

To ensure industrial decarbonisation technologies exist that increase the likelihood of 
achieving this we need to deploy funds to innovative projects now and in the future 
across a number of different technologies, sectors and locations.

13 £289 million of which will be delivered by BEIS in England, Wales and Northern Ireland through the Industrial Energy 
Transformation Fund. The remainder will be delivered by the Scottish Government in Scotland through the Scottish IETF.
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Develop, demonstrate and reduce the costs of industrial decarbonisation 
technologies through government funded competitions 

We will:

• as part of the £1 billion Net Zero Innovation Portfolio develop and deploy industrial 
innovation funding competitions in areas like industrial fuel switching, CCUS 
innovation, and industrial energy efficiency

• support research and innovation through the Industrial Decarbonisation Research 
and Innovation Centre

Investment and finance
Supporting industry in deploying the low carbon technologies that will reduce the 
embedded carbon in industrial products is a key activity to reach net zero. The cost 
of deploying these technologies needs to be shared between government, industry 
and consumers of industrial products. In most cases, low carbon industrial products 
will be more expensive than their higher carbon alternative initially. Although research 
suggests that the price increase on final products will be relatively low, (Energy Transition 
Commission, Mission Possible, 2018) there is still a risk that low carbon industry could be 
undercut by cheaper high carbon imports, especially since many purchasing decisions 
are driven by price. Currently, there is not sufficient demand for low carbon products, 
and the public do not have access to information about the environmental impact of the 
products they buy, even if they were willing to pay more for them.

In the long-term, it is our ambition that deployment of low carbon technologies does 
not require public subsidy. To get to this stage, we must both reduce the costs of 
decarbonisation technology and create demand for low carbon products.

Put in place long-term, sustainable business models to support investment in 
industrial decarbonisation technologies

To support investment in industrial decarbonisation technologies we will:

• publish an update in the second quarter of 2021 and finalise, by 2022, the commercial 
framework to incentivise deployment of industry carbon capture by the mid-2020s

• seek to stimulate private sector investment in low carbon hydrogen deployment 
by development of a low carbon hydrogen business model. We will consult on a 
‘preferred’ business model in 2021 and look to finalise the model by 2022

Create demand for low carbon industrial products

To support the development of a market for low carbon industrial products by 2022 we will:

• outline our strategic approach to a range of policy objectives, including supporting 
the development of a market for low carbon products within the Industrial 
Decarbonisation Strategy
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• consult on defining low carbon products in 2021/2 with a view to being able to set 
these definitions in the mid-2020s

• develop a proposal for introducing voluntary product standards across key 
intermediary industrial products by 2025

• develop a proposal for a new labelling system for intermediary industrial products 
reflecting their impact on the environment in the mid-2020s

Skills and supply chain capability
As the UK industrial sector transitions to net-zero, there will need to be a corresponding 
transition in the skills of the workforce, and a supply chain to match. We need to ensure 
that existing workers transition to the industry of the future, and that new workers are 
being trained with suitable skills. The requirement of trained technical and managerial 
personnel in industrial decarbonisation could be a barrier to its long-term success if not 
addressed.

Delivering our goals will require clusters, the supply chain, and other local stakeholders to 
work together to deliver industrial decarbonisation projects. Achieving this capability is a 
considerable delivery and coordination challenge that will require collaboration between 
industry and government.

Support the development of the supply chain capability requirements for a net zero 
carbon cluster

To support the development of a UK based supply chain for industrial decarbonisation 
we will:

• by 2022 we will set out the role for government in ensuring that the supply chain can 
meet the goals of decarbonisation while providing maximum growth opportunities for 
the UK

• develop jobs and skills pathways in low carbon industrial technologies 

To support the transition to clean jobs we will:

• map the skills requirement for a net-zero industrial sector by the end of 2021

• work together with industry, local government and the education sector to invest in 
the skills needed to support good, green jobs in the clusters
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Summary table of actions

Action/Deliverable Timeframes Activity in 2021/22 

Invest £132 million by 2024 to demonstrate 
and validate at-scale decarbonisation 
through the UKRI-led Industrial 
Decarbonisation Challenge

2024
Early stage of phase 2 
projects.

Invest £8 million for clusters to develop 
comprehensive blueprints to achieve net 
zero emissions.

2024
Early stage of phase 2 
projects.

Support the deployment of infrastructure 
at two carbon capture clusters by the mid 
2020s through the CCS Infrastructure 
Fund. A further two clusters will be 
supported to deployment by 2030.

2030
CCUS Infrastructure 
Fund design.

Deploy a £240 million Net Zero Hydrogen 
Fund for capital co-investment in new low 
carbon hydrogen production.

2024/5

Engagement with 
industry on scheme 
design. More details 
will be included in the 
UK Hydrogen Strategy. 

Where possible, seek to optimise the re-
use of existing oil and gas infrastructure to 
reduce the overall costs of CCUS projects.

Ongoing

Engage with industry 
on the transport and 
storage regulatory 
investment model and 
consideration of re-
used assets.

Bring forward details in of a revenue 
mechanism to bring through private 
sector investment into industrial carbon 
capture and hydrogen projects via our new 
business models to support these projects.

Ongoing
Bring forward details in 
2021.

As part of Project Speed, determine how 
the efficiency of the planning system 
can be improved to deploy low carbon 
infrastructure in clusters.

Ongoing
Develop associated 
workstreams.
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Action/Deliverable Timeframes Activity in 2021/22 

Engage clusters to determine whether 
there are non-physical infrastructure 
requirements to enable the deployment of 
shared infrastructure and the potential role 
of government to support this.

2022

Conduct a review 
of non-physical 
infrastructure 
requirements

Deploy £315 million of funding for energy 
efficiency and decarbonisation projects.

2024 IETF second phase.

Deploy the £66 million Transforming 
Foundation Industries Challenge to reduce 
energy and resource in the UK’s foundation 
industries.

2021
Funding calls to be 
launched in 2021.

Develop a policy framework to facilitate 
greater resource efficiency in industry.

2025

Evaluate the role of 
resource efficiency 
in industrial 
decarbonisation.

Seek to incentivise industry to practice 
industrial symbiosis.

2025

Run a discovery 
project to better 
understand the role of 
industrial symbiosis.

Develop and deploy industrial innovation 
funding competitions in areas like industrial 
fuel switching, green distilleries, CCUS 
innovation, and industrial energy efficiency.

Ongoing
Develop associated 
workstreams.

Support research and innovation through 
the Industrial Decarbonisation Research 
and Innovation Centre.

2024
Further stand up 
activity

Finalise the commercial framework to 
incentivise deployment of industry carbon 
capture by the mid-2020s.

2022
Finalisation of 
the commercial 
framework.
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Action/Deliverable Timeframes Activity in 2021/22 

Seek to stimulate private sector investment 
in low carbon hydrogen deployment by 
development of a low carbon Hydrogen 
business model progressing work to 
assess potentially viable business models.

2022

Consult on a preferred 
low carbon hydrogen 
business model with 
an aim to finalise by 
the end of 2022.

Outline our strategic approach to a 
range of policy objectives, including 
supporting the development of a market 
for low carbon goods within the Industrial 
Decarbonisation Strategy.

2021
Publication of Industrial 
Decarbonisation 
Strategy.

We will develop our evidence base on 
defining low carbon products in 2021/2 
with a view to being able to set these 
definitions in the mid-2020s.

Mid 2020s
Call for evidence on 
defining low carbon 
products in 2021/2.

We will develop a proposal for the 
introduction of voluntary product standards 
across key intermediary industrial products 
by 2025.

2025

We will begin 
designing a framework 
for setting low carbon 
product standards in 
2022.

We will develop a proposal for a new 
labelling system for intermediary industrial 
products reflecting their impact on the 
environment in the mid-2020s.

Mid 2020s

We will assess the 
impact of this labelling 
system, including the 
costs and benefits in 
the early 2020s.

By 2022 we will consider the role of 
the Department in ensuring that the 
supply chain can meet the goals of 
decarbonisation while providing maximum 
growth opportunities for the UK.

2022

Consider the policies 
required to develop 
the supply chain 
to support the 
decarbonisation of 
industry.

Map the skills requirement for a net-zero 
industrial sector.

2021

Develop our 
understanding of the 
skills needed in a 
decarbonised industrial 
sector, and how best 
to develop them.
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We have used a model of the UK industrial sector to generate plausible pathways that 
will help us to understand when, where and how to act to achieve a net zero industry by 
2050. The model was developed by Element Energy for BEIS and the Climate Change 
Committee (CCC) and was used to underpin the manufacturing and construction sector 
analysis in the CCC’s Sixth Carbon Budget report (CCC, Sixth Carbon Budget, 2020). 

Each pathway presented in this Technical Annex shows a possible route to net zero for a 
given set of assumptions. These are not intended to represent a predicted or forecasted 
pathway but instead consider a set of plausible pathways that industry might follow to 
reach net zero. The different pathway options allow exploration of different questions; 
consideration of the choices we face and improved understanding of the actions we need 
to take now to reach the 2050 target. 

We have supplemented the pathways analysis with other sources of evidence to build a 
full picture of the challenges faced by industry. We recognise this picture of how industry 
could decarbonise will evolve over time as our understanding of these technologies and 
industries develop.

Method and assumptions
Modelling approach

The analysis presented in this Technical Annex uses a pathway model (Net Zero Industrial 
Pathways, NZIP) that uses a least cost approach to test the social economic value 
of different measures to decarbonise industrial processes across UK Industrial sites. 
The industries in scope were categorised into 14 sectors, each with defined process 
archetypes and assumptions made regarding suitability for decarbonisation technologies. 

Assumptions
The pathway modelling is built on the same assumptions as those used in the analysis by 
the CCC. Where there are differences these are set out below:

Assumption Source

Fuel prices HMG Green Book LRVC electricity for Industry (central) 
(BEIS, Green Book supplementary guidance, 2012)

Blue and green hydrogen 
wholesale costs

Internal BEIS analysis

Supply chain constraints BEIS UK Times (UCL & BEIS, UK TIMES) model
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• Sites are grouped by geography 
and represented by their current and 
projected emissions. 

• The model is spatially aware, allowing it 
to calculate infrastructure costs specific 
for each site. The further a site is from 
infrastructure such as a hydrogen 
network or CO

2
 injection point the more 

expensive it is to transport CO
2

 
or hydrogen by road. 

• The model categorises each 
process (e.g. direct high temperature) 
and determines the suitable 
decarbonisation technologies, based 
on this categorisation. The model then 
calculates, for each process, which of 
the suitable technologies is most cost-
effective to deploy and in which year it 
is most beneficial to deploy.

Industrial emissions and 
fuel use projections

Infrastructure requirements 
and cost

NPV calculation for 
decarbonisation options

Site decision making criteria

Constraints application

Infrastructure sizing

Final decarbonisation pathway

Figure 1: Schematic of N-ZIP Model (Element Energy, 2020)14

Plausible Worlds

There are many different paths that industry can take to reduce its emissions, each has 
a different technology mix and different sequencing of events. The pathway that industry 
will follow will ultimately be determined by the choices that each individual industrial site 
makes. A site’s choice can be influenced by several factors, including its location, its 
business model and the choices made by surrounding sites.

Industry itself is constantly evolving. Over the period covered by this strategy, it is highly 
likely that new sectors will emerge while others may decline. The pathways formed for 

14 Reproduced with permission from Element Energy.
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this strategy assume that industry broadly follows15 the projections set out in the BEIS 
Energy and Emissions Projections, 2019.

The analysis that underpins this strategy relies on several assumptions and simplifications 
which are also subject to uncertainty. For example, the model assumes that each 
industrial site maximises its net present value (NPV), with perfect information available to 
it. The NPV can be affected by the price of fuel and the assumed societal cost of emitting 
carbon dioxide, among other factors. 

To manage this uncertainty, a range of pathways have been used to develop this strategy. 
These are encapsulated by the plausible world scenarios shown in Figure 2.

Geography

All tech available 
everywhere

Hydrogen and 
CCUS in all 
clusters

Limited UnlimitedFuel switching options

National Networks
CCUS and H2 available to all 

industrial sites

Cluster Networks
CCS/H2 availability 

constrained to clusters

Figure 2: Plausible Worlds

Cluster Networks

Cluster Networks restrict the availability of carbon capture, utilisation and storage (CCUS) 
and hydrogen fuel switching to industrial sites that sit within the following geographic 
locations:

• Peterhead

• Humberside

15 Adjustments were made to Emissions projections for Chemicals and Refineries sectors to account for market intelligence 
collected by the CCC. 
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• Teesside

• Merseyside

• South Wales

• Southampton

• Grangemouth

• Medway

• Londonderry

These industrial clusters are reflective of the six major industrial sites across the UK 
plus other sites that could utilise hydrogen/CCS infrastructure (see page vi of Deep-
Decarbonisation Pathways for UK Industry (Element Energy) for further information).

The Cluster Networks scenario assumes industrial sites within a 25 km radius of these 
locations have access to dedicated pipe networks for CO2 and hydrogen transport and 
storage. Sites that sit outside of these clusters are not able to decarbonise with CCUS, 
hydrogen or bioenergy with carbon capture and storage (BECCS). This means the extent 
to which CCUS and hydrogen can be utilised to decarbonise Industry is distinctly lower 
than under the National Networks scenario set out below. Sites beyond the reach of 
deep decarbonisation infrastructure must rely on electrification, resource efficiency, 
energy efficiency and materials substitution to reduce their emissions. Consequently, 
some dispersed sites with significant process emissions are unlikely to reach a net zero 
compliant end state by 2050 under this scenario.

National Networks

National Networks assume full UK supply, distribution, and storage of hydrogen and CO2 
enabling Industry to choose any appropriate decarbonisation technology irrespective 
of where they are located geographically. This pathway considers all technically viable 
options to decarbonise industrial processes. The only geographic consideration is the 
cost of building or transporting16 hydrogen or carbon dioxide to relevant sites.

Resource and energy efficiency and materials 
substitution
Resource and energy efficiency and materials substitution are taken as an assumed 
proportion of industry emissions and subtracted from projected emissions before the 
pathway model considers how to decarbonise remaining emissions through deep 
decarbonisation processes (i.e. fuel switching and CCUS).

Resource efficiency is achieved by using raw materials more efficiently in production 
and from end-users consuming new products more efficiently. This may involve keeping 

16 Transporting CO2 is done by road or shipping to the nearest cluster site.
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products and materials in use for longer through reuse, repair and recycling, and also 
reducing the level of material used in the products that we produce. Resource efficiency 
can also involve new approaches such as industrial symbiosis, which connects material 
and waste flows between sites, using the waste products from one process as inputs in 
another. 

Energy efficiency is achieved by using inputs more efficiently to reduce energy 
consumption and consequent emissions. Measures include process and equipment 
upgrades, installing/improving heat recovery systems, and clustering/networking with other 
sites and businesses to efficiently utilise waste heat and other by-products. The underpinning 
evidence stems from the BEIS roadmaps (BEIS; DECC, Industrial Decarbonisation and 
Energy Efficiency Roadmaps to 2050, 2015) with interpretation by the CCC.

The CCC estimate savings from materials substitution in manufacturing and 
construction. This is most relevant for cement manufacturing and construction sectors.

Table 1: Resource efficiency and materials substitution, and energy efficiency 
savings under the balanced pathway scenario for manufacturing and construction 
(CCC, Sixth Carbon Budget, 2020).

Annual Industry emission 
savings (MtCO2e) by 2050

Resource efficiency and materials substitution17 9

Energy efficiency18 4

Total 13

Results summary
The following results present the differences between the National Networks and Cluster 
Networks scenarios. The baseline emissions and assumed level of resource and energy 
efficiency determine the extent to which residual emissions require deep decarbonisation 
options to reach net zero. The scenarios attempt to reach net zero through fuel switching, 
CCUS and resource and energy efficiency.

17 The figures were derived by the CCC based on research from 2018 (Scott, et al., 2018). This research acknowledges that there 
are a range of possible scenarios that differ greatly in resource efficiency savings. The CCC’s balanced pathway assume savings 
consistent with the high scenario. Empirical evidence on the likelihood of these scenarios is limited.
18 Energy Efficiency is derived after resource efficiency has been deducted from baseline emissions. This means the reported 
savings from Energy Efficiency could be higher if they were calculated before resource efficiency deductions.
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National Networks scenario
Purpose

The National Networks scenario allows the possibility of hydrogen and CCUS 
decarbonisation options to all industrial sites across the UK for industrial processes that 
are suitable for these technologies. Other fuel switching options are also made available 
with the one exception that hydrogen and electric arc furnace are specifically chosen and 
deployed to large iron and steel sites.
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Key Conclusions

The National Networks scenario enables a broadly net zero compliant pathway by 
2050 with UK industrial residual emissions of 3 MtCO2e. Hydrogen is favoured over 
electrification in most fuel switching cases owing to cost and contributes most to 
decarbonising emissions (18 MtCO2e) followed by CCUS/BECCS (11 MtCO2e) and 
electricity (5 MtCO2e).

The model assumes a carbon price, which is a key determinate affecting the speed of 
uptake because it affects the social cost effectiveness of each decarbonisation option. In 
practice, lots of other factors will determine the actual speed of decarbonisation such as 
market factors, technological innovation, demand changes, supply chain constraints and 
government policies.

National networks scenario: Carbon abated (MtCO2e) per year by 2050 
(figures are rounded)

All Tech CCS BECCS Hydrogen Electricity

National networks 35 9 3 18 5
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Cluster Networks scenario
Purpose

This scenario assumes industrial CCUS technology and hydrogen are available in 
cluster sites only. Industry sites that fall within 25 km of a CO2 injection point (see CCUS 
Infrastructure map on page 145) can access CCUS technology and hydrogen fuel supply 
to potentially decarbonise their industrial process. 

Sites in non-clustered ‘dispersed’ locations are assumed to be isolated from potential 
CO2 and hydrogen transport infrastructure and therefore do not have CCUS or hydrogen 
as a decarbonisation option.
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Key conclusions

The Cluster Networks scenario decarbonises industrial emissions to a lesser extent 
(-7 MtCO2e) than the National Networks scenario which is a consequence of the 
unavailability of CCUS in dispersed sites. 

Fuel switching to electrification plays a more significant role (12 MtCO2e) because of the 
unavailability of hydrogen in dispersed sites. Despite being restricted to clustered sites 
and Iron and steel, fuel switching to hydrogen contributes savings of 7 MtCO2e compared 
to 18 MtCO2e in National Networks. 

Cluster Networks Scenario: Carbon abated (MtCO2) per year by 2050 
(figures are rounded)

All Tech CCS BECCS Hydrogen Electricity

National Networks 28 6 1 7 12

Deep decarbonisation technologies
The following results show the extent to which different deep decarbonisation 
technologies help Industry to decarbonise across the different plausible world scenarios.
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Role of hydrogen
Purpose

The extent to which Industry uses hydrogen for industrial heat or processes depends on 
two key considerations within the pathways analysis:

1. Availability within and outside of clusters

2. The technology choices made by iron and steel industry

The National Networks scenario sees the most hydrogen utilisation of 86 TWh by 2050. 
In this scenario hydrogen is available to all industrial sites and the Iron and steel sector 
opts to decarbonise through the DRI and EAF route (see Iron and steel section for further 
explanation). This compares to 24 TWh under the Cluster Network where hydrogen is 
restricted, and Iron and steel sector chooses CCUS to abate process emissions.

Hydrogen use in industry
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Key conclusions

• 10-16 TWh of hydrogen use in Industry by 2030

• 20-34 TWh is achieved by 2035

• Total hydrogen use in industry ranges between 24 and 86 TWh by 2050

• The sectors that consume the most hydrogen are: 
chemicals, iron and steel, refining, paper, other minerals and food and drink.
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Fuel Switching
Purpose

Fuel switching requires industrial processes to switch from fossil fuels such as coal and 
natural gas to low carbon fuels such as electricity, biomass and hydrogen. The proportion 
of industrial energy consumption that is projected to switch to low carbon fuels between 
2020 and 2050 is shown in the chart below. 

Fuel Switching to low carbon fuels
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Key Conclusions

• Between 51 to 57% of Industrial energy is decarbonised from fuel switching by 2035

• Fuel Switching increases to 71-84% by 2050
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Carbon Capture and Storage
Purpose

CCUS is used to abate process emissions from manufacturing such as cement and 
chemicals. In some cases, Bioenergy with Carbon Capture and Storage (BECCS) is 
chosen because fuel switching to biomass in conjunction with carbon capture generates 
negative carbon emissions which are more attractive than CCUS alone from a social 
economic perspective. Carbon abatement from BECCS and CCUS are presented 
together to reveal the extent of carbon capture abatement to industry emissions.
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Key Conclusions

• Around 3 MtCO2e of annual industrial carbon emissions is captured by 2030. From 
this point onwards the extent of CCUS varies significantly between the National 
Networks and Cluster Networks scenarios. At best 15 MtCO2e of annual industrial 
emissions are captured by CCUS by 2040 compared to ~ 9 MtCO2e under the 
Cluster Network scenario in which Iron and Steel chooses EAF and DRI. The sectors 
where CCUS carbon abatement is highest are: refineries, chemicals, cement, glass 
and lime.
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Deep dive into industry segments
Industrial energy use and emissions19 are highly diverse, with significant variation in 
how and why emissions happen, even within sectors or locations. This section explores 
decarbonisation challenges and options across five industry segments.

Segment
Emissions in 

2017 (MtCO2e)20 Common challenges

Less energy-intensive 
dispersed sites (food & 
drink, other industry)

17

Not likely to be geographically 
concentrated making it harder to 
access hydrogen and CO2 networks. 
Energy costs are a relatively small part 
of their overall cost base providing 
less incentive to decarbonise.

Dispersed cement 4

Geographically dispersed and 
significant distances away from CO2 
transport and storage points. Significant 
amounts of process emissions requiring 
CCUS to capture emissions.

Cluster (All sectors except 
iron and steel within 25km 
of a cluster) 

25

Predominately the petro-chemicals 
sectors (refineries and chemicals 
sector), clustered around CO2 
Transport and Storage points 

High energy dispersed 
sites:

(ammonia, ethelene, lime, 
glass, other minerals, 
paper, refining, other 
chemicals, non-ferrous 
metal)

12
Not likely to be geographically 
concentrated making it harder to 
access hydrogen and CO2 networks.

Iron and steel 12
Iron and steel face particular issues 
with decarbonising blast furnaces and 
other highly specialised processes.

Total21 71

19 The definition of industry used in this strategy differs to that used in the Energy White Paper (2020) - this is due to a sectoral 
approach being followed by this strategy (defined by standard industrial classification codes), as opposed to a process approach 
applied by the Energy White Paper (defined by IPCC codes). The difference in methodologies mean that the two definitions of 
industry are not directly comparable, however, the broad differences are that this strategy includes emissions from F-Gases but 
excludes emissions from construction and other energy supply.
20 Industry emissions for these segments were derived from the NZIP model which uses NAEI point source as its main data source 
which differs slightly to official statistics that are based on Standard Industry Classification codes.
21 Numbers may not sum due to rounding.
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Clusters
Purpose

Clusters considered in this analysis are any industrial site (except for iron and steel) that 
sit within 25 km of potential CO2 injection points located at major ports22 across the UK. 
For example, industrial sites within 25km of Teesside are considered to be within an 
industrial cluster.

The chemical, cement and refinery industries are most prevalent in clusters. 

Emissions in these sectors typically arise from process emissions that require CCUS as the 
only technological solution (in the absence of innovations that offer lower carbon material).

CCUS can benefit significantly from economies of scale. This means sites clustered near 
to a CO2 injection point could benefit from access to a large-scale infrastructure project 
such as CO2 transport and storage. 

Southampton

(For illustrative purposes)

Legend

Pipeline

Shipping

Storage region

Terminal

Cluster point

MedwaySouth Wales

Peak District

Teesside

Humberside 
(terminal)

Grangemouth

St Fergus

Londonderry

Merseyside

22 CO2 injection points assumed at Londonderry, Grangemouth, St Fergus, South Wales, Teesside, Humberside, Merseyside, Peak 
District, Southampton and Medway. Sites that are not ports are considered points at which CO2 could be shipped or piped to a 
nearest port or offshore storage site.
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Key Conclusions

• The CCUS option is the predominant technology solution to abate process 
emissions in clusters (~ 6 MtCO2 including BECCS). 

• BECCS is used in situations that allow for combustion of biomass in place of 
traditional fossil fuels in glass, lime, cement and paper industries. BECCS is chosen 
instead of CCUS alone because improvement in carbon cost effectiveness arises 
from negative emissions. Hydrogen (~ 20TWh) is favoured over electrification for 
processes requiring heat which is typical in food and drink, automotive, chemicals, 
and paper industries.

Clusters: Emissions abated (MtCO2e) each year by 2050 
(figures are rounded)

All tech CCS BECCS Hydrogen Electricity

Emissions abated in 
Clusters

11 6 1 3 0
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Dispersed cement sector
Purpose

Fully decarbonising cement generally requires CCUS for the process emissions and 
another technology for the heat.23 The critical issue is that most cement plants are far 
away from CO2 storage sites posing cost, distributional and technical challenges. For 
example, Rugby cement is 150km from Humberside through central England, Hope is 
70 to 100km from either Humber or Merseyside, through the Peak District (some cement 
sites are closer to clusters).
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23 Assuming the location of businesses stays the same or the fundamental cement production process remain the same.
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Key conclusions

Around half of cement emissions are reduced by Resource and Energy Efficiency (REEE).

Deep decarbonisation technologies, for example CCUS, will be required to abate process 
emissions in the cement production industry. BECCS is chosen for fuel switching because 
biomass is considered suitable in cement heat applications. 

There are practical considerations for building a CO2 network (or alternative transportation 
methods) to such geographically dispersed sites.

The CCUS/BECCS solutions are not available under the cluster scenario, meaning that 
advances in REEE will only achieve a 50% reduction in emissions by 2050.

In practice the technical options for the cement sector (particularly those that are located 
away from CO2 injection points) are:

• Building onshore pipelines or other transportation

• Focus on innovation and switching to green cement (e.g. using alternatives to 
Portland cement such as pozzolans).

Dispersed cement sector: Carbon abated (MtCO2e) each year by 2050 
(figures are rounded)

All Tech CCS BECCS Hydrogen Electricity

National networks 2 1 1 0 0

Cluster networks 0 0 0 0 0
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Less energy-intensive dispersed sites
Purpose

Less energy-intensive dispersed sites are those that sit outside clusters and are not 
considered to be energy-intensive because their energy costs comprise a smaller 
proportion of their output. Sectors in scope include ‘food and drink’ and ‘other industries’ 
such as the automotive industry.

These sites typically require natural gas to run their industrial processes so hydrogen is 
a natural contender to decarbonise industrial heat. However, the supply of hydrogen is 
dependent on the ability to supply it to dispersed sites. The NZIP model considers costs 
of transporting or distributing CO2 and hydrogen via:

• trucking

• building dedicated networks

• repurposing the gas grid.

A fourth option might be to produce hydrogen locally, but this isn’t explicitly considered in 
the analysis.
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Key conclusions

• Electrification poses a more expensive fuel switching option leading to widespread 
adoption of hydrogen in the National Network scenario

• However, if hydrogen is unavailable then electrification is the only fuel switching 
option to dispersed sites under the Cluster Network scenario. Some sites may not 
fuel switch to electricity if the costs are excessively prohibitive or the process is 
unsuitable for electrification

• Decarbonisation of this segment begins at pace in the late 2030s once the enabling 
infrastructure has been put in place. Alternative deployment profiles may exist 
depending on the infrastructure configuration for hydrogen (e.g. extent of local 
hydrogen production)

Less energy-intensive dispersed sites: Emissions abated (MtCO2e) each year by 2050 
(figures are rounded)

All Tech CCS BECCS Hydrogen Electricity

National networks 9 <1 0 8 1

Cluster networks 6 0 0 0 6
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High energy dispersed sites
Purpose

High energy dispersed sites are those in the chemical, refinery, glass, lime, metal and 
paper industries. The variety of these heterogenous sectors require a range of technology 
solutions to decarbonise them.
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Key conclusions

• Under the National Network scenario all technology options are used to decarbonise 
high energy dispersed sites.

• The cluster network scenario reveals the consequence of removing CCUS/BECCS 
and hydrogen options for these dispersed sites because they no longer fully 
decarbonise (around 4 MtCO2e of residual emissions remain by 2050):

• Hydrogen is substituted for electrification in sectors such as the Paper industry 
but not in sectors such as non-ferrous metal that require higher grades of 
industrial heat

• Lime, chemicals and glass manufacturing requiring carbon capture to abate 
process emissions no longer fully decarbonise

High energy dispersed sites: Emissions abated (MtCO2e) each year by 2050 
(figures are rounded)

All Tech CCS BECCS Hydrogen Electricity

National networks 6 2 <1 3 <1

Cluster networks 3 0 0 0 3
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Iron and steel
Purpose

Emissions from the iron and steel sector are dominated by two industrial sites in 
Scunthorpe and Port Talbot in South Wales. These two sites alone produced 11 
MtCO2e in 2017, 95% of the total emissions from the iron and steel sector and around 
15% of total industrial emissions. Other emissions from the sector are from numerous 
smaller sites. The highly concentrated nature of the iron and steel sector presents 
both challenges and opportunities in decarbonisation, with both shared and differing 
challenges existing in the two main sites.

Two of the major decarbonisation options considered for both sites are:

• Deployment of CCUS 

• Electric Arc Furnaces with hydrogen replacing conventional feedstocks (i.e. coal) for 
use in direct reduced iron process. Electric Arc Furnace (EAF) are used instead of 
traditional blast furnaces which might be considered a process change rather than 
fuel switching (A switch of fuel takes place but a new EAF is also required to replace 
the blast furnace).
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Under the EAF and DRI option Electric Arc Furnace is deployed during the early 2030s 
alongside hydrogen feedstocks for use in direct reduced iron processes. The speed 
at which these processes deployed is determined by the carbon price assumed in the 
model. In practice the timing of such events will be driven by decisions taken by industry.
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Under the CCUS option a minimal amount of fuel switching to hydrogen takes place and 
process emissions are sequestered through carbon capture and storage.

Key conclusions

The EAF and DRI option face the following considerations:

• EAF requires relatively high electricity use with impacts on electricity capacity and 
connection requirements. 

• The source of hydrogen needs to be low carbon and will depend on the 
infrastructure built in South Wales and Humberside.

The CCUS option faces the following considerations:

• Both sites face the challenges associated with retrofitting carbon capture units 
to existing infrastructure which is both costly and will not fully decarbonise 
all emissions.

• The Scunthorpe site does have the option to use a Humberside carbon transport and 
storage network. In contrast, the Port Talbot site would not have access to such a 
network, meaning the predominant transport option being considered at present is 
shipping CO2 to the North West cluster.
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Iron and steel: Emissions abated (MtCO2e) each year by 2050 
(figures are rounded)

All Tech CCS BECCS Hydrogen Electricity

Cluster networks 
(EAF and DRI)

8 - - 4 4

Cluster networks 
(CCUS)

8 7 - <1 0

155

Annex 4
1734  



Glossary

156

Glossary

Term Definition

Advanced Nuclear Includes Small Modular and Advanced Modular Reactors. 

Advanced Nuclear 
Reactors 

Reactors which use novel cooling systems or fuels and may offer new 
functionalities (such as industrial process heat). 

Bioenergy with 
Carbon Capture 
and Storage 

Refers to bioenergy processes (such as burning it for electricity) during 
which carbon is captured and stored. If carefully managed, using 
sustainable biomass, BECCS can generate ‘negative emissions’ because 
while providing energy it also it also captures and stores the atmospheric 
CO2 that is absorbed by plants as they grow. 

Bioenergy Refers to heat or electricity produced using biomass or gaseous and liquid 
fuels with a biological origin such as biomethane produced from biomass. 

Biomass Refers to any material of biological origin used as a feedstock for products 
(e.g. wood in construction to make chemicals and materials, like bio-based 
plastics), or as a fuel for bioenergy (heat, electricity and gaseous fuels such 
as biomethane and hydrogen) or biofuels (transport fuels). 

Biomethane Methane gas that is produced by processing biomass. It can be used for 
the same purposes as natural gas, like producing electricity or heat, and 
can use the same infrastructure for transmission and end-user equipment. 

Carbon intensity The amount of CO2 emitted per unit of product manufactured or unit of 
electricity generated.

Carbon capture 
readiness

When a plant is designed or modified so that it can be easily retrofitted 
with carbon capture technology at a later stage. Factors that can impact 
carbon capture readiness include: technology choice, equipment sizing, 
physical space and the layout of a plant.

Carbon Capture 
Utilisation and 
Storage (CCUS)

The process of capturing carbon dioxide from industrial processes, power 
generation, certain hydrogen production methods and greenhouse gas 
removal technologies such as bioenergy with carbon capture and storage 
and direct air capture. The captured carbon dioxide is then either used, for 
example in chemical processes, or stored permanently in disused oil and 
gas fields or naturally occurring geological storage sites.
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Term Definition

Carbon leakage Refers to the situation where policies achieve their goal of lowering 
emissions in one jurisdiction but drive some companies to move 
production or reallocate investment to other countries with less ambitious 
greenhouse gas emissions reduction policies. 
This could lead to an increase in overall global emissions, and a worse 
outcome for climate change.

Carbon price A cost applied to carbon pollution to encourage polluters to reduce the 
amount of greenhouse gases they emit into the atmosphere.

Clean electricity Types of electricity generating technologies that emit little or no fossil fuel 
derived greenhouse gas from generation. 

Clean Energy 
Ministerial

Multilateral forum to promote policies and programs that advance clean 
energy technology.

Climate Change 
Committee 

CCC is an independent, statutory body established to advise the UK and 
devolved governments on emission targets and to report to Parliament on 
progress made in reducing greenhouse gas emissions and preparing for 
and adapting to the impacts of climate change.

Conference of 
Parties (COP) 

COP refers to the decision-making body of the United Nations Framework 
Convention on Climate Change (UNFCCC).

In November 2021, the UK will be hosting the 26th annual session of the 
Conference of the Parties to the Convention, or “COP26”, in Glasgow.

Consumer product 
(also referred to as 
a final product)

A product which, once purchased, is consumed or used directly by 
the purchaser and is not sold on or used in the manufacture of another 
product.

Contracts for 
Difference Scheme 
(CfD)

The main support mechanism for large scale low-carbon electricity 
generation projects. Successful projects are awarded a long-term contract 
which secures a price to which they will either be topped up if electricity 
prices are low or pay back to if electricity prices are high. 

Decarbonisation A process of reducing the amount of carbon dioxide we release into the 
atmosphere.

Demand-side 
measures/policies

Policies that aim to increase overall demand for a product or service.
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Demand side 
response 
(solutions) 

Is when consumers adjust their energy usage in response to an external 
signal. Examples include either reducing it, delaying it, or using on-site 
generation or storage. DSR was historically provided by large industrial 
and commercial consumers, but technology development is making it 
easier for smaller consumers to provide these services for example by 
charging their electric car with a smart charger. 

Digitalisation Is the integration of digital technologies into a process, organisation, 
or system. For example, smart meters which automatically send meter 
readings to energy suppliers, meaning more accurate bills for customers. 

Direct air carbon 
capture and 
storage 

Use of engineered processes to capture carbon dioxide (CO2) directly from 
the atmosphere, for storage or use. 

Dispersed sites Industrial sites located outside of industrial clusters.

Distribution 
networks 

Regional networks that transport gas or electricity into homes and 
businesses and import electricity from small-scale generation. 

Electrification Switching from using fuels such as gas or petroleum, to using electricity. 
For example, switching from a gas boiler to an electric boiler for raising 
steam in industry. 

Embodied emissions 
(or embodied 
carbon)

The sum of all the emissions produced in the manufacture of a product. 
This includes emissions from the extraction and transportation of raw 
materials, and the manufacturing processes used to create the final 
product.

Emissions Trading 
Scheme (ETS)

Provides a long-term carbon price signal for UK heavy industry, aviation 
and power sectors to incentivise sector decarbonisation and support the 
UK to meet its legally binding carbon reduction targets.

Energy data Historical, current, and future information covering things such as how, 
where and when energy is generated, transported, used, and stored.

Energy efficiency When something performs better using the same amount of energy, 
or delivers the same performance for less. The principle of energy 
efficiency can be applied to many things: buildings, products, appliances, 
manufacturing processes, to name a few.

Energy 
Performance 
Contract 

An approach designed to assist public sector organisations retrofit their 
buildings by installing energy conservation measures to reduce carbon 
emissions and achieve substantial guaranteed annual cost savings
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Engineering 
standards 

The specifications to which the energy system is designed and operated.

Environmental 
Product 
Declarations 

A transparent, objective, comparable report, which is independently 
verified, that communicates what a product is made of and how it impacts 
the environment across its entire life cycle.

EU Carbon Border 
Adjustment 
Mechanism (CBAM) 

Policy proposed by the EU as part of the Green New Deal to put a carbon 
price on imports of certain goods from outside the EU to mitigate the risk 
of carbon leakage. 

Freeports A Freeport is usually defined as a place to carry out business inside a 
country’s land border but where different customs rules apply.

Flexibility The ability to change generation and/or demand in response to an external 
signal (e.g. price or contract terms). Flexibility enabling technologies 
include batteries, demand side response, interconnectors and fossil fuel 
generators. 

Fossil fuels Oil (and fuels derived from oil), coal and natural gas.

Greenhouse Gas 
Emissions 

Addition to the atmosphere of gases that are a cause of global warming, 
including carbon dioxide, methane and others. 

Greenhouse 
Gas Removal 
Technologies (or 
negative emissions) 

Methods that actively remove greenhouse gases from the atmosphere, 
ranging from engineered to nature-based solutions. 

Gross value added 
(GVA) 

Gross value added is the value generated by any unit engaged in the 
production of goods and services. 

Heat network A heat network, sometimes called district heating, is a system of insulated 
pipes that takes heat or cooling generated from a central source and 
distributes it to a number of domestic and non-domestic buildings. 

Heat pump A device that extracts heat from the air, ground or water and concentrates 
it to a higher temperature and delivers it elsewhere, for example to a 
central heating system. It can replace traditional fossil fuel heating, such 
as a gas or oil boiler. Heat pump systems are designed to extract a greater 
amount of heat energy from the surrounding environment than the energy 
they consume in doing so, therefore they can act as a more efficient 
source of heat than a conventional electric heater, producing two to three 
times (or more for very efficient systems) as much heat output as they 
consume in electricity input. 
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High Potential 
Opportunities 
(HPOs)

High Potential Opportunities (HPOs) are one of several investment support 
programmes designed to promote foreign investment into innovative areas 
of the economy.

Hydrogen for heat The combustion of hydrogen produces no long-lived greenhouse gas 
emissions at point of use, making it a possible low-carbon replacement for 
natural gas as a fuel source for heating homes and other buildings. 

Low carbon 
hydrogen 

Hydrogen that is produced with significantly lower greenhouse gas 
emissions compared to current methods of production – methods include 
reacting methane with steam to form hydrogen and then capturing the 
carbon dioxide by-product (steam methane reformation with CCUS) 
or using renewable electricity to split water into hydrogen and oxygen 
(electrolysis). 

Industrial cluster Places where related industries have co-located. Clustered industrial 
sectors tend to be those that required energy-intensive manufacturing 
processes, specifically: chemicals, glass, oil refining, paper and pulp, and 
iron and steel.

Industry Businesses and organisations involved in manufacturing, refining, coke 
production and mining.

Industrial symbiosis The process by which energy, resource and waste flows are shared 
between neighbouring industrial facilities, allowing for certain by-products 
of an industry or industrial process to become the raw materials for 
another. Application of this concept allows materials to be used in a more 
sustainable way and contributes to the creation of a circular economy.

Intermediary 
industrial products

A product manufactured from raw materials which goes on to be used in 
the manufacture of a final product. Examples include steel, cement and 
glass. (Some products can be both an intermediary product and a final 
product.)

Leadership Group 
for Industry 
Transition (LeadIT)

Multilateral group aiming to foster public-private collaboration supported 
by technical expertise sharing to accelerate the decarbonisation of 
industry.

Low-carbon 
electricity 
generating 
technologies

Types of electricity generating technologies that emit little or no carbon, 
which include renewables, nuclear, CCUS power generation. 
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Low-carbon 
industrial product 

A product manufactured producing fewer, or even zero, emissions. (This 
is a working definition for the purpose of this Strategy and will need to be 
expanded upon, per the discussion in Chapter 3.)

Industrial products range from intermediary materials such as steel, 
cement and glass, to consumer products such as vehicles and appliances.

MtCO2 A unit of carbon dioxide: megatonnes of carbon dioxide equivalent.

Market failure Market failure is where the market mechanism alone cannot achieve 
economic efficiency.

Economic efficiency is achieved when nobody can be made better 
off without someone else being made worse off. Economic efficiency 
enhances social welfare by ensuring resources are allocated and used in 
the most productive manner possible. One potential cause of inefficiency 
is when the private returns to an individual or firm from carrying out a 
particular action or activity differs from the returns to society as a whole, 
meaning there are external costs or benefits. 

Mission Innovation Mission Innovation is a global initiative to accelerate public and private 
clean energy innovation to address climate change, make clean energy 
affordable to consumers, and create green jobs and commercial 
opportunities.

Mission Possible 
Partnership

A coalition of public and private partners working on the industry transition 
to set heavy industry on the pathway towards net-zero emissions by mid-
century.

Negative emission Achieved by removing greenhouse gases from the atmosphere, for 
example, through direct air capture or bio-energy production with carbon 
capture.

Net zero Refers to a point at which the amount of greenhouse gas being put into the 
atmosphere by human activity in the UK equals the amount of greenhouse 
gas that is being taken out of the atmosphere.

The Organisation 
for Economic 
Co-operation 
and Development 
(OECD)

An intergovernmental economic organisation with 37 member countries, 
which aims to stimulate economic progress and world trade.
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Paris Agreement A legally binding international treaty on climate change. It sets out a global 
framework to avoid dangerous climate change by limiting global warming 
to well below 2°C and pursuing efforts to limit it to 1.5°C. It also aims to 
strengthen countries’ ability to deal with the impacts of climate change and 
support them in their efforts.

Policy costs Cost on energy bills of programmes to save energy, reduce emissions, and 
provide financial support to the fuel poor.

Product labelling A mark or label on a product’s packaging which conveys information to the 
consumer about the product’s unique value. For example, a label might 
signal that a product has been certified as meeting a particular standard. 

Renewable energy Energy that is collected from resources which are naturally replaced in 
human timescales such as sunlight, wind, rain, tides and waves. 

R&D Research and development: thinking up new ideas and applying them. 

Small Modular 
Reactors (SMRs) 

SMRs are usually based on proven water-cooled reactors similar to 
current Nuclear Power station reactors, but on a smaller scale. They use 
nuclear fission to generate low-carbon electricity. SMRs are called modular 
reactors as their components can be manufactured in factories using 
innovative techniques and then transported to site to be assembled. 

T Levels T Levels are technical study programmes for 16 to 19-year-olds which 
combine classroom learning with a substantive industry placement. 

Transmission 
networks

National networks that transport gas and electricity long distances across 
Great Britain; the motorways of our energy network. 

TWh A unit of energy: Terawatt hours

United Nations 
Environment 
Programme (UNEP)

Responsible for coordinating responses to environmental issues within the 
United Nations system

United Nations 
Framework 
Convention on 
Climate Change 
(UNFCCC)

International environmental treaty addressing climate change and the 
parent treaty of the 2015 Paris Agreement, signed in 1992.
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United Nations 
Industrial 
Development 
Organisations 
(UNIDO)

A specialised agency in the United Nations system that assists countries in 
economic and industrial development.

Voluntary buyers 
alliance 

Two or more organisations combining their purchasing power in order to 
achieve value for money.

Voluntary product 
standards 

Voluntary product standards establish a recommended specification for a 
particular aspect of a product. Manufacturers can choose whether to meet 
this standard. Those that do receive certification which demonstrates to 
consumers the unique quality or value the product has, which differs from 
others on the market.

Wholesale costs The amount energy companies pay to buy gas and electricity.

World Economic 
Forum (WEF)

An international organisation for public-private cooperation. It engages 
political, business, cultural, and other leaders in society to shape global, 
regional and industry agendas.

World Trade 
Organisation

The global international organisation that deals with the rules of trade 
between nations
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 Introduction 1.

Steel is a vital material for a modern, industrialised economy. Modern buildings, cars, ships, 

tools, industrial machinery and household appliances would not be imaginable without its 

unique and diverse properties. Steel is a vital component in most of the EU’s industrial 

ecosystems. It is estimated that, for every person in the EU, there are currently about 12 

tonnes of steel in use.
1
    

The European steel industry has a long history and is a leader in innovation, quality and 

environmental performance. However, the sector has been struggling in recent years – with 

stagnating demand, international trade distortions and a pandemic that has disrupted supply 

chains and impacted downstream sectors. At the same time, the European steel industry is 

expected to invest in research and development, rethink its production processes and deliver 

substantial emission reductions in order to stay competitive and contribute to climate 

neutrality by 2050. This combination makes for an exceptionally challenging business 

environment and illustrates many of the challenges that EU industry at large faces. 

The Commission’s New Industrial Strategy for Europe, adopted a year ago, sees industry at 

the heart of the twin green and digital transition driving change in the European economy.
2
 

For this to happen, Europe needs a deeper and more digital single market, greater resilience 

and open strategic autonomy in line with the recently adopted Commission Trade Policy 

Review.
3
 The Industrial Strategy recognised that energy-intensive industries are indispensable 

to Europe’s economy and that other sectors rely on them. It announced that the Commission 

would support clean steel breakthrough technologies leading to a zero-carbon steel making 

process and recalled the importance of creating new markets for climate-neutral and circular 

products such as steel, cement and basic chemicals.   

The steel sector and other energy-intensive industries play a vital role in providing products 

and services to a wide-range of Europe’s industrial ecosystems, which are assessed in the 

accompanying staff working document on the single market economy report, and its annex 

presenting the 14 industrial ecosystem fiches
4
. The steel sector and other energy-intensive 

industries also face common challenges to achieve their twin transition and resilience 

objectives.  

Steel is capable of being one of the first hard-to-abate sectors to produce green products, and 

to do so first in Europe, provided that the right framing conditions are in place. However, this 

is a race against time. 2050 is just one investment cycle away for a sector like steel, which has 

long-lasting capital assets. The next five years will be crucial for seeing which part of the 

world is fastest to develop clean breakthrough technologies and processes to make steel.   

The steel sector is an important voice in the High-Level Group on Energy-Intensive 

Industries, which in 2019 developed its masterplan on how steel and other energy-intensive 

industries could reach climate-neutrality and circularity by 2050.
5
 

This staff working document shows which policies and tools the EU has at its disposal or in 

the pipeline to help the steel industry in its transformation – from research funding, through 

regulatory measures to trade instruments.   

                                                 
1 Material Economics (2019): Industrial Transformation 2050. 
2 COM/2020/102 final, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0102  
3 COM(2021) 66 final, https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021DC0066&from=ES 
4 SWD(2021)351, Annual Single Market Report 2021, Annex III 
5 https://op.europa.eu/en/publication-detail/-/publication/be308ba7-14da-11ea-8c1f-01aa75ed71a1  
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 The steel industry in Europe and globally 2.

The European steel industry has more than 500 production sites operating across 23 EU 

Member States. The industry directly employs 330,000 people, and when including indirect 

and induced jobs in other sectors, creates 2.6 million jobs throughout the EU.
6
  

Figure 1: EU Steel industry manufacturing facilities 

 
Source: JRC (data from Plantfacts)  

In 2019, total global steel production was 1.9 billion tonnes. The EU was the second biggest 

steel producer in the world, accounting for around 150 million tonnes of production, after 

China, whose production currently represents around 53% of global production (1 billion 

tonnes).
7
  

The EU currently imports around 41 million tonnes of steel annually, mainly from non-EU 

European countries, CIS and Asian countries, or 26% of its consumption. It exports 30 million 

tonnes, or 18% of its production, mainly to non-EU European countries and North America.
8
 

In value terms, the trade balance of the iron and steel sector is positive, at EUR 1.1 billion in 

2019.
9
 

Steel is a crucial input to several downstream ecosystems, such as construction, mobility and 

automotive, or for mechanical engineering companies. Data on steel consumption per sector 

shows that construction account for 35% steel use in the EU, automotive for 19%, mechanical 

engineering and metal ware by 15% each and tubes for 10%
10

. Companies active in these 

sectors, many of which are small and medium-sized enterprises (SMEs), employ millions of 

workers in Europe and depend on EU steel production. These European businesses rely on 

                                                 
6
 EUROFER, European Steel in Figures 2020.  

7
 World Steel Association, Steel Statistical Yearbook 2020. 

8
 World Steel Association, Steel Statistical Yearbook 2020. 

9
 https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=International_trade_in_goods_by_type_of_good 
10EUROFER, European Steel in Figures 2020.  
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having access to steel products at competitive prices in order to be able to compete, even 

globally. 

Two main steelmaking processes are currently used in the EU:  

 60% of steel is made via the integrated route, which produces virgin steel from iron 

ore. Iron, in the form of sinter or pellets, is reduced in the presence of coke in a blast 

furnace (BF), and then converted into crude steel in a basic oxygen furnace (BOF).  

 40% of steel is made through the recycling route, where scrap steel is reprocessed in 

an electric arc furnace (EAF).
11

  

Steel is not a homogenous product and different types of steel can be distinguished based on 

chemical composition (carbon, stainless, electrical and specialty steel), physical form (flat and 

long steel), transformation stage (hot rolled, cold rolled, galvanised steel), as well as quality 

differentiation (high-end/advanced quality steel products vs basic grades steel).  

European steel demand is differentiated, with different demand patterns and prices across 

European regions. Such differences come on top of what can be observed at the global level, 

where prices, trade flows and demand patterns vary greatly. Some steel producers act as 

opportunistic players, shifting their supplies across the world for price arbitrage. The level of 

imports is not homogeneous across Europe, as imported steel is mainly steel of lower quality 

and basic grades, which does not meet the criteria of certain users that need more specialised 

steel, such as the automotive industry.  

Whilst the EU steel industry operates in a global context, the markets for different steel 

products are regional (EEA-wide) or possibly sub-regional in scope. Market structures largely 

differ across different geographic regions and sourcing occurs to a very large extent at a 

regional level. Importantly, the pricing of steel products can be significantly differentiated 

across different geographic areas around the world as prices are not only affected by global 

development in raw material and global demand/supply balances but are also significantly 

affected by domestic factors that drive local price differentiation.
12

 For example, the relevant 

price benchmarks and indices for steel products vary geographically, often even on a sub-

regional level.  

Nonetheless, different levels of environmental commitments and targets around the world 

already affect the EU steel industry's ecosystem and competitiveness in certain steel grades. 

This will increase as the sector develops low emission products that cost more but apart from 

environmental footprint perform identically compared to conventional products. Such 

imbalances may give rise to carbon-intensive imports, in particular of commodity steel 

grades, replacing more expensive EU production as a result of higher cost due to 

environmental commitments, or to direct relocation of industry to less-regulated 

jurisdictions.     

Main actors in the European steel sector 

Following a number of consolidation waves (e.g. Mittal/Arcelor (2006), Outokumpu/Inoxum 

(2012), SSAB/Rautaruukki (2014), ArcelorMittal/Ilva (2018) and the emergence of the 

Liberty Steel Group (2018-present), the steel industry in Europe has become heavily 

concentrated. High levels of concentrations often lead to increased prices across many value 

chains.  

                                                 
11

 EUROFER, European Steel in Figures 2020. 
12 M.8444 – ArcelorMittal/Ilva, recitals 321 et seqq. 
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In the recent consolidation wave, merger control enforcement contributed to keeping vibrant 

competition in the European steel markets to the benefit of the many downstream industries 

that use steel, rely on affordable materials to compete globally and employ millions of 

Europeans. By prohibiting anti-competitive mergers (e.g. Tata Steel/ThyssenKrupp) or 

approving mergers subject to conditions, such as structural divestitures (e.g. 

ArcelorMittal/Ilva), merger enforcement ensured that European steel customers are not left 

with less choice, higher prices, or less innovation.  

Top 10 EU Steel Producers, 2019  

Company ktonnes 

ArcelorMittal 38 839 

Tata Steel 10 000 

Thyssenkrupp 8 678 

Voestalpine 7 224 

 Riva 6 306 

Celsa 6 276 

Salzgitter AG 5 426 

SSAB Europe 5 071 

Liberty Steel Group 3 988 

 US Steel Kosice 3 541 

Source: EUROFER
13

 

Continued vigorous merger control enforcement will play a crucial role during the transition 

towards a green, digital and resilient EU steel industry. Preserving vibrant competition among 

European steel players will ensure that the steel industry, which is an energy intensive 

industry and a major user of raw materials, has the incentives to continue investing in R&D 

projects and deployment, innovating and improving their production processes to become 

more sustainable. Such desired beneficial competition should extend to maintain future 

innovation competition where different companies could develop a range of green 

technologies, methods and solutions.  

The current situation  

The COVID-19 pandemic dramatically reduced steel demand in the EU as well as abroad. In 

its most recent Outlook from October 2020, Worldsteel expected global steel demand to 

contract by -2.4% and in the developed economies by -14.9%. Major steel consuming 

economies like India, Japan, the European Union and the United States experienced dramatic 

demand declines of 18.0%, 19.1%, 15.8% and 22.9%, respectively. The only exception is 

China where Worldsteel anticipated steel demand to increase by 8% in 2020, aided by 

government infrastructure stimulus and a strong property market.
14

  

While the COVID-19 pandemic has had an impact on the steel demand and consumption, 

under normal circumstances, and without prejudice to the cyclical nature of the industry, steel 

                                                 
13 Notes: Total Crude Steel production, all qualities; data refer to EU production 
14 OECD - STEEL MARKET DEVELOPMENTS – Q4 2020: https://www.oecd.org/industry/ind/steel-market-developments-

Q4-2020.pdf  
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supply and demand in the EU are in broadly in balance. The structural overcapacities in EU 

steel production that peaked in the 1970s have been addressed through decades of 

comprehensive policies on capacity rationalisation and strict State aid control.
15

   

The global shortfall in demand in 2020 adds to a long-standing problem of overcapacity, 

which severely undermines the functioning of the global steel markets. According to the latest 

OECD data, global overcapacity (in nominal crude terms) is now 624.1 million tonnes, i.e. 

more than three times the full EU capacity (203.1 million tonnes), and one fourth of 

worldwide steel production capacity (around 2.4 billion tonnes). For the past 15 years, China 

alone has increased its steelmaking capacity by 599 million tonnes; this increase corresponds 

closely to the current global excess capacity in crude steel production. Other countries such as 

India, Indonesia and Turkey have recently also increased their steelmaking capacity. The EU 

is at the forefront of the international efforts to tackle the problem playing a key role in the 

creation of the Global Forum on Steel Excess Capacity in 2016. Since 2019, China, Saudi 

Arabia and India have disengaged from the Forum’s work. Nevertheless, joint efforts are 

needed to address the overcapacity issue and its root causes. 

In any case, the relationship between the production capacity for downstream steel products, 

including high-end steel grades, and global crude steel overcapacity is not linear. Crude steel 

overcapacities do not necessarily have a direct effect on the capacity, availability and price of 

various downstream steel products demanded by sophisticated European steel customers, such 

as car manufacturers and mechanical engineering businesses.   

  

                                                 
15 As shown by the Commission’s recent merger investigations in cases M.8444 ArcelorMittal/Ilva and M.8713 Tata 

Steel/ThyssenKrupp/JV, the capacity utilisation in the EU is very high. 
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 The green and digital transition challenge  3.

Going Green   

Reducing the CO2 intensity of the energy intensive industries in general and the global steel 

sector in particular is crucial for meeting the objectives of the Paris agreement and the EU’s 

own climate targets. The EU steel industry currently accounts for 221 Mt GHG emissions 

annually (including both direct and indirect emissions). This is 5.7% of total EU emissions. 

Energy-intensive industries altogether accounted for 665 Mt GHG emission (only direct 

emissions), 15% of the EU total.
16

 To meet the ambitions of the European Green Deal, the 

steel industry has to transform itself in order to stay competitive.   

On average, steel production in the EU belongs to the most CO2 efficient worldwide, and 

contrary to production in some third countries (such as Brazil) does not depend on the use of 

charcoal, which causes deforestation. The EU has the most efficient blast furnaces/blast 

oxygen furnaces in the world. Their average emissions per tonne of steel produced is close to 

2.0 tCO2, considering direct emissions (scope 1), indirect emissions such as CO2 imbedded in 

electricity use (scope 2) and raw material sourcing (scope 3). The emissions factor of the grid 

electricity is a determinant factor for the CO2 emissions of the secondary (EAF) route, a 

significant part of EU electricity already being decarbonised.  

Figure 2: CO2 emissions per tonne of steel in China, the EU, the US and Mexico by 

process route 

 
Source: Fraunhofer, IMWS (2020)

17
, figure adapted 

The EU steel industry has already reduced emissions by 26% since 1990, driven by energy 

efficiency improvements and higher recycling rates.
18

 Achieving climate-neutrality by 2050, 

however, requires radical changes to the way steel is produced. Major steel producers and 

steel-producing countries (US, China, Japan, South Korea) have recently adopted climate 

neutrality goals by mid-century. The goal now is to translate this ambition into action. 

                                                 
16 VUB (2018): Industrial Value Chain: A Bridge towards a Carbon Neutral Europe. 
17 https://www.bdsv.org/fileadmin/user_upload/Final_Scrap_Bonus_PDF_49.pdf. Note: The two data points given for CN 

refer to two different studies, cf. the original Fraunhofer, IMWS paper. 
18 VUB (2018): Industrial Value Chain: A Bridge towards a Carbon Neutral Europe. 
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Increased circularity through the EAF route and a shift to fully decarbonised electricity will 

be imperative, however due to the continued need for virgin steel, fully new processes, such 

as hydrogen direct reduction and CCUS steelmaking processes, will also be needed.  

Figure 3: Main pathways and ongoing projects for low-carbon steelmaking 

  
Source: Eurofer 

Most low-carbon steel production pathways are not yet at technological maturity and it is not 

yet clear which process will dominate steel production in the future. Nevertheless, they show 

a high potential for future, innovative technologies, benefitting not only climate but also air 

quality trough a reduction of non-GHG emissions. Therefore, further research, close-to-

market innovation and demonstration of multiple pathways will be necessary.  

While the commercial roll-out of low-carbon solutions is only expected around 2030, 

ambitious investments into pilot and demonstration plants are necessary today to enable rapid 

deployment and European market leadership once the technologies are available.  

 

Table 1: Technology Readiness Levels (TRL) of key low-carbon steelmaking 

technologies 
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Source: JRC 

Producing steel without CO2 emissions will come at a cost, however. Even when necessary 

research and innovation (R&I) investments are excluded, low-CO2 production routes have a 

higher cost due to their increased demand for hydrogen, electricity and steel scrap. The figure 

below shows cost estimates for different production routes, showing an increase of up to 20% 

for hydrogen direct reduction compared to traditional integrated mills.  

Figure 4: Cost per tonne of steel for different steelmaking pathways 

  
Source: Material Economics (2019): Industrial Transformation 2050 

The European Steel Association (‘Eurofer’) estimates that in comparison with conventional 

steel, it would cost EUR110 to EUR320 more per tonne to produce green steel through the 

primary (iron ore) route. This difference mainly results from higher operational costs, in 

particular for the low CO2 energy and feedstock supply (electricity and hydrogen).    

If the full additional cost of green steel falls on the steel producer, it will be unable to compete 

on price with conventional steel. If the cost is passed through to the end-consumer product, 

the extra cost with green steel could be under EUR300 more for the price of a car and under 

EUR20 more for the price of a washing machine. Supportive policy efforts can help to bring 

about these new markets for ‘green’ products, generating demand from end-consumers for 

(slightly) more expensive but more environmentally friendly products. If the extra cost of 

producing green products is not passed to the end consumer because of competitive pressures 

from traditional steel makers or because of low demand from consumers for green steel, then 

it may be necessary to provide temporary compensation for the extra costs and simultaneously 

take measures to support the business case for clean products.  

Closing the loop – the role of circularity  

Steel is already a highly circular material. On average, the EU already recovers 85% of end-

of-life steel for recycling. Recycling works because of the intrinsic economic value of steel 

scrap: the 131 Mt of scrap generated in the EU every year is worth some EUR 30 billion. The 
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EU uses 94 Mt of this scrap, making up half of the iron input to EU steelmaking. It exports 17 

Mt, with Turkey the largest destination.
19

   

Using steel scrap in the production process reduces CO2 emissions by 58%, air pollution by 

86%, water use by 40% and water pollution by 76%.
20

 However, there are challenges to 

increasing the share of secondary steel: many steel applications, such as in car manufacturing 

or structural elements in buildings have low tolerances for copper content. Therefore, mixing 

different types of steel scraps and other, jointly recycled components containing copper (such 

as electrical wiring in cars), currently makes it impossible to use secondary steel in certain 

applications. Circular-by-design approaches and better scrap sorting processes will improve 

the outlook and help accommodate increased circularity. 

By the 2050s, some estimates show that the amount of scrap available in the EU could be as 

large as total EU annual steel needs, raising the interesting prospect that recycling could 

satisfy a large part of the EU’s steel needs, if the quality is good enough. Steel could become 

a nearly fully circular material.   

Figure 5: Scrap availability and steel production 

 
Source: Material Economics (2019): Industrial Transformation 2050 

The Commission is currently reviewing the Waste Shipment Regulation,
21

 with the aim of 

stopping exports of waste that have harmful environmental and health impacts in third 

countries and improving the management of waste exported outside the EU. Other actions 

outlined in the new Circular Economy Action Plan
22

, relating to product design, quality and 

safety of secondary materials and enhancing their markets, will contribute to making 

“recycled in the EU” a benchmark for qualitative secondary materials. 

                                                 
19 Material Economics (2019): Industrial Transformation 2050 
20 EuRIC (2020): Metal Recycling factsheet 
21 Regulation (EC) No 1013/2006, https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32006R1013  
22 COM/2020/98 final, https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN  
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By-products of the steel sector, such as iron and steel slag and slag-based products are used in 

the cement and construction sectors as secondary raw materials. However, ferrous slag and 

slag-based products increasingly face difficulties in being accepted in public tenders. 

Secondary construction materials are – unlike virgin materials – reportedly forbidden in 

public tenders due to the burden of undertaking the environmental assessments that tenderers 

would otherwise have to carry out. This is a real obstacle to Circular Economy and the 

accomplishment of the Green Deal goals, which could be addressed through prioritisation of 

secondary building materials in public tenders. 

The business case for green steel 

The technology pathways are largely known. The remaining challenge is to attract the 

necessary investment to develop green steel first in Europe. There is an appetite for this, as 

the plans of most major EU steel producers show. However, several factors need to come 

together in order to create the business case for investment: 

- A policy framework enabling financial incentives to emit less  

- market confidence in the long-term stability of the EU regulatory and policy 

framework 

- the availability of EU, national and private funding along the path towards market 

deployment; 

- certainty about the availability of effective carbon leakage measures, and  

- robust protection against unfair trade practices. 

Chapter 3 describes how the EU policy toolbox already contributes to creating the business 

case for investment. Remaining challenges are also identified.  

Digitalisation – an important enabler for green and circular steel  

The steel sector has long been a front-runner in digitalising its processes in order to improve 

resource efficiency and reduce emissions. Further digitalisation of the sector and better use of 

industrial data can optimise steel supply chains and enable new business models.  

Digital technologies will also act as crosscutting enablers for industrial transformation in the 

energy-intensive industries (EIIs). Increased automation, process control and demand-side 

response will result in greater resource efficiency. Digital technologies can speed up the 

deployment of breakthrough processes and product innovation. Machine learning and 

artificial intelligence are strategic technologies for the development of new or advanced 

materials and catalysts. Blockchain technologies can facilitate tracking of supply chains and 

products’ carbon footprint. Digital product passports should be a major contribution to 

sustainable product policy and enable greater circularity, including for the EIIs. 

A report by Branca et al. (2020) in the journal Metals
23

 reviews the challenges and 

opportunities that lie in the digitalisation of the steel sector. It outlines the potential for 

increasing production efficiency and sustainability with the use of digital technologies, such 

as Internet of Things, predictive maintenance and robotics. It also emphasises the importance 

of continuous updating of workers’ skills and discusses the role European research 

programmes and skills blueprints play in driving their adoption. 

Data sharing among industrial players will be important. The Commission’s proposal for a 

Data Governance Act
24

 addresses the need for clear rules on secure data sharing. The EU’s 

Digital Europe Programme will invest in data spaces to optimise supply chains and predictive 

maintenance. 

                                                 
23 https://www.mdpi.com/2075-4701/10/2/288/htm  
24 COM/2020/767 final , https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020PC0767  
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To handle the new process conditions and the corresponding new issues, e.g. related to safety 

and the stronger fluctuations of energy supply and process conditions, Machine learning and 

artificial intelligence techniques will play an ever-increasing role. Cybersecurity aspects must 

be deployed with specific strategies devoted to the steel sector.  
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 The EU toolbox - towards green, digital and resilient EU steel industry   4.

 Funding and budget programmes 4.1

4.1.1 The Recovery and Resilience Facility 

The COVID-19 pandemic has created enormous challenges for industry, but also 

opportunities to accelerate the transition and to ‘build back better’.
25

 The EU and its Member 

States have secured a stimulus package of EUR 1.8 trillion made up of the new long-term 

budget for 2021-2027 and the Next Generation EU (NGEU) recovery package. The Recovery 

and Resilience Facility (RRF) is the cornerstone of that package, with EUR 672.5 billion 

available in loans and grants to support reforms and investments undertaken by Member 

States. Member States will prepare recovery and resilience plans that set out a coherent 

package of reforms and public investment projects. To benefit from the support of the 

Facility, these reforms and investments should be committed by 2023 and implemented by 

2026.
 

Each recovery and resilience plan should allocate at least 37% and 20% of the Recovery and 

Resilience Facility for investments and reforms that foster respectively the green and digital 

transitions. The Commission will assess the plans against these targets.  

NGEU and in particular the RRF provide an unprecedented opportunity for industry and 

Member States to accelerate the decarbonisation of heavy industries like steel, developing 

resilient value chains and building open strategic autonomy. Such investments offer the 

opportunity to bring the industry onto a transition path towards climate neutrality, recognising 

that initial projects may not be fully carbon-free themselves but nevertheless contribute to the 

necessary advancement of low-carbon technologies. Projects relating to breakthrough 

technologies, such as hydrogen-based steelmaking, carbon capture, utilisation and storage, 

investments in infrastructure and skills will be important and could be financed under RRF, 

provided that they comply with the “do-no-significant-harm” principle, ensuring that they do 

not significantly harm the environment.
26

  

4.1.2 Research and Innovation  

The EU needs to step up its R&I in breakthrough technologies to support the development of 

green steel. Building on the work already carried out under past Framework Programmes and 

with the help of the Research Fund for Coal and Steel (RFCS), the Commission is launching a 

Horizon Europe European partnership on clean steel.
27

 It will focus on accelerating and 

deploying the most promising solutions for climate-neutral steel production. The partnership 

will support research and innovation activities from the pilot to the demonstration phases of 

breakthrough technologies for carbon neutral steel production, while leveraging private 

investments. 

The specific aims of the clean steel partnership are: 

 Developing, testing and scaling breakthrough technologies for clean steel production 

consistent with the climate neutrality objective by 2050.  

 Achieving TRL 8 by 2030 in at least 12 technologies funded by the Partnership; 

                                                 
25 OECD (2020): Building back better: A sustainable, resilient recovery after COVID-19, 

https://www.oecd.org/coronavirus/policy-responses/building-back-better-a-sustainable-resilient-recovery-after-covid-19-

52b869f5/  
26  Commission Notice C(2021) 1054 final clarifies that, in relation to measures supporting activities covered by the EU 

Emission Trading System (ETS) in particular, in order not to distort the market signals put in place by the ETS,  activities 

with projected CO2 equivalent emissions that are not substantially lower than the relevant benchmarks  established for free 

allocation should generally not be supported under the RRF. 
27 SWD(2021)351, Annual Single Market Report 2021, Annex II 
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 Ensuring the construction by 2030 of at least two demonstrations of a technological 

pathway (Carbon Direct Avoidance, Process Integration, Carbon Capture and Usage, 

Circular Industry) leading to 80% CO2 emission reduction compared to 1990 levels for 

the plants where the demonstration projects are implemented. 

 Fostering European steel competitiveness tackling digitalisation, upskilling and new 

markets creation. 

 Providing the European Steel sector with a first mover advantage to introduce clean 

steel technologies. 

Based on the estimated industrial efforts from the steel sector in R&I projects falling within 

the scope of the Clean Steel Partnership, the total resource requirement is estimated at around 

EUR 2.5 billion, as estimated by ESTEP, the European Steel Technology platform, 

representing the private side of the Clean Steel partnership. Once a technology has 

successfully been demonstrated, an additional investment of around EUR 9 billion is needed 

for its first roll-out.  

The alignment and coordination of private and public funding ensures financing up to the 

deployment phase. The European Parliament Pilot Project “Green Steel” will provide a set of 

scenarios on this.   

The clean steel partnership relies on synergies of funds up to EUR 700 million coming in 

equal parts from Horizon Europe and assets of the European Coal and Steel Community in 

liquidation. The Commission is exploring the possible use of part of the funding under the 

European Coal and Steel Community ‘in liquidation’ (ECSC). A revision of the RFCS legal 

bases (announced in the Commission’s EU Green Deal Investment Plan in January 2020
28

) is 

moving forward with the aim to be adopted in 2021 . 

Steel will also be part of a broader Horizon Europe partnership on energy-intensive industries. 

Under Horizon 2020, the steel sector was part of the public-private partnership SPIRE - 

Sustainable Process Industry through Resource and Energy Efficiency. It addressed process 

optimisation, waste material recovery, alternative feedstock, waste energy valorisation and 

industrial symbiosis. Under Horizon Europe, this will become the European partnership 

Processes4Planet. This partnership aims at circularity and an extensive decarbonisation of 

European process industries, with a strong focus on competitiveness with a cross sectorial 

approach. 

4.1.3 Innovation Fund  

The Innovation Fund established under the EU Emissions Trading System
29

 is one of the 

world’s largest funding programmes for the demonstration of innovative low-carbon 

technologies in multiple sectors, including energy-intensive industries such as steel. It will 

provide about EUR 18 billion
30

 of support over 2021-2030 for the commercial demonstration 

of innovative low-carbon technologies (in energy intensive industries, including CCS and 

CCUS; renewable energy; energy storage), aiming to bring to the market industrial solutions 

to decarbonise Europe and support its transition to climate neutrality.  

The first call for large-scale proposals with capital expenditure above EUR 7.5 million closed 

in October 2020 and received 311 proposals for innovative clean tech projects located in all 

Member States and covering all sectors, including steel. Following the evaluation of the first 

                                                 
28 COM/2020/21 final, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0021  
29 Commission Delegated Regulation (EU) 2019/856 of 26 February 2019 supplementing Directive 2003/87/EC of the 

European Parliament and of the Council with regard to the operation of the Innovation Fund, https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=CELEX:32019R0856  
30 Assuming a carbon price of EUR 40/tCO2-eq. 
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stage of the application process, 70 projects continue to the second stage and submit full 

applications for the first Innovation Fund call for large-scale projects, while all applicants 

have been informed about the results. Grants will be awarded at the end of 2021.   .    

The Commission is also running the first call for small-scale projects under the Innovation 

Fund with capital expenditure between EUR 2.5 and EUR 7.5 million. The Commission 

received 232 applications for innovative clean tech projects in renewable energy, energy-

intensive industries, energy storage, and carbon capture, use and storage (CCUS).
31

 

Applications come from projects to be implemented in all Member States, Iceland and 

Norway and the proposed projects have requested a total of more than EUR 1 billion. 

Proposals that fulfil the admissibility and eligibility conditions will be evaluated by external 

evaluators against the award criteria and applicants will be informed about the results of the 

evaluation in August 2021. The grants will be awarded in the end of 2021.  

Further calls for proposals, one for large-scale and one for small-scale projects, are planned to 

be launched later in 2021. 

For energy intensive industries, such as steel, the main technological pathways outlined in the 

proposals focus on hydrogen, carbon capture use and/or storage (CCUS), as well as recycling 

(e.g. scrap metal, plastics), pyrolysis, and electrification. The upcoming proposal for a 

revision of the EU ETS in light of increased climate ambition and its accompanying impact 

assessment will also address the future of the Innovation Fund. 

4.1.4 InvestEU  

The InvestEU Fund, as part of the InvestEU Programme, will finance  a wide range of 

investments, including in energy-intensive industries. An EU Guarantee of EUR 26.2 billion 

underpinned by budgetary means of the Next Generation EU recovery instrument and the 

Multiannual Financial Framework 2021-2027, will allow additional public and private 

investments of around EUR 370 billion. 

Financial support under the InvestEU Fund is demand-driven and can take various forms of 

equity or loan finance provided by the European Investment Bank Group or other 

implementing partners.   

The InvestEU Fund, with its four priority areas (“policy windows”), has a strong focus on 

financing investments that have a positive climate and environmental impact. The InvestEU’s 

Sustainable Infrastructure Window supports investments in sustainable industrial applications 

which help reduce greenhouse gas emission. The InvestEU’s Research, Innovation and 

Digitisation Window supports new environmentally sustainable technologies that lead to the 

reduction of greenhouse gas emissions of energy-intensive industries. Both windows are 

relevant for steel.      

4.1.5 Sustainable financing taxonomy  

On 8 March 2018, the EU Commission published its Action Plan: “Financing Sustainable 

Growth”, stating the need for a deep rethink of the European financial framework. The Action 

Plan describes the EU strategy for sustainable finance and is part of the implementation plan 

of Article 2(1)(c) of the Paris Agreement, relating to the alignment of financial flows with 

global climate goals and the UN 2030 Agenda for Sustainable Development.  

The Sustainable Financing Taxonomy forms part of the implementation of the Action Plan on 

Sustainable Finance. It aims to further incentivise and channel private sector investment into 

                                                 
31 https://ec.europa.eu/clima/news/first-innovation-fund-call-small-scale-projects-232-applications-eur-100-million-eu-

funding_en  
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sustainable development, by making investors more aware of what they invest in and by 

giving investors important tools to invest sustainably.  

The first Delegated Acts setting sustainable financing taxonomy criteria for climate change 

mitigation and adaptation and aligned on the European Green Deal has been approved in 

principle on 21 April 2021 and will be formally adopted at the end of May. 

Steel production is included among the activities listed in the EU taxonomy for sustainable 

investments to incentivise environmental improvements in the manufacturing of steel over 

time. While steel production is not low carbon today, the technical screening criteria for steel 

production in the taxonomy recognise the most climate-friendly forms of production, while 

ensuring no significant harm to other environmental objectives. The technical screening 

criteria also recognise the important role of research, development and innovation activities in 

low-carbon steel manufacturing technologies, especially for those technologies which are at 

an already advanced stage of development but not yet commercial. The criteria will tighten 

over time to ensure the need for constant efficiency gains and improvements in the 

environmental footprint of steel manufacturing. Capital expenditure for investments to reach 

these criteria will be eligible for green bonds under the forthcoming EU Green Bond 

Standard. 

The taxonomy criteria for manufacturing of steel are setting a long-term ‘gold standard’, 

encourage investment in new breakthrough technologies with which markets are as yet 

unfamiliar and leave room for transitional investments that help the steel industry move 

towards the European Green Deal goals.  

4.1.6 Competition policy  

As for any other sector, investment and structural adjustments of steel output in the EU are 

genuinely market driven. Investment in development and deployment of breakthrough low-

carbon technologies will require private financing, supported however by relevant EU 

programmes and national measures, where necessary and compatible with EU State aid rules. 

As such, the steel sector can benefit from certain types of State aid to replace existing 

production processes with less or even zero emitting ones. 

State aid is possible for Research, Development and Innovation (RDI) activities into 

innovative breakthrough clean technologies, as well as for RDI activities into digital tools 

relevant for the industry’s transformation. 

Under the Guidelines on State aid for environmental protection and energy (EEAG), aid may 

be granted for the introduction of climate or other environmental friendly technologies. The 

Commission is currently preparing the revision of the EEAG. The support is limited to the 

shift to green technologies and may not generate undue distortions of competition and trade in 

the internal market. It must also meet the compatibility requirements under State aid rules. 

For example, steel producers may receive investment aid through national aid schemes for 

significantly improving the environmental footprint of their production facility, if the positive 

impact on environmental protection substantially exceeds, on the one hand, the level required 

by law or envisaged by Union objectives and, on the other hand, what the market itself would 

bring about. The aid must be limited to the extra environmental costs, comply with applicable 

maximum aid intensities and be subject to tendering. Similarly, under certain conditions, in 

particular, when competitive bidding takes place, operating aid would be possible to partially 

compensate steel producers for the additional costs caused by the generation of renewable 

energy or energy sources, such as renewable/green hydrogen. However, the support is limited 

to the difference between the costs for producing/purchasing grey energy and the costs for 

producing/purchasing green energy. 
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The Commission has recently adopted a State aid decision that approves aid via Carbon 

Contracts for Difference (CCfD) for renewable energy production, low carbon hydrogen 

production, low carbon electric boilers, CCS and waste heat recovery.
32

 Cross-sectoral 

competitive bidding processes were required to select beneficiaries of the support.  Aid is 

linked to CO2 emission reductions, taking into account also the indirect emissions of 

electricity. 

IPCEI 

Important projects of common European interest (IPCEIs) are typically ambitious cross-

border research and innovation projects or infrastructure projects with a European dimension 

entailing significant risks and generating significant spillover effects across the EU that would 

not be carried out without significant pooling of public and private resources and investments 

and cooperation between Member States.  

Steel producers, like other project owners, could receive aid for ambitious research and 

development and aid for first industrial deployment provided their project generates important 

spillovers. Both investment aid and operating aid are allowed, but only for the duration of the 

research or development phase and during the first industrial deployment; long-term operating 

aid is not possible. Therefore, the IPCEI rules exclude both investment and operating aid for 

the commercial mass production phase of such projects. 

A project that is part of an integrated IPCEI needs to demonstrate that it is necessary to reach 

the objective of the IPCEI and complementarity to the other projects. Research and first 

industrial deployment projects must in addition demonstrate that they deliver innovations 

going beyond the state of the art, while infrastructure projects need to be of major importance, 

either for the environment, for energy or for the Union’s transport strategy. Environmental, 

energy or transport facilities and infrastructure that are not accessible to third parties on non-

discriminatory terms do not count as generating the necessary significant spillovers across the 

EU.  

Where an undertaking receives aid as part of an important project of common European 

interest, it is required, inter alia, to demonstrate positive spillover effects beyond the 

beneficiary undertaking or the economic sector or the Member State concerned. Similarly, 

distortions of competition caused by the aid must be limited as far as possible and in this case 

additional spillovers must outweigh possible distortions. Demonstrating these two criteria 

could be more challenging for application projects than for open infrastructure projects. In 

addition, the IPCEI must respect the principle of phasing out environmentally harmful 

subsidies. 

Relevant Industrial Alliances could also be an opportunity to identify relevant gaps and types 

of projects that can address them, possibly in view of forming IPCEIs). Steel stakeholders are 

actively engaged in the European Raw Materials Alliance and in the Clean Hydrogen 

Alliance. They are also involved in the work by 22 Member States to prepare an IPCEI on 

hydrogen
33

 and interested in a possible IPCEI for low-carbon industry, building on the work 

of the Strategic Forum for Important Projects of Common European Interest.
34

 

The EEAG, IPCEI and RDI State aid rules are currently undergoing a revision process. 

                                                 
32 Commission Decision C(2020) 8773 final regarding State Aid case SA.53525 (2020/N) – The Netherlands SDE++ scheme 

for greenhouse gas reduction projects including renewable energy. 

https://ec.europa.eu/commission/presscorner/detail/en/ip_20_2410  
33 https://www.bmwi.de/Redaktion/DE/Downloads/M-O/manifesto-for-development-of-european-hydrogen-technologies-

systems-value-chain.pdf?__blob=publicationFile&v=8 
34 Strengthening Strategic Value Chains for a future-ready EU Industry - report of the Strategic Forum for Important Projects 

of Common European Interest, https://ec.europa.eu/docsroom/documents/37824 
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 Supportive regulatory environment   4.2

4.2.1 EU Emissions Trading System   

The EU ETS has proven to be an effective tool in reducing greenhouse gas emissions and it 

will play a key role in achieving the increased 2030 climate ambition. In line with the 

European Green Deal, the Commission will present its proposal for a review of the EU ETS in 

June 2021. 

The increased 2030 climate ambition will require a strengthening of the emissions cap of the 

ETS. This could be achieved either through a change in the linear reduction factor which 

determines the rate of annual reductions in the cap, through a one-off reduction of the cap 

(rebasing), or through a combination of both. The Commission is assessing which option for 

strengthening the cap would be most opportune, also in the context of the review of the 

functioning of the Market Stability Reserve. 

The ETS has an effective carbon leakage protection framework
35

 and the Commission aims to 

ensure this will remain the case in the future. The possible impact of a strengthened cap on the 

availability of free allocation for industry and risks of carbon leakage is also being assessed.  

4.2.2 Affordable, accessible and abundant decarbonised energy  

Steel is an energy intensive sector with relevant energy costs shares in its production costs: 

7.7% on average for the aggregate sector between 2010-2017,
36

 but this share can reach up to 

20% 
37

 for certain steelmaking processes, such as the electric-arc furnace secondary steel. 

Coal currently plays an important role in the sector, not only covering energy needs but also 

providing a key chemical function in the process, but it is next in line to be phased out and 

must be replaced by decarbonised energy sources, or be combined with carbon capture 

technologies. All low-carbon production pathways for steel rely on the intensive use of 

electricity – either directly, as in EAF steel recycling and electricity-consuming CCUS 

equipment, or indirectly through the use of green hydrogen. The steel industry estimates that 

it will require about 165 TWh of electricity and 5.5 million tonnes of hydrogen annually by 

2050 to make the total current volume of primary steel using hydrogen, resulting in a total 

electricity demand of 400 TWh – four times what the sector currently consumes.
38

  

Given the vastly increasing demand for electricity in all sectors of the economy (electric 

vehicles, heat pumps, electrolysers, etc.),
39

 the expansion of renewables and their integration 

into the energy system
40

 – through expansion and upgrading of grids and through instalment 

of massive energy storage capacity to accommodate supply variability – will have to keep 

pace. For hydrogen, new infrastructures will have to be built, complementing the existing gas 

grid, and the cost of electrolysers will have to come down through technological development. 

This will require more ambitious commitments and investments from Member States and an 

infrastructure planning framework that takes into account the changing needs of energy-

intensive industries.  

                                                 
35 Ex-post studies have not found substantial levels of carbon leakage from existing mechanisms like the EU ETS, although 

other studies argue that carbon leakage has not happened precisely because of the free allocation of allowances. 

 https://www.eca.europa.eu/Lists/ECADocuments/SR20_18/SR_EU-ETS_EN.pdf  
36 Report on energy prices and costs in Europe, SWD/2020/951 final, Table 13. https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=SWD:2020:951:FIN  
37 Production costs from the iron and steel industry in the EU and third countries, JRC121276 available at     

https://publications.jrc.ec.europa.eu/repository/handle/JRC121276 
38 2019 EU27 electricity consumption of the steel sector in Eurostat is 110 TWh. 
39 Total electricity demand in the EU projected to more than double by 2050, cf. Impact Assessment accompanying the 2030 

Climate Target Plan, SWD(2020) 176 final, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020SC0176  
40 Cf. EU Strategy for Energy System Integration, COM(2020) 299, https://eur-lex.europa.eu/legal-

content/EN/ALL/?uri=COM:2020:299:FIN  
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Especially challenging is that, absent challenging relocations of entire industrial clusters, 

industrial electricity demand will increase in places where these clusters are currently located 

and not necessarily where renewable energy sources are abundant. This could create 

increasing geographical imbalances, which would have to be addressed through long-range 

electricity transmission or hydrogen transport, including possible import from other 

renewables-rich regions (such as North Africa). The Commission’s proposal for a revised 

TEN-E Regulation, adopted on 15 December 2020,
41

 would adapt the EU framework for 

cross-border projects to better integrate renewables, CCS and hydrogen infrastructure; it also 

proposes to simplify and accelerate permitting and authorisation procedures. 

Figure 6: Regional assessment of renewable energy potential and future electricity 

consumption
42

  

 

Source: Kakoulaki et al. (2021): Green hydrogen in Europe – A regional assessment: 

Substituting existing production with electrolysis powered by renewables  

                                                 
41 COM(2020) 824 final, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020PC0824 
42 Renewable energy potential based on JRC ENSPRESO data; future electricity consumption based on current electricity 

consumption plus electricity requirements to move from fossil fuel-based to green hydrogen 
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As the electricity price becomes an increasingly dominant factor in the cost of steel and other 

basic materials produced by the energy-intensive industries, reducing the cost of producing, 

storing and transmitting (renewable) power is of prime importance. The regulatory framework 

in relation to electricity markets, network charges and taxation will remain key to ensure 

competitively priced electricity and support the electrification and decarbonisation of the 

industry and to maintain its international competitiveness.  

Electricity prices may display a higher short-run volatility as a result of the increasing shares 

of intermittent renewables and a slow uptake of flexible demand and energy storage. This 

could be challenging for some industrial consumers, but offer opportunities for others. 

Electro-intensive industries that can adjust their production flexibly (such as aluminium 

smelters) already today offer “interruptible load” to grid operators, meaning that part of their 

electricity load can be cut off at short notice to stabilise the grid, for which they receive 

substantial compensation. In the future, as regular patterns of electricity prices emerge (e.g. a 

daily trough around midday, when solar generation is strongest), more industries, such as the 

steel industry, could adapt their production cycles to both provide grid balancing services and 

benefit from lower electricity prices. 

4.2.3 Carbon Border Adjustment Mechanism 

The Commission is currently carrying out an impact assessment on a Carbon Border 

Adjustment Mechanism (CBAM), which is set to be proposed by summer 2021. It will assess 

different design options against the objectives of the mechanism, which is to avoid carbon 

leakage, and its economic, environmental and social impacts. Additional criteria include the 

administrative and compliance costs, the feasibility and legal aspects of the mechanism. 

CBAM will be compliant with World Trade Organization rules and other international 

obligations of the EU.  

CBAM is essentially an environmental measure to enable the EU’s increased climate 

ambition by reducing carbon leakage risks. CBAM will ensure that the price of import reflect 

their carbon emissions.  

Steel is one of the sectors included in the possible initial shortlist of CBAM sectors. The 

choice of sectors will take account of multiple criteria, balancing coverage in terms of 

greenhouse gas emissions while limiting complexity and administrative effort. Criteria under 

discussion include whether the sector is a significant emitter of greenhouse gas emissions and 

the sector’s exposure to a significant risk of carbon leakage, based on trade intensity as well 

as carbon intensity, as defined pursuant to the EU ETS Directive.
43

  

The impact assessment will take account of the results of the public consultation open to all 

stakeholders. The responses received indicate that the steel sector should be included in the 

sectoral coverage of the CBAM.
44

  

 

4.2.4 Standardisation   

Standardisation will be important to create markets for clean technologies. While normal-

performing companies focus on making quality products, more advanced companies also seek 

to maximise the setting of patents for innovation. The best companies go one step further and 

                                                 
43 Directive (EU) 2018/410 of the European Parliament and of the Council of 14 March 2018 amending Directive 

2003/87/EC to enhance cost-effective emission reductions and low-carbon investments, and Decision (EU) 2015/1814, OJ L 

76, 19.3.2018, p. 3–37.  
44 Summary Report: Public consultation on the Carbon Border Adjustment Mechanism, p.4. Ref. Ares(2021)70541 - 

05/01/2021 https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12228-EU-Green-Deal-carbon-border-

adjustment-mechanism-/public-consultation 
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seek to set the standards that the whole world will follow. The EU has traditionally been at the 

forefront of standard-setting and is now freshly aware how strategically important standard-

setting has become for the green and digital transition.  

At the request of the Commission
45

, the European standardisation bodies developed a generic 

standard to encourage performance improvements in industrial installations. It includes EN 

19694-2 for steel, which sets out the CO2 accounting rules and metrics to assess the emission 

performance of steel production facilities.  

The EN 19694-2 standard enables application of a life cycle approach, with the potential to 

provide accurate signals to producers and investors alike on the sustainability performance 

along the entire steel value chain, including all inter-connected steelmaking processes. 

4.2.5  Industrial Emissions Directive 

Steel production brings a number of environmental impacts including air emissions (CO, 

SOx, NOx, dust), emissions to water, hazardous wastes, and solid wastes. In 2017, 222 iron 

and steel installations were operating under the Industrial Emission Directive (IED) permit.
46

 

The Commission regulates emissions falling under the IED through Commission 

Implementing Decisions establishing Best Available Techniques (BAT) conclusion for Iron 

and Steel Production and Ferrous Metal Processing. The Technical Working Group 

established under the so-called Sevilla Process (involving Member States, environmental 

NGOs and industry), is presently reviewing the BAT Conclusions for Ferrous Metal 

Processing. EUROFER represents the steel industry there.  The Commission expects to adopt 

the revised BAT Conclusions in late 2021 or early 2022. 

Although regulating GHG emissions is not a primary objective of the Industrial Emissions 

Directive
47

 (IED), standards set by the Directive impose emissions prevention or reduction 

techniques to steel producers, which may affect also CO2 levels. The recent evaluation
48

 

concluded that the IED was effective in curbing pollution from industrial installations, 

especially to air, but that it was less effective on issues concerning decarbonisation, efficient 

use of energy and raw materials or waste management. The Commission is currently revising 

EU rules on industrial emissions
49

, recognising that the same new technologies will often 

allow reducing emissions of both pollutants and greenhouse gases. The revision will aim to 

accelerate the uptake of circular economy and the zero-pollution innovation, and the Industrial 

Emissions Innovation Observatory will play a key role, monitoring innovations and 

accelerating the identification of new techniques that may qualify as BAT. 

A first online stakeholder workshop took place on 15 December 2020. The Online Public 

Consultation and the Targeted Stakeholder Consultation ended in March 2021 and the results 

will feed into the impact assessment. 

Decarbonisation roadmaps for the sector show a high potential for future, innovative 

technologies, possibly leading to a step change in terms of GHG emissions by 2050. 

Generally, their deployment would have a positive direct impact on air emissions, particularly 

of NOx and SOx.  

4.2.6 Construction Products Regulation  

                                                 
45 6 Mandate M/478 - Standardisation mandate to CEN, CENELEC and ETSI for the development of EU technical standards 

in the field of greenhouse gas emissions   
46 Assessment and summary of Member States’ reports under Commission Implementing Decision 2018/1135/EU EU27 

horizontal analysis; Final report. 
47 Directive 2010/75/EU 
48 Wood (2021): Wider environmental impacts of industry decarbonisation, final study report 
49 Directive 2010/75/EU and Regulation (EC) No 166/2006  
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Construction, buildings and engineering works are a major customer of the steel industry as 

they use around 50% of all steel consumed in Europe. Structural steel products used in 

construction works must comply with the CPR provisions and are subject to harmonized 

European standards.  

 

The Commission is reviewing the CPR. This review is looking at developing environmental 

performance requirements for construction products with a view to finding a unified method 

to establish the environmental footprint of all construction products in line with horizontal 

principles set in the Sustainable Product Initiative. The Commission is developing this in 

consultation with industry and Member States. Structural steel products will be one of the first 

families of products analysed for these new harmonized technical specifications. The adoption 

of the revised CPR proposal is expected in late 2021 or early 2022. 

4.2.7 Sustainable Products Initiative  

The Circular Economy Action Plan announced that the Commission would come forward 

with a legislative proposal (the Sustainable Products Initiative, ‘SPI’) to increase product 

sustainability in the EU.  

The central focus of SPI will be to extend the scope of the Eco-design Directive, and 

eventually propose additional legislative and non-legislative measures to address objectives 

that could not be achieved through the revision of the Ecodesign legislation. 

The Circular Economy Action Plan identifies steel as one of the priority product/material 

groups with untapped potential for circularity, along with electronics, ICT, textiles, furniture, 

as well as other intermediate products such as cement and chemicals. Steel has great potential 

to contribute to a climate neutral EU since it is a naturally long-lasting and durable product, 

well adapted for recycling, reuse and remanufacture. 

The Commission is looking into how the SPI and sectoral legislation can support efforts to 

become more circular. In particular, having steel in scope of the SPI will steer the definition 

of agreed sectoral rules for the calculation and communication (via a digital product passport) 

of life cycle environmental footprint, other environmental characteristics like recyclability and 

recycled content, and social information/indicators for steel and steel-based products. This 

may lead to the definition of classes of environmental performance, and to measures to 

promote the uptake of low-carbon and sustainable steel in the EU market(s), including 

through minimum sustainability requirements in public procurement.  

4.2.8 Public Procurement  

Public procurement accounts for a large proportion of European consumption (nearly 15% of 

EU GDP), especially in sectors like construction, energy and telecommunications.  

Green public procurement can help to create demand for clean products, like green steel, and 

green value chains. It is shifting towards a life-cycle costing approach, including trade-offs 

between production and use-phase emissions.  There are substantial differences in the 

openness of public procurement markets worldwide, which is relevant for the steel sector. To 

combat the spread of discriminatory buy national practices, it is necessary to promote 

openness and reciprocity in global procurement. In 2016, the Commission revised its 

legislative proposal for an International Procurement Instrument (IPI). It aims to open third 

countries’ markets by creating leverage in negotiations on procurement. It involves the 

investigation of measures impairing the access of EU companies to third country procurement 

markets and consultation to remove such barriers. If consultations are unsuccessful, IPI could 

lead to the adoption of restrictive measures on relevant third country operators, goods and 

services in EU procurement procedures. In the 2019 EU-China Communication, the 

Commission called (under Action 6) for adoption of IPI. The European Council also called in 

1774  



 

23 

October 2020 for accelerating the work on IPI. A swift agreement on the proposed 

International Procurement Instrument will be essential to address lack of reciprocity and to 

give the EU further leverage in negotiations.  

 Global supply chains 4.3

4.3.1 Need for a global level playing field   

EU steel producers face challenges related to the absence of a level playing field with regard 

to subsidies, unwarranted trade tariffs and global overcapacity. Exports of the EU steel 

industry have declined by more than a quarter between 2017 and 2020, mainly due to 

protectionist measures adopted by its trading partners as well as to trade diversions resulting 

from those measures. The Covid-19 crisis has exacerbated this negative trend. 

On the import side, the EU’s trade defence instruments play an important role in restoring a 

level playing field on the EU market. Notably the steel industry has in the last years, in line 

with China’s rapidly growing steel capacity, seen an increase in imports of dumped and 

subsidised steel.   

The EU has countered this with resolute use of trade defence instruments to level the playing 

field. The EU steel industry benefits from a large number of anti-dumping and anti-subsidy 

measures. About one third of all TDI measures concern distorted and injurious imports of 

steel products, notably from China. Of the 55 trade defence measures in place on steel over 

half (28) concern imports of steel from China. Overall, the trade defence measures in place on 

steel protect 197.000 direct jobs, out of a total number of almost 445.000 direct industrial jobs 

shielded by TDIs across all sectors.  

TDI measures have proven to be highly effective: imposition results usually in substantial 

decrease or complete disappearance of unfair imports
50

. At the end of 2018, for cases opened 

as from 2015, the average decrease in injurious imports for steel products under measures was 

close to 90 %. At the same time, statistics show that in the chain of supply, unfair imports are 

usually replaced by EU production and/or imports that are not dumped or subsidised. Thus, 

AD and AS duties restore the level playing field (both for the EU producing industry and 

other third country suppliers), allowing EU users to continue enjoying diversified sources of 

supply.  

The EU has also increased its use of the anti-subsidy instrument to address new forms of 

harmful subsidisation. For instance, by countering different and new types of State support in 

China used to build up capacities abroad (so-called transnational subsidies, ‘Belt & Road’ 

initiative). After changes to the trade defence legislation in 2017 and 2018, the EU can impose 

measures faster and suspend the lesser duty rule in certain circumstances, possibly leading to 

higher measures. The revamped instruments also allow the EU to address certain 

environmental concerns, such as the level of environmental protection when selecting a 

representative country and adding the EU industry’s prospective cost of environmental 

regulation when assessing injury. 

The situation of the steel sector has been further disrupted by the US Section 232 measures, 

which saw the imposition in March 2018 of 25 % duties on imports of foreign steel. The US 

action made the EU market vulnerable to a potential trade diversion of steel products 

otherwise destined for the US market.  

                                                 
50 E.g. in the case of seamless pipes from China by 98%, of steel rebars from Belarus by 86%, of stainless steel tube fittings 

from China and Taiwan by 81%, of corrosion resistant steels from China by 100%, of heavy steel plate from China by 99%. 

At the end of 2018, for cases opened as from 2015, the average decrease in injurious imports for steel products under 

measures was close to 90%. 
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To prevent economic damage to the EU steel producers from the trade diversion, the 

Commission introduced provisional safeguard measures in July 2018 on imports of certain 

steel products and then definitive measures in February 2019 for a period of three years, i.e. 

until 30 June 2021. The safeguard measure has been effective. Imports went down from a 

peak of 33.4 million tonnes in 2018, to 28,8 million tonnes (-13,3%) in 2019, which was the 

first full year covered by the measure. In June 2020, the Commission further adjusted the 

functioning of the measure to ensure that it remained effective in a changing economic 

context, largely impacted by the COVID-19 pandemic.  

A safeguard measure is an extraordinary short-term measure to provide interim relief to a 

sector (in this case steel) in the form of protection against imports for a limited period, while 

other medium and longer term measures are designed and implemented to ensure its viability. 

The current safeguard measure takes the form of tariff-rate quotas on 26 categories of steel. 

The Commission is currently investigating, following a substantiated request from 12 

Member States, whether the measure should be prolonged beyond its current expiry date, 30 

June 2021  

4.3.2 International partnerships 

The Global Forum on Steel Excess Capacity (GFSEC), launched by the G20 in 2016, works 

to address the problem of global excess capacity by tackling distortive government policies 

and measures that contribute to it. The GFSEC has agreed a set of principles to address global 

overcapacity, including the issue of trade distorting state interventions. The next step is to 

ensure that all producing economies apply these agreed principles. 

The EU continues to be active in the GFSEC, to promote and further develop its principles, 

and to retain its relevance by reengaging China, which decided to leave the GFSEC in 2019. 

The OECD Steel Committee provides another valuable forum for addressing the global 

problems of the sector. 

The EU will also actively contribute to the G7’s work on resilience within the newly founded 

Economic Resilience Panel and promote industrial decarbonisation as a key area for closer 

cooperation among G7 countries. With the economic weight of this group, representing about 

half of the world’s GDP, there is a real chance to motivate a critical mass of companies to 

invest into low-carbon technologies in hard-to-abate sectors, through instruments such as 

carbon pricing, product standards and public procurement.  

The EU is also a member of Mission Innovation, a global initiative of 25 countries dedicated 

to achieving the objectives of the Paris climate agreement through clean energy innovation 

and doubling public investment in this area within 5 years.   

1776  



 

25 

 The social dimension and skills  5.

With 330,000 jobs in the steel industry itself and many more indirectly induced, steel is as 

much a social and employment factor as an economic one. Experiences of deindustrialisation 

due to automation and foreign competition still weigh on many communities and regions 

centred around classical manufacturing industries. To avoid a repetition of such experiences 

in light of the new mega-trends of decarbonisation and digitalisation, European companies 

have to be ahead of the curve and workers have to be equipped with the right skills while 

enjoying adequate working conditions. Given the challenging business environment in the 

steel sector, the Commission will keep a close eye on developments, use the instruments at its 

disposal, and support Member States in anticipating and easing transitions
51

with a view to 

minimising adverse social impacts. 

Social dialogue 

The steel sector has a long history of social dialogue at the European level. The Consultative 

Committee of the European Coal and Steel Community (ECSC), which existed between 1952 

and 2002, convened producers, workers, consumers and dealers in the coal and steel sectors. 

After its expiry, a Sectoral Social Dialogue Committee for Steel was founded. In this 

framework, the European trade union federation IndustriAll Europe and the European Steel 

Association Eurofer, work together to represent the workers and employers in the steel sector. 

The SSDC’s mission is to monitor the social, economic and employment consequences of EU 

policies on the steel sector and to represent the interests of social partners in the political 

process. For example, the SSDC has in recent years participated in the Commission’s 

consultations on steel safeguards and anti-dumping and anti-subsidy cases, contributed to the 

“Masterplan for a competitive transformation of EU energy-intensive industries”
52

 and started 

analytical work on the potential impact of “Industry 4.0” on employment and skills in the 

steel sector.
53

 As regards restructuring strategies, the importance of coupling them with strong 

re- and upskilling policies can be recalled. Considerable amounts of EU funding are available 

to address the adverse effect of the social impact of restructuring, with the main Union 

instrument being the European Social Fund (ESF). 

Social dialogue would be key in transitioning towards clean and competitive European steel, 

to map-out the new skills needed by companies in the sector and support workers in acquiring 

them. 

Skills 

The Commission has put a “Pact for Skills” high on its European Skills Agenda.
54

 The 

Agenda and its Pact for Skills respond to the first principle of the European Pillar of Social 

Rights and are anchored in the New Industrial Strategy. The Pact aims to mobilise public and 

private organisations to join forces so that they can take effective upskilling and reskilling 

actions for people of working age.  

Steel companies, workers, national, regional and local authorities, social partners, industry 

organisations, vocational education and training providers, chambers of commerce and 

employment services should all play a key role in the Pact for Skills. Only by joining forces, 

making concrete commitments to invest in training for the workforce and building on the 

                                                 
51

 with targeted policies and effective measures such as those set out in the Commission Recommendation on an 

effective active support to employment following the COVID-19 crisis (EASE) 
52 https://op.europa.eu/en/publication-detail/-/publication/be308ba7-14da-11ea-8c1f-01aa75ed71a1  
53 https://news.industriall-

europe.eu/content/documents/upload/2020/9/637350989319666309_Steel%20social%20partner%20work%20programme%2

02020_21.pdf  
54 COM/2020/274 final, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0274  
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results of the ongoing Blueprint Skills Alliances,
55

 can substantial progress be made towards 

meeting the industry’s skills needs. To make sure that the Pact takes shape with the relevant 

partners, the Commission has begun a series of high-level discussions with representatives of 

industrial ecosystems, regional and national authorities, social partners and education and 

training providers. 

Under the Digital Europe Programme, the Commission is supporting the reskilling and 

upskilling of workers through short-term courses in advanced digital skills. Furthermore, the 

SME strategy supports the ‘digital volunteers’ programme to promote the transfer of expertise 

in digitalisation from high-tech businesses to more traditional SMEs. The Covid-19 crisis has 

accelerated structural labour market trends, including digitalisation. Policies supporting 

workers in the steel industry in acquiring these relevant skills would help to ensure a job-rich 

recovery. 

Regions in transition 

The transition to a climate-neutral economy will have a significant economic and employment 

impact on regions with important carbon-intensive industries. However, the distributional 

impact on vulnerable groups and regions stemming from transitional policies could be 

alleviated by solidarity mechanisms, revenue recycling and financial measures. 

The Just Transition Mechanism (JTM) seeks to leave no region behind in the context of the 

European Green Deal. It will mobilise up to EUR 100 billion in the next decade. As part of 

the JTM, the Just Transition Fund (JTF) will invest EUR 17.5 billion in the territories most 

negatively affected by the transition.    

In the 2020 European Semester Country Reports, the Commission proposed the steel sector as 

one of the priorities of JTF support in six Member States.
56

 The JTF can invest in economic 

diversification and reconversion, deployment of new technologies, upskilling and reskilling of 

workers, to overall support the decarbonisation of the industry.    

The JTF complements investments from the European Regional Development Fund and the 

European Social Fund Plus to support a smart economic transformation and a more inclusive 

economy.    

                                                 
55 Work on a skills Blueprint for the steel sector is ongoing: https://www.estep.eu/essa/essa-project/, 

https://skillspanorama.cedefop.europa.eu/en/useful_resources/blueprint-sectoral-cooperation-skills-steel  
56 Belgium (Hainaut), France (Bouches-du-Rhône, Nord), Italy (Taranto), Luxemburg (Esch-sur-Alzette), Slovakia (Košice) 

and Sweden (Upper Norrland) 
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 Conclusion  6.

The steel sector shows that this important part of the EU industrial landscape must transform 

itself in order to stay competitive, create quality jobs and a first mover advantage in terms of 

technological transformation. Many EU policies already support the transformation of the 

steel sector, other energy-intensive industries and manufacturing industry more generally. 

Other policies and EU funding are on their way, but may take time to become fully 

operational.  

The EU steel sector faces a challenging period as it recovers from the economic impact of 

COVID-19, while confronting internal and external challenges. It will be important to ensure 

that this critical sector for so many parts of the EU economy remains strong and able to invest 

in transforming itself to become climate-neutral and circular, in line with the ambitions of the 

EU Industrial Strategy.   
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Foreword 3

Foreword 

We are approaching a decisive moment for international efforts to tackle the climate crisis – 

a great challenge of our times. The number of countries that have pledged to reach net‐zero 

emissions by mid‐century or soon after continues to grow, but so do global greenhouse gas 

emissions. This gap between rhetoric and action needs to close if we are to have a fighting 

chance of reaching net zero by 2050 and limiting the rise in global temperatures to 1.5 °C.  

Doing so requires nothing short of a total transformation of the energy systems that underpin 

our economies. We are in a critical year at the start of a critical decade for these efforts. The 

26th Conference of  the Parties  (COP26) of  the United Nations Framework Convention on 

Climate Change in November is the focal point for strengthening global ambitions and action 

on climate by building on the foundations of the 2015 Paris Agreement. The International 

Energy  Agency  (IEA)  has  been  working  hard  to  support  the  UK  government’s  COP26 

Presidency to help make it the success the world needs. I was delighted to co‐host the IEA‐

COP26 Net Zero Summit with COP26 President Alok Sharma in March, where top energy and 

climate leaders from more than 40 countries highlighted the global momentum behind clean 

energy transitions. 

The discussions  at  that  event  fed  into  this  special  report,  notably  through  the  Seven Key 

Principles for Implementing Net Zero that the IEA presented at the Summit, which have been 

backed by 22 of our member governments  to date. This  report maps out how the global 

energy sector can reach net zero by 2050. I believe the report – Net Zero by 2050: A roadmap 

for the global energy system – is one of the most important and challenging undertakings in 

the IEA’s history. The Roadmap is the culmination of the IEA’s pioneering work on energy 

data modelling, combining for the first time the complex models of our two flagship series, 

the World Energy Outlook and Energy Technology Perspectives. It will guide the IEA’s work 

and will be an integral part of both those series going forward. 

Despite the current gap between rhetoric and reality on emissions, our Roadmap shows that 

there are still pathways to reach net zero by 2050. The one on which we focus is – in our 

analysis – the most technically feasible, cost‐effective and socially acceptable. Even so, that 

pathway  remains  narrow  and  extremely  challenging,  requiring  all  stakeholders  – 

governments, businesses,  investors and citizens –  to  take action  this year and every year 

after so that the goal does not slip out of reach. 

This  report  sets  out  clear milestones  – more  than  400  in  total,  spanning  all  sectors  and 

technologies – for what needs to happen, and when, to transform the global economy from 

one dominated by  fossil  fuels  into one powered predominantly by  renewable energy  like 

solar and wind. Our pathway requires vast amounts of investment, innovation, skilful policy 

design and  implementation,  technology deployment,  infrastructure building,  international 

co‐operation and efforts across many other areas. 

Since the IEA’s founding in 1974, one of its core missions has been to promote secure and 

affordable energy supplies to foster economic growth. This has remained a key concern of 

our Roadmap, drawing on special analysis carried out with the International Monetary Fund 

and  the  International  Institute  for Applied  Systems Analysis.  It  shows  that  the  enormous 
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challenge of transforming our energy systems is also a huge opportunity for our economies, 

with the potential to create millions of new jobs and boost economic growth.  

Another guiding principle of the Roadmap is that clean energy transitions must be fair and 

inclusive, leaving nobody behind. We have to ensure that developing economies receive the 

financing and technological know‐how they need to continue building their energy systems 

to meet the needs of their expanding populations and economies in a sustainable way. It is 

a moral imperative to bring electricity to the hundreds of millions of people who currently 

are deprived of access to it, the majority in of them in Africa.  

The transition to net zero is for and about people. It is paramount to remain aware that not 

every worker  in  the  fossil  fuel  industry can ease  into a clean energy  job,  so governments  

need to promote  training and devote resources  to  facilitating new opportunities. Citizens 

must be active participants in the entire process, making them feel part of the transition and 

not  simply  subject  to  it.  These  themes  are  among  those  being  explored  by  the  Global 

Commission on People‐Centred Clean Energy Transitions, which I convened at the start of 

2021  to  examine  how  to  enable  citizens  to  benefit  from  the  opportunities  and  navigate  

the  disruptions  of  the  shift  to  a  clean  energy  economy.  Headed  by  Prime  Minister 

Mette Frederiksen  of  Denmark  and  composed  of  government  leaders,  ministers  and 

prominent thinkers, the Global Commission will make public its key recommendations ahead 

of COP26 in November. 

The pathway laid out in our Roadmap is global in scope, but each country will need to design 

its own strategy, taking into account its specific circumstances. There is no one‐size‐fits‐all 

approach  to  clean  energy  transitions.  Plans  need  to  reflect  countries’  differing  stages  of 

economic  development:  in  our  pathway,  advanced  economies  reach  net  zero  before 

developing economies do. As the world’s leading energy authority, the IEA stands ready to 

provide  governments  with  support  and  advice  as  they  design  and  implement  their  own 

roadmaps, and to encourage the international co‐operation across sectors that is so essential 

to reaching net zero by 2050. 

This landmark report would not have been possible without the extraordinary dedication of 

the IEA colleagues who have worked so tirelessly and rigorously on it. I would like to thank 

the  entire  team  under  the  outstanding  leadership  of  my  colleagues  Laura Cozzi  and 

Timur Gül. 

The  world  has  a  huge  challenge  ahead  of  it  to  move  net  zero  by  2050  from  a  narrow 

possibility  to  a  practical  reality.  Global  carbon  dioxide  emissions  are  already  rebounding 

sharply as economies recover from last year’s pandemic‐induced shock.  It  is past time for 

governments to act, and act decisively to accelerate the clean energy transformation.  

As this report shows, we at the IEA are fully committed to leading those efforts. 

Dr Fatih Birol 

Executive Director 

International Energy Agency 
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Summary for policy makers 

The  energy  sector  is  the  source  of  around  three‐quarters  of  greenhouse  gas  emissions 

today  and  holds  the  key  to  averting  the  worst  effects  of  climate  change,  perhaps  the 

greatest challenge humankind has faced. Reducing global carbon dioxide (CO2) emissions to 

net zero by 2050 is consistent with efforts to limit the long‐term increase in average global 

temperatures to 1.5 °C. This calls for nothing less than a complete transformation of how we 

produce, transport and consume energy. The growing political consensus on reaching net 

zero  is  cause  for  considerable optimism about  the progress  the world  can make, but  the 

changes required to reach net‐zero emissions globally by 2050 are poorly understood. A huge 

amount of work is needed to turn today’s impressive ambitions into reality, especially given 

the range of different situations among countries and their differing capacities to make the 

necessary changes. This special IEA report sets out a pathway for achieving this goal, resulting 

in a clean and resilient energy system that would bring major benefits for human prosperity 

and well‐being. 

The  global  pathway  to  net‐zero  emissions  by  2050  detailed  in  this  report  requires  all 

governments to significantly strengthen and then successfully implement their energy and 

climate  policies.  Commitments  made  to  date  fall  far  short  of  what  is  required  by  that 

pathway.  The  number  of  countries  that  have  pledged  to  achieve  net‐zero  emissions  has 

grown rapidly over the last year and now covers around 70% of global emissions of CO2. This 

is a huge step forward. However, most pledges are not yet underpinned by near‐term policies 

and measures. Moreover, even if successfully fulfilled, the pledges to date would still leave 

around 22 billion tonnes of CO2 emissions worldwide in 2050. The continuation of that trend 

would be consistent with a temperature rise in 2100 of around 2.1 °C. Global emissions fell 

in 2020 because of  the Covid‐19  crisis but are already  rebounding  strongly as economies 

recover. Further delay in acting to reverse that trend will put net zero by 2050 out of reach. 

In this Summary for Policy Makers, we outline the essential conditions for the global energy 

sector  to  reach net‐zero CO2 emissions by 2050.  The pathway described  in depth  in  this 

report achieves this objective with no offsets from outside the energy sector, and with low 

reliance on negative emissions technologies. It is designed to maximise technical feasibility, 

cost‐effectiveness  and  social  acceptance while  ensuring  continued  economic  growth  and 

secure energy supplies. We highlight the priority actions that are needed today to ensure the 

opportunity of net zero by 2050 – narrow but still achievable – is not lost. The report provides 

a  global  view,  but  countries  do  not  start  in  the  same  place  or  finish  at  the  same  time: 

advanced  economies  have  to  reach  net  zero  before  emerging  markets  and  developing 

economies, and assist others in getting there. We also recognise that the route mapped out 

here is a path, not necessarily the path, and so we examine some key uncertainties, notably 

concerning the roles played by bioenergy, carbon capture and behavioural changes. Getting 

to net zero will involve countless decisions by people across the world, but our primary aim 

is to inform the decisions made by policy makers, who have the greatest scope to move the 

world closer to its climate goals. 
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Net zero by 2050 hinges on an unprecedented clean technology push to 2030 

The path to net‐zero emissions is narrow: staying on it requires immediate and massive 

deployment  of  all  available  clean  and  efficient  energy  technologies.  In  the  net‐zero 

emissions pathway presented in this report, the world economy in 2030 is some 40% larger 

than today but uses 7% less energy. A major worldwide push to increase energy efficiency is 

an  essential  part  of  these  efforts,  resulting  in  the  annual  rate  of  energy  intensity 

improvements averaging 4% to 2030 – about three‐times the average rate achieved over the 

last two decades. Emissions reductions from the energy sector are not limited to CO2: in our 

pathway, methane emissions from fossil fuel supply fall by 75% over the next ten years as a 

result  of  a  global,  concerted  effort  to  deploy  all  available  abatement  measures  and 

technologies. 

Ever‐cheaper renewable energy technologies give electricity the edge in the race to zero. 

Our pathway calls for scaling up solar and wind rapidly this decade, reaching annual additions 

of 630 gigawatts (GW) of solar photovoltaics (PV) and 390 GW of wind by 2030, four‐times 

the record levels set in 2020. For solar PV, this is equivalent to installing the world’s current 

largest solar park roughly every day. Hydropower and nuclear,  the two  largest sources of 

low‐carbon  electricity  today,  provide  an  essential  foundation  for  transitions.  As  the 

electricity sector becomes cleaner, electrification emerges as a crucial economy‐wide tool 

for reducing emissions. Electric vehicles (EVs) go from around 5% of global car sales to more 

than 60% by 2030. 

Make the 2020s the decade of massive clean energy expansion 

All the technologies needed to achieve the necessary deep cuts in global emissions by 

2030 already exist, and the policies that can drive their deployment are already proven. 

As  the  world  continues  to  grapple  with  the  impacts  of  the  Covid‐19  pandemic,  it  is 

essential  that  the  resulting  wave  of  investment  and  spending  to  support  economic 

recovery is aligned with the net zero pathway. Policies should be strengthened to speed 

the deployment of clean and efficient energy technologies. Mandates and standards are 

vital  to  drive  consumer  spending  and  industry  investment  into  the  most  efficient 

technologies. Targets and competitive auctions can enable wind and solar to accelerate 

the electricity sector transition. Fossil fuel subsidy phase‐outs, carbon pricing and other 

market  reforms  can  ensure  appropriate  price  signals.  Policies  should  limit  or  provide 

disincentives for the use of certain fuels and technologies, such as unabated coal‐fired 

power  stations,  gas  boilers  and  conventional  internal  combustion  engine  vehicles. 

Governments  must  lead  the  planning  and  incentivising  of  the  massive  infrastructure 

investment, including in smart transmission and distribution grids. 
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Key clean technologies ramp up by 2030 in the net zero pathway 

Note: MJ = megajoules; GDP = gross domestic product in purchasing power parity. 

Net zero by 2050 requires huge leaps in clean energy innovation 

Reaching net zero by 2050 requires further rapid deployment of available technologies as 

well as widespread use of technologies that are not on the market yet. Major innovation 

efforts must occur over this decade in order to bring these new technologies to market in 

time. Most of the global reductions in CO2 emissions through 2030 in our pathway come from 

technologies  readily  available  today.  But  in  2050,  almost  half  the  reductions  come  from 

technologies that are currently at the demonstration or prototype phase. In heavy industry 

and long‐distance transport, the share of emissions reductions from technologies that are 

still under development today is even higher. 

The biggest innovation opportunities concern advanced batteries, hydrogen electrolysers, 

and  direct  air  capture  and  storage.  Together,  these  three  technology  areas  make  vital 

contributions  the  reductions  in  CO2  emissions  between  2030  and  2050  in  our  pathway. 

Innovation over the next ten years – not only through research and development (R&D) and 

demonstration but also through deployment – needs to be accompanied by the large‐scale 

construction of the infrastructure the technologies will need. This includes new pipelines to 

transport captured CO2 emissions and systems to move hydrogen around and between ports 

and industrial zones. 
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Prepare for the next phase of the transition by boosting innovation 

Clean  energy  innovation  must  accelerate  rapidly,  with  governments  putting  R&D, 

demonstration and deployment at the core of energy and climate policy. 

Government R&D spending needs to be increased and reprioritised. Critical areas such as 

electrification, hydrogen, bioenergy and carbon capture, utilisation and storage (CCUS) 

today  receive  only  around  one‐third  of  the  level  of  public  R&D  funding  of  the more 

established  low‐carbon  electricity  generation  and  energy  efficiency  technologies. 

Support is also needed to accelerate the roll‐out of demonstration projects, to leverage 

private investment in R&D, and to boost overall deployment levels to help reduce costs. 

Around USD 90 billion of public money needs to be mobilised globally as soon as possible 

to complete a portfolio of demonstration projects before 2030. Currently, only roughly 

USD 25 billion is budgeted for that period. Developing and deploying these technologies 

would  create  major  new  industries,  as  well  as  commercial  and  employment 

opportunities. 

Annual CO2 emissions savings in the net zero pathway, relative to 2020 

  

20% 40% 60% 80% 100%

2030

2050

Behaviour changes Technologies in the market Technologies under development
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The transition to net zero is for and about people 

A transition of the scale and speed described by the net zero pathway cannot be achieved 

without sustained support and participation from citizens. The changes will affect multiple 

aspects of people’s lives – from transport, heating and cooking to urban planning and jobs. 

We estimate that around 55% of the cumulative emissions reductions  in the pathway are 

linked  to  consumer  choices  such  as  purchasing  an  EV,  retrofitting  a  house  with  energy‐

efficient  technologies  or  installing  a  heat  pump.  Behavioural  changes,  particularly  in 

advanced economies – such as replacing car trips with walking, cycling or public transport, 

or  foregoing  a  long‐haul  flight  –  also  provide  around  4%  of  the  cumulative  emissions 

reductions. 

Providing electricity to around 785 million people that have no access and clean cooking 

solutions to 2.6 billion people that lack those options is an integral part of our pathway. 

Emissions reductions have to go hand‐in‐hand with efforts to ensure energy access for all by 

2030. This costs around USD 40 billion a year, equal to around 1% of average annual energy 

sector investment, while also bringing major co‐benefits from reduced indoor air pollution. 

Some of the changes brought by the clean energy transformation may be challenging to 

implement, so decisions must be transparent, just and cost‐effective. Governments need 

to ensure that clean energy transitions are people‐centred and inclusive. Household energy 

expenditure as a share of disposable  income –  including purchases of efficient appliances 

and fuel bills – rises modestly in emerging market and developing economies in our net zero 

pathway  as more  people  gain  access  to  energy  and  demand  for modern  energy  services 

increases  rapidly.  Ensuring  the  affordability  of  energy  for  households  demands  close 

attention: policy tools that can direct support to the poorest include tax credits, loans and 

targeted subsidies. 

Clean energy jobs will grow strongly but must be spread widely 

Energy  transitions  have  to  take  account  of  the  social  and  economic  impacts  on 

individuals and communities, and treat people as active participants. 

The  transition  to net  zero brings  substantial  new opportunities  for employment, with 

14 million jobs created by 2030 in our pathway thanks to new activities and investment 

in clean energy. Spending on more efficient appliances, electric and fuel cell vehicles, and 

building  retrofits  and energy‐efficient  construction would  require  a  further 16 million 

workers. But these opportunities are often  in different  locations, skill sets and sectors 

than the jobs that will be lost as fossil fuels decline. In our pathway, around 5 million jobs 

are lost. Most of those jobs are located close to fossil fuel resources, and many are well 

paid, meaning structural changes can cause shocks for communities with  impacts that 

persist  over  time.  This  requires  careful  policy  attention  to  address  the  employment 
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losses. It will be vital to minimise hardships associated with these disruptions, such as by 

retraining workers, locating new clean energy facilities in heavily affected areas wherever 

possible, and providing regional aid. 

Global employment in energy supply in the net zero pathway, 2019-2030 

  

An energy sector dominated by renewables 

In the net zero pathway, global energy demand in 2050 is around 8% smaller than today, 

but  it  serves an economy more  than  twice as big and a population with 2 billion more 

people. More efficient use of energy, resource efficiency and behavioural changes combine 

to offset increases in demand for energy services as the world economy grows and access to 

energy is extended to all. 

Instead of fossil fuels, the energy sector is based largely on renewable energy. Two‐thirds 

of total energy supply in 2050 is from wind, solar, bioenergy, geothermal and hydro energy. 

Solar  becomes  the  largest  source,  accounting  for  one‐fifth  of  energy  supplies.  Solar  PV 

capacity increases 20‐fold between now and 2050, and wind power 11‐fold. 

Net zero means a huge decline in the use of fossil fuels. They fall from almost four‐fifths of 

total energy supply today to slightly over one‐fifth by 2050. Fossil fuels that remain in 2050 

are used in goods where the carbon is embodied in the product such as plastics, in facilities 

fitted with CCUS, and in sectors where low‐emissions technology options are scarce. 

Electricity accounts for almost 50% of total energy consumption in 2050. It plays a key role 

across all sectors – from transport and buildings to industry – and is essential to produce low‐

emissions fuels such as hydrogen. To achieve this, total electricity generation increases over 
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two‐and‐a‐half‐times between today and 2050. At the same time, no additional new final 

investment decisions should be taken for new unabated coal plants, the least efficient coal 

plants  are  phased  out  by  2030,  and  the  remaining  coal  plants  still  in  use  by  2040  are 

retrofitted. By 2050, almost 90% of electricity generation comes from renewable sources, 

with wind and solar PV together accounting for nearly 70%. Most of the remainder comes 

from nuclear. 

Emissions from industry, transport and buildings take longer to reduce. Cutting industry 

emissions by 95% by 2050 involves major efforts to build new infrastructure. After rapid 

innovation progress through R&D, demonstration and initial deployment between now and 

2030 to bring new clean technologies to market, the world then has to put them into action. 

Every month from 2030 onwards, ten heavy industrial plants are equipped with CCUS, three 

new hydrogen‐based industrial plants are built, and 2 GW of electrolyser capacity are added 

at industrial sites. Policies that end sales of new internal combustion engine cars by 2035 and 

boost electrification underpin the massive reduction in transport emissions. In 2050, cars on 

the road worldwide run on electricity or fuel cells. Low‐emissions fuels are essential where 

energy needs cannot easily or economically be met by electricity. For example, aviation relies 

largely on biofuels and synthetic fuels, and ammonia is vital for shipping. In buildings, bans 

on new fossil fuel boilers need to start being introduced globally in 2025, driving up sales of 

electric heat pumps. Most old buildings and all new ones comply with  zero‐carbon‐ready 

building energy codes.1 

Set near-term milestones to get on track for long-term targets 

Governments need to provide credible step‐by‐step plans to reach their net zero goals, 

building confidence among investors, industry, citizens and other countries. 

Governments must put  in place  long‐term policy  frameworks  to allow all  branches of 

government  and  stakeholders  to  plan  for  change  and  facilitate  an  orderly  transition. 

Long‐term national low‐emissions strategies, called for by the Paris Agreement, can set 

out a vision for national transitions, as this report has done on a global level. These long‐

term objectives need  to be  linked  to measurable  short‐term targets and policies. Our 

pathway details more than 400 sectoral and technology milestones to guide the global 

journey to net zero by 2050. 

                                                                                                                                   
1 A zero‐carbon‐ready building is highly energy efficient and either uses renewable energy directly or uses an 

energy supply that will be fully decarbonised by 2050, such as electricity or district heat. 

P R I O R I T Y   A C T I O N

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1799  



20 International Energy Agency | Special Report

Key milestones in the pathway to net zero 
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There is no need for investment in new fossil fuel supply in our net zero 
pathway 

Beyond  projects  already  committed  as  of  2021,  there  are  no  new  oil  and  gas  fields  
approved for development in our pathway, and no new coal mines or mine extensions are 

required. The unwavering policy focus on climate change in the net zero pathway results in 

a  sharp  decline  in  fossil  fuel  demand,  meaning  that  the  focus  for  oil  and  gas  producers  
switches  entirely  to  output  –  and  emissions  reductions  –  from  the  operation  of  existing 
assets. Unabated coal demand declines by 98% to  just  less than 1% of total energy 

use  in 2050. Gas demand declines by 55% to 1 750 billion cubic metres and oil declines by 

75% to 24 million barrels per day (mb/d), from around 90 mb/d in 2020. 

Clean electricity generation, network infrastructure and end‐use sectors are key areas for 

increased  investment.  Enabling  infrastructure and  technologies are vital  for  transforming 

the energy system. Annual investment in transmission and distribution grids expands from 

USD 260 billion today to USD 820 billion in 2030. The number of public charging points for 

EVs rises from around 1 million today to 40 million in 2030, requiring annual investment of 

almost USD 90 billion in 2030. Annual battery production for EVs leaps from 160 gigawatt‐

hours (GWh) today to 6 600 GWh in 2030 – the equivalent of adding almost 20 gigafactories2 

each year for the next ten years. And the required roll‐out of hydrogen and CCUS after 2030 

means  laying  the  groundwork  now:  annual  investment  in  CO2  pipelines  and  hydrogen‐
enabling infrastructure increases from USD 1 billion today to around USD 40 billion in 2030. 

Drive a historic surge in clean energy investment 

Policies need to be designed to send market signals that unlock new business models 

and mobilise private spending, especially in emerging economies. 

Accelerated delivery of international public finance will be critical to energy transitions, 

especially in developing economies, but ultimately the private sector will need to finance 

most  of  the  extra  investment  required.  Mobilising  the  capital  for  large‐scale 

infrastructure  calls  for  closer  co‐operation  between  developers,  investors,  public 

financial  institutions and governments. Reducing risks for investors will be essential to 

ensure successful and affordable clean energy transitions. Many emerging market and 

developing economies, which rely mainly on public funding for new energy projects and 

industrial facilities, will need to reform their policy and regulatory frameworks to attract 

more private finance. International flows of long‐term capital to these economies will be 

needed  to  support  the  development  of  both  existing  and  emerging  clean  energy 

technologies. 

2 Battery gigafactory capacity assumption = 35 gigawatt‐hours per year. 

P R I O R I T Y   A C T I O N

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1801  



 

22 International Energy Agency | Special Report

 

Clean energy investment in the net zero pathway 

  

An unparalleled clean energy investment boom lifts global economic growth 

Total  annual  energy  investment  surges  to  USD  5  trillion  by  2030,  adding  an  extra 

0.4 percentage point a year to annual global GDP growth, based on our joint analysis with 

the  International Monetary  Fund.  This  unparalleled  increase  – with  investment  in  clean 

energy  and  energy  infrastructure more  than  tripling  already  by  2030  –  brings  significant 

economic benefits as the world emerges from the Covid‐19 crisis. The jump in private and 

government spending creates millions of jobs in clean energy, including energy efficiency, as 

well as in the engineering, manufacturing and construction industries. All of this puts global 

GDP 4% higher in 2030 than it would be based on current trends. 

Governments have a  key  role  in enabling  investment‐led growth and ensuring  that  the 

benefits are shared by all. There are large differences in macroeconomic impacts between 

regions.  But  government  investment  and  public  policies  are  essential  to  attract  large 

amounts of private capital and to help offset  the declines  in  fossil  fuel  income that many 

countries will experience. The major  innovation efforts needed to bring new clean energy 

technologies  to  market  could  boost  productivity  and  create  entirely  new  industries, 

providing opportunities to locate them in areas that see job losses in incumbent industries. 

Improvements in air quality provide major health benefits, with 2 million fewer premature 

deaths globally  from air pollution  in 2030  than  today  in our net  zero pathway. Achieving 

universal energy access by 2030 would provide a major boost to well‐being and productivity 

in developing economies. 
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New energy security concerns emerge, and old ones remain 

The contraction of oil and natural gas production will have far‐reaching implications for all 

the countries and companies that produce these fuels. No new oil and natural gas fields are 

needed in our pathway, and oil and natural gas supplies become increasingly concentrated 

in a small number of low‐cost producers. For oil, the OPEC share of a much‐reduced global 

oil supply increases from around 37% in recent years to 52% in 2050, a level higher than at 

any point in the history of oil markets. Yet annual per capita income from oil and natural gas 

in producer economies falls by about 75%, from USD 1 800 in recent years to USD 450 by the 

2030s, which could have knock‐on societal effects. Structural reforms and new sources of 

revenue are needed, even though these are unlikely to compensate fully for the drop in oil 

and gas income. While traditional supply activities decline, the expertise of the oil and natural 

gas industry fits well with technologies such as hydrogen, CCUS and offshore wind that are 

needed to tackle emissions in sectors where reductions are likely to be most challenging. 

The energy transition requires substantial quantities of critical minerals, and their supply 

emerges as a significant growth area. The total market size of critical minerals like copper, 

cobalt, manganese and various rare earth metals grows almost sevenfold between 2020 and 

2030 in the net zero pathway. Revenues from those minerals are larger than revenues from 

coal well before 2030. This creates substantial new opportunities for mining companies. It 

also creates new energy security concerns, including price volatility and additional costs for 

transitions, if supply cannot keep up with burgeoning demand. 

The  rapid  electrification  of  all  sectors  makes  electricity  even  more  central  to  energy 

security around the world than it is today. Electricity system flexibility – needed to balance 

wind and solar with evolving demand patterns – quadruples by 2050 even as retirements of 

fossil fuel capacity reduce conventional sources of flexibility. The transition calls for major 

increases  in  all  sources  of  flexibility:  batteries,  demand  response  and  low‐carbon  flexible 

power plants, supported by smarter and more digital electricity networks. The resilience of 

electricity systems to cyberattacks and other emerging threats needs to be enhanced. 

Address emerging energy security risks now 

Ensuring  uninterrupted  and  reliable  supplies  of  energy  and  critical  energy‐related 

commodities at affordable prices will only rise in importance on the way to net zero. 

The focus of energy security will evolve as reliance on renewable electricity grows and 

the  role  of  oil  and  gas  diminishes.  Potential  vulnerabilities  from  the  increasing 

importance  of  electricity  include  the  variability  of  supply  and  cybersecurity  risks. 

Governments need to create markets for  investment  in batteries, digital solutions and 

electricity  grids  that  reward  flexibility  and  enable  adequate  and  reliable  supplies  of 

electricity. The growing dependence on critical minerals required for key clean energy 

technologies  calls  for  new  international  mechanisms  to  ensure  both  the  timely 
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availability of supplies and sustainable production. At the same time, traditional energy 

security concerns will not disappear, as oil production will become more concentrated. 

Global energy security indicators in the net zero pathway 

Note: mb/d = million barrels per day; Mt = million tonnes. 

International co‐operation is pivotal for achieving net‐zero emissions by 2050 

Making  net‐zero  emissions  a  reality  hinges  on  a  singular,  unwavering  focus  from  all 

governments – working  together with one another,  and with businesses,  investors  and 

citizens. All  stakeholders need  to play  their part.  The wide‐ranging measures adopted by 

governments at all  levels in the net zero pathway help to frame, influence and incentivise 

the  purchase  by  consumers  and  investment  by  businesses.  This  includes  how  energy 

companies invest in new ways of producing and supplying energy services, how businesses 

invest in equipment, and how consumers cool and heat their homes, power their devices and 

travel. 

Underpinning all these changes are policy decisions made by governments. Devising cost‐

effective national and regional net zero roadmaps demands co‐operation among all parts of 

government that breaks down silos and integrates energy into every country’s policy making 

on finance, labour, taxation, transport and industry. Energy or environment ministries alone 

cannot carry out the policy actions needed to reach net zero by 2050. 

Changes in energy consumption result in a significant decline in fossil fuel tax revenues. In 

many countries  today,  taxes on diesel,  gasoline and other  fossil  fuel  consumption are an 

important source of public revenues, providing as much as 10% in some cases. In the net zero 

pathway, tax revenue from oil and gas retail sales falls by about 40% between 2020 and 2030. 

Managing this decline will require long‐term fiscal planning and budget reforms. 
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The  net  zero  pathway  relies  on  unprecedented  international  co‐operation  among 

governments, especially on  innovation and  investment. The  IEA stands  ready  to support 

governments in preparing national and regional net zero roadmaps, to provide guidance and 

assistance in implementing them, and to promote international co‐operation to accelerate 

the energy transition worldwide. 

Take international co-operation to new heights 

This is not simply a matter of all governments seeking to bring their national emissions 

to net zero – it means tackling global challenges through co‐ordinated actions. 

Governments must  work  together  in  an  effective  and mutually  beneficial  manner  to 

implement  coherent  measures  that  cross  borders.  This  includes  carefully  managing 

domestic job creation and local commercial advantages with the collective global need 

for  clean  energy  technology  deployment.  Accelerating  innovation,  developing 

international  standards  and  co‐ordinating  to  scale  up  clean  technologies  needs  to  be 

done in a way that links national markets. Co‐operation must recognise differences in the 

stages of development of different countries and the varying situations of different parts 

of society. For many rich countries, achieving net‐zero emissions will be more difficult 

and  costly  without  international  co‐operation.  For  many  developing  countries,  the 

pathway to net zero without international assistance is not clear. Technical and financial 

support is needed to ensure deployment of key technologies and infrastructure. Without 

greater international co‐operation, global CO2 emissions will not fall to net zero by 2050. 

Global energy-related CO2 emissions in the net zero pathway and  
Low International Co-operation Case 

Note: Gt = gigatonnes. 
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Chapter 1 

Announced net zero pledges and the energy sector 

 There has been a  rapid  increase over  the  last  year  in  the number of  governments 

pledging to reduce greenhouse gas emissions to net zero. Net zero pledges to date 

cover around 70% of global GDP and CO2 emissions. However, fewer than a quarter 

of  announced  net  zero  pledges  are  fixed  in  domestic  legislation  and  few  are  yet 

underpinned by specific measures or policies to deliver them in full and on time.  

 The Stated Policies Scenario (STEPS) takes account only of specific policies that are in 

place or have been announced by governments. Annual energy‐related and industrial 

process CO2 emissions rise from 34 Gt in 2020 to 36 Gt  in 2030 and remain around 

this level until 2050. If emissions continue on this trajectory, with similar changes in 

non‐energy‐related GHG emissions, this would lead to a temperature rise of around 

2.7 °C by 2100  (with a 50% probability). Renewables provide almost 55% of global 

electricity generation in 2050 (up from 29% in 2020), but clean energy transitions lag 

in other sectors. Global coal use falls by 15% between 2020 and 2050; oil use in 2050 

is 15% higher than in 2020; and natural gas use is almost 50% higher.   

 The Announced  Pledges  Case  (APC)  assumes  that  all  announced  national  net  zero 

pledges  are  achieved  in  full  and  on  time,  whether  or  not  they  are  currently 

underpinned  by  specific  policies.  Global  energy‐related  and  industrial  process  CO2 

emissions  fall  to  30 Gt  in  2030  and  22 Gt  in  2050.  Extending  this  trajectory,  with 

similar action on non‐energy‐related GHG emissions, would lead to a temperature rise 

in 2100 of around 2.1 °C (with a 50% probability). Global electricity generation nearly 

doubles  to  exceed  50 000 TWh  in  2050.  The  share  of  renewables  in  electricity 

generation rises to nearly 70% in 2050. Oil demand does not return to its 2019 peak 

and  falls  about  10%  from  2020  to  80 mb/d  in  2050.  Coal  use  drops  by  50%  to 

2 600 Mtce in 2050, while natural gas use expands by 10% to 4 350 bcm in 2025 and 

remains about that level to 2050. 

 Efficiency,  electrification  and  the  replacement  of  coal  by  low‐emissions  sources  in 

electricity  generation  play  a  central  role  in  achieving  net  zero  goals  in  the  APC, 

especially over the period to 2030. The relative contributions of nuclear, hydrogen, 

bioenergy and CCUS vary across countries, depending on their circumstances.  

 The divergence in trends between the APC and the STEPS shows the difference that 

current net zero pledges could make, while underlining at the same time the need for 

concrete policies and short‐term plans  that are consistent with  long‐term net zero 

pledges. However, the APC also starkly highlights that existing net zero pledges, even 

if  delivered  in  full,  fall  well  short  of  what  is  necessary  to  reach  global  net‐zero 

emissions by 2050. 
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1.1 Introduction 

November 2021 will see the most important UN Framework Convention on Climate Change 

(UNFCCC) Conference of the Parties (COP 26) since the Paris Agreement was signed in 2015. 

As COP 26 approaches, an increasing number of countries have announced long‐term goals 

to  achieve  net‐zero  greenhouse  gas  (GHG)  emissions  over  the  coming  decades.  On 

31 March 2021,  the  International  Energy Agency  (IEA)  hosted  a Net  Zero  Summit  to  take 

stock of the growing list of commitments from countries and companies to reach the goals 

of the Paris Agreement, and to focus on the actions necessary to start turning those net zero 

goals into reality. 

Achieving those goals will be demanding. The Covid‐19 pandemic delivered a major shock to 

the world economy, resulting in an unprecedented 5.8% decline in CO2 emissions in 2020. 

However, our monthly data show that global energy‐related CO2 emissions started to climb 

again in December 2020, and we estimate that they will rebound to around 33 gigatonnes of 

carbon dioxide (Gt CO2) in 2021, only 1.2% below the level in 2019 (IEA, 2021). Sustainable 

economic recovery packages offered a unique opportunity to make 2019 the definitive peak 

in global emissions, but the evidence so far points to a rebound in emissions in parallel with 

renewed economic growth, at least in the near term (IEA, 2020a). 

Recent  IEA  analyses  examined  the  technologies  and  policies  needed  for  countries  and 

regions  to  achieve  net‐zero  emissions  energy  systems.  The World  Energy  Outlook  2020 

examined what would be needed over the period to 2030 to put the world on a path towards 

net‐zero  emissions  by  2050  in  the  context  of  the  pandemic‐related  economic  recovery 

(IEA, 2020b). The Faster Innovation Case in Energy Technology Perspectives 2020 explored 

whether net‐zero emissions could be achieved globally by 2050 through accelerated energy 

technology development and deployment alone: it showed that, relative to baseline trends, 

almost  half  of  the  emissions  savings  needed  in  2050  to  reach net‐zero  emissions  rely  on 

technologies that are not yet commercially available (IEA, 2020c).  

This special report, prepared at the request of the UK President of the COP 26, incorporates 

the insights and lessons learned from both reports to create a comprehensive and detailed 

pathway,  or  roadmap,  to  achieve  net‐zero  energy‐related  and  industrial  process  CO2 

emissions globally by 2050. It assesses the costs of achieving this goal, the likely impacts on 

employment and the economy, and the wider implications for the world. It also highlights 

the key milestones for  technologies, infrastructure, investment and policy  that are needed 

along the road to 2050.  

This report is set out in four chapters: 

 Chapter  1  explores  the  outlook  for  global  CO2 emissions  and  energy  supply  and  use 

based on existing policies and pledges. It sets out projections of global energy use and 

emissions based on the Stated Policies Scenario (STEPS), which includes only the firm 

policies  that  are  in place or have been announced by  countries,  including Nationally 
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Determined  Contributions.  It  also  examines  the  Announced  Pledges  Case  (APC),  a 

variant of the STEPS that assumes that all of the net zero targets announced by countries 

around the world to date are met in full. 

 Chapter 2 presents  the Net‐Zero Emissions by 2050 Scenario  (NZE), which describes 

how energy demand and the energy mix will need to evolve if the world is to achieve 

net‐zero emissions by 2050. It also assesses the corresponding investment needs and 

explores key uncertainties surrounding technology and consumer behaviour. 

 Chapter 3 examines the implications of the NZE for various sectors, covering fossil fuel 

supply,  the  supply  of  low‐emissions  fuels  (such  as  hydrogen,  ammonia,  biofuels, 

synthetic  fuels and biomethane) and the electricity,  transport,  industry and buildings 

sectors. It highlights the key changes required to achieve net‐zero emissions in the NZE 

and the major milestones that are needed along the way. 

 Chapter 4 explores the implications of the NZE for the economy, the energy industry, 

citizens and governments. 

1.2 Emissions reduction targets and net zero pledges 

1.2.1 Nationally Determined Contributions 

Under  the  Paris  Agreement,  Parties 1 are  required  to  submit  Nationally  Determined 

Contributions  (NDCs)  to the UNFCCC and to  implement policies with the aim of achieving 

their stated objectives. The process is dynamic; it requires Parties to update their NDCs every 

five years in a progressive manner to reflect the highest possible ambition. The first round of 

NDCs,  submitted  by  191 countries,  covers  more  than  90%  of  global  energy‐related  and 

industrial  process  CO2  emissions. 2  The  first  NDCs  included  some  targets  that  were 

unconditional  and  others  that  were  conditional  on  international  support  for  finance, 

technology and other means of implementation. 

As  of  23  April  2021,  80 countries  have  submitted  new  or  updated NDCs  to  the UNFCCC, 

covering  just  over  40%  of  global  CO2  emissions  (Figure 1.1).3 Many  of  the  updated NDCs 

include more  stringent  targets  than  in  the  initial  round  of  NDCs,  or  targets  for  a  larger 

number  of  sectors  or  for  a  broader  coverage  of  GHGs.  In  addition,  27 countries  and  the 

European Union have communicated long‐term low GHG emissions development strategies 

to the UNFCCC, as requested by the Paris Agreement. Some of these strategies incorporate 

a net zero pledge. 

                                                                                                                                   
1 Parties refers to the 197 members of the UNFCCC which includes all United Nations member states, United 
Nations General Assembly Observer State of Palestine, UN non‐member states Niue and the Cook Islands and 

the European Union. 

2 Unless  otherwise  stated,  CO2  emissions  in  this  report  refer  to  energy‐related  and  industrial  process  CO2 

emissions.  
3 Several countries have indicated that they intend to submit new or updated NDCs later in 2021 or in 2022. 

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1811  



 

32 International Energy Agency | Special Report

  

Figure 1.1 ⊳ Number of countries with NDCs, long-term strategies and net 
zero pledges, and their shares of 2020 global CO2 emissions  

IEA. All rights reserved.

Around 40% of countries that have ratified the Paris Agreement have updated their NDCs, 
but net zero pledges cover around 70% of global CO2 emissions  

1.2.2 Net‐zero emissions pledges 

There has been a rapid increase in the number of governments making pledges to reduce 

GHG emissions to net zero (Figure 1.2). In the Paris Agreement, countries agreed to “achieve 

a balance between anthropogenic emissions by sources and removals by sinks of greenhouse 

gases in the second‐half of the century”. The Intergovernmental Panel on Climate Change 

(IPCC) Special Report on Global Warming of 1.5 °C highlighted the importance of reaching 

net‐zero  CO2  emissions  globally  by mid‐century  or  sooner  to  avoid  the worst  impacts  of 

climate change (IPCC, 2018). 

Net‐zero  emissions  pledges  have  been  announced  by  national  governments,  subnational 

jurisdictions,  coalitions 4  and  a  large  number  of  corporate  entities  (see  Spotlight).  As  of 

23 April 2021,  44 countries  and  the  European  Union  have  pledged  to  meet  a  net‐zero 

emissions  target:  in  total  they  account  for  around 70% of  global  CO2  emissions  and GDP 

(Figure 1.3).  Of  these,  ten  countries  have  made  meeting  their  net  zero  target  a  legal 

obligation, eight are proposing to make it a legal obligation, and the remainder have made 

their pledges in official policy documents.  

                                                                                                                                   
4 Examples include: the UN‐led Climate Ambition Alliance in which signatories signal they are working towards 

achieving net‐zero emissions by 2050; and the Carbon Neutrality Coalition launched at the UN Climate Summit 
in 2017, in which signatories commit to develop long‐term low GHG emissions strategies in line with limiting 

temperature rises to 1.5 °C.  
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Figure 1.2 ⊳ Number of national net zero pledges and share of global CO2 
emissions covered 

 
IEA. All rights reserved.

There has been a significant acceleration in net-zero emissions pledges  
announced by governments, with an increasing number enshrined in law  

Notes: In law = a net zero pledge has been approved by parliament and is legally binding. Proposed = a net 

zero pledge has been proposed to parliament to be voted into law. In policy document = a net zero pledge has 

been proposed but does not have legally binding status.  

Figure 1.3 ⊳ Coverage of announced national net zero pledges  

IEA. All rights reserved.

Countries accounting for around 70% of global CO2 emissions and GDP have set net zero 
pledges in law, or proposed legislation or in an official policy document 

Note: GDP = gross domestic product at purchasing power parity. 
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In contrast to some of the shorter term commitments contained within NDCs, few net zero 

pledges  are  supported  by  detailed  policies  and  firm  routes  to  implementation.  Net‐zero 

emissions pledges also vary considerably in their timescale and scope. Some key differences 

include: 

 GHG coverage. Most pledges cover all GHG emissions, but some include exemptions or 

different  rules  for  certain  types  of  emissions.  For  example,  New  Zealand’s  net  zero 

pledge covers all GHGs except biogenic methane, which has a separate reduction target.  

 Sectoral boundaries. Some pledges exclude emissions from specific sectors or activities. 

For  example,  the  Netherlands  aims  to  achieve  net‐zero  GHG  emissions  only  in  its 

electricity sector (as part of an overall aim to reduce total GHG emissions by 95%), and 

some countries, including France, Portugal and Sweden, exclude international aviation 

and shipping. 

 Use of carbon dioxide removal (CDR). Pledges take varying approaches to account for 

CDR within a country’s sovereign territory. CDR options include natural CO2 sinks, such 

as  forests  and  soils,  as  well  as  technological  solutions,  such  as  direct  air  capture  or 

bioenergy  with  carbon  capture  and  storage.  For  example,  Uruguay  has  stated  that 

natural CO2 sinks will be used to help it reach net‐zero emissions, while Switzerland plans 

to use CDR technologies to balance a part of its residual emissions in 2050. 

 Use  of  international  mitigation  transfers.  Some  pledges  allow  GHG mitigation  that 

occurs outside a country’s borders to be counted towards the net zero target, such as 

through the transfer of carbon credits, while others do not. For example, Norway allows 

the potential use of international transfers, while France explicitly rules them out. Some 

countries, such as Sweden, allow such transfers but specify an upper limit to their use. 

 Timeframe.  The majority  of  pledges,  covering  35%  of  global  CO2  emissions  in  2020, 

target net‐zero emissions by 2050, but Finland aims to reach that goal by 2035, Austria 

and Iceland by 2040 and Sweden by 2045. Among others, the People’s Republic of China 

(hereafter China) and Ukraine have set a target date after 2050. 

How are businesses responding to the need  
to reach net-zero emissions? 

There has been a  rapid  rise  in net‐zero emissions announcements  from companies  in 

recent years: as of February 2021, around 110 companies that consume large amounts 

of  energy  directly  or  produce  energy‐consuming  goods  have  announced  net‐zero 

emissions goals or targets.  

Around 60‐70% of global production of heating and cooling equipment, road vehicles, 

electricity  and  cement  is  from  companies  that  have  announced  net‐zero  emissions 

targets  (Figure 1.4).  Nearly  60%  of  gross  revenue  in  the  technology  sector  is  also 

generated  by  companies  with  net‐zero  emission  targets.  In  other  sectors,  net  zero 

S P O T L I G H T
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pledges cover 30‐40% of air and shipping operations, 15% of transport logistics and 10% 

of  construction. All  these  shares  are  likely  to  keep  growing  as more  companies make 

pledges. 

Figure 1.4 ⊳ Sectoral activity of large energy-related companies with 
announced pledges to reach net-zero emissions by 2050  

IEA. All rights reserved.

Some sectors are more advanced in terms of the extent  
of net zero targets by companies active in the sector  

Notes: Scope 1 = direct emissions from energy and other sources owned or controlled. Scope 2 = indirect 

emissions from the production of electricity and heat, and fuels purchased and used. Scope 3 = indirect 

emissions from sources not owned or directly controlled but related to their activities (such as employee 
travel,  extraction,  transport  and  production  of  purchased  materials  and  fuels,  and  end‐use  of  fuels, 

products and services). Partial value chain  includes Scope 1 and 2 emissions and Scope 3 emissions  in 

specific geographic locations or sections of a company’s value chain. 

Source: IEA analysis based on company reports from the largest 10‐25 companies within each sector. 

Company pledges may not be readily comparable. Most companies account for emissions 

and  set  net  zero  pledges  based  on  the  GHG  Protocol  (WRI,  WBCSD,  2004),  but  the 

coverage  and  timeframe  of  these  pledges  varies  widely.  Some  cover  only  their  own 

emissions, for example by shifting to the use of zero‐emissions electricity in offices and 

production  facilities,  and  by  eliminating  the  use  of  oil  in  transport  or  industrial 

operations, e.g. FedEx, ArcelorMittal and Maersk. Others also cover wider emissions from 

certain  parts  of  their  values  chains,  e.g.  Renault  in  Europe,  or  all  indirect  emissions 

related to their activities, e.g. Daikin, Toyota, Shell, Eni and Heidelberg. Around 60% of 

pledges aim to achieve net‐zero emissions by 2050, but several companies have set an 

earlier deadline of 2030 or 2040. 

Around 40% of companies that have announced net zero pledges have yet to set out how 

they aim to achieve them. For those with detailed plans, the main options include direct 

emissions reductions, use of CO2 removal technologies, such as afforestation, bioenergy 
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with  carbon  capture,  utilisation  and  storage  (CCUS),  or  direct  air  capture  with  CO2 

storage, and purchasing emissions (credits generated through emissions reductions that 

occur elsewhere). The use of offsets could be a cost‐effective mechanism to eliminate 

emissions from parts of value chains where emissions reductions are most challenging, 

provided that schemes to generate emissions credits result in permanent, additional and 

verified emissions reductions. However, there is likely to be a limited supply of emissions 

credits  consistent with  net‐zero  emissions  globally  and  the  use  of  such  credits  could 

divert investment from options that enable direct emissions reductions. 

1.3 Outlook for emissions and energy in the STEPS 

The IEA Stated Policies Scenario (STEPS) illustrates the consequences of existing and stated 

policies for the energy sector. It draws on the latest information regarding national energy 

and climate plans and the policies that underpin them. It takes account of all policies that are 

backed by robust implementing legislation or regulatory measures, including the NDCs that 

countries have put forward under the Paris Agreement up to September 2020 and the energy 

components of announced economic stimulus and recovery packages. So far, few net‐zero 

emissions pledges have been backed up by detailed policies, implementation plans or interim 

targets: most net zero pledges therefore are not included in the STEPS. 

1.3.1 CO2 emissions  

Global CO2 emissions in the STEPS bring about only a marginal overall improvement in recent 

trends. Switching to renewables leads to an early peak in emissions in the electricity sector, 

but reductions across all sectors fall far short of what is required for net‐zero emissions in 

2050. Annual CO2 emissions rebound quickly from the dip caused by the Covid‐19 pandemic 

in 2020: they increase from 34 Gt in 2020 to 36 Gt in 2030 and then remain around this level 

until 2050 (Figure 1.5). If emissions trends were to continue along the same trajectory after 

2050,  and  with  commensurate  changes  in  other  sources  of  GHG  emissions,  the  global 

average surface temperature rise would be around 2.7 °C in 2100 (with a 50% probability).  

There is strong divergence between the outlook for emissions in advanced economies on one 

hand  and  the  emerging  market  and  developing  economies  on  the  other.  In  advanced 

economies, despite a small  rebound  in the early 2020s, CO2 emissions decline by about a 

third between 2020 and 2050, thanks to the impact of policies and technological progress in 

reducing energy demand and switching to cleaner fuels. In emerging market and developing 

economies,  energy demand  continues  to  grow  strongly  because of  increased population, 

brisk  economic  growth,  urbanisation  and  the  expansion  of  infrastructure:  these  effects 

outweigh  improvements  in  energy  efficiency  and  the  deployment  of  clean  technologies, 

causing CO2 emissions to grow by almost 20% by the mid‐2040s, before declining marginally 

to 2050.  
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Figure 1.5 ⊳ Energy-related and industrial process CO2 emissions by region 
and sector in the STEPS 

  
IEA. All rights reserved.

Global CO2 emissions rebound quickly after 2020 and then plateau,  
with declines in advanced economies offset by increases elsewhere 

Note: Other = agriculture and own use in the energy sector. 

1.3.2 Total energy supply, total final consumption and  
electricity generation 

The projected trends  in CO2 emissions  in the STEPS result  from changes  in the amount of 

energy used and  the mix of  fuels and  technologies.  Total energy  supply  (TES)5 worldwide 

rises by just over 30% between 2020 and 2050 in the STEPS (Figure 1.6). Without a projected 

annual average reduction of 2.2% in energy intensity, i.e. energy use per unit of GDP, TES in 

2050 would be around 85% higher. In advanced economies, energy use falls by around 5% to 

2050, despite a 75% increase in economic activity over the period. In emerging market and 

developing economies, energy use increases by 50% to 2050, reflecting a tripling of economic 

output between 2020 and 2050. Despite the  increase  in GDP and energy use  in emerging 

market and developing economies, 750 million people still have no access to electricity  in 

2050, more than 95% of them in sub‐Saharan Africa, and 1.5 billion people continue to rely 

on the traditional use of bioenergy for cooking. 

The global fuel mix changes significantly between 2020 and 2050. Coal use, which peaked in 

2014, falls by around 15%. Having fallen sharply in 2020 due to the pandemic, oil demand 

rebounds quickly, returning to the 2019 level of 98 million barrels per day (mb/d) by 2023 

and reaching a plateau of around 104 mb/d shortly after 2030. Natural gas demand increases 

from 3 900 billion cubic metres (bcm) in 2020 to 4 600 bcm in 2030 and 5 700 bcm in 2050. 

Nuclear energy grows by 15% between 2020 and 2030, mainly reflecting expansions in China.  

                                                                                                                                   
5 Total primary energy  supply  (or  total primary energy demand) has been  renamed  total energy  supply  in 

accordance with the International Recommendations for Energy Statistics (IEA, 2020d). 
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Figure 1.6 ⊳ Total energy supply and CO2 emissions intensity in the STEPS 

 
IEA. All rights reserved.

Coal use declines, oil plateaus and renewables and natural gas grow substantially to 2050 

Note: EJ = exajoule; MJ = megajoule; TES = total energy supply. 

Total final consumption increases in all sectors in the STEPS, led by electricity and natural gas 

(Figure 1.7). All  the growth  is  in emerging market and developing economies. The biggest 

change  in  energy  use  is  in  the  electricity  sector  (Figure 1.8).  Global  electricity  demand 

increases by 80% between 2020 and 2050, around double the overall rate of growth in final 

energy consumption. More than 85% of the growth in global electricity demand comes from 

emerging market and developing economies. Coal  continues  to play an  important  role  in 

electricity generation in those economies to 2050, despite strong growth in renewables: in 

advanced economies, the use of coal for electricity generation drops sharply.  

Figure 1.7 ⊳ Total final consumption by sector and fuel in the STEPS 

 
IEA. All rights reserved.

Final energy consumption grows on average by 1% per year between 2020 and 2050,  
with electricity and natural gas meeting most of the increase 
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Figure 1.8 ⊳ Electricity generation by fuel and share of coal in the STEPS 

 
IEA. All rights reserved.

Emerging market and developing economies drive most of the increase in global 
electricity demand, met mainly by renewables and gas, though coal remains important 

1.3.3 Emissions from existing assets 

The energy sector contains a large number of long‐lived and capital‐intensive assets. Urban 

infrastructure,  pipelines,  refineries,  coal‐fired  power  plants,  heavy  industrial  facilities, 

buildings and  large hydro power plants can have technical and economic  lifetimes of well 

over 50 years. If today’s energy infrastructure was to be operated until the end of the typical 

lifetime  in  a manner  similar  to  the past, we estimate  that  this would  lead  to  cumulative 

energy‐related and industrial process CO2 emissions between 2020 and 2050 of just under 

650 Gt CO2. This  is around 30% more than the remaining total CO2 budget consistent with 

limiting global warming to 1.5 °C with a 50% probability (see Chapter 2).  

The electricity sector accounts for more than 50% of the total emissions that would come 

from existing assets; 40% of total emissions would come from coal‐fired power plants alone. 

Industry  is  the  next  largest  sector,  with  steel,  cement,  chemicals  and  other  industry 

accounting  for  around  30%  total  emissions  from  existing  assets.  The  long  lifetime  of 

production facilities in these sub‐sectors (typically 30‐40 years for a blast furnace or cement 

kiln) and the relatively young age of the global capital stock explain their large contribution. 

Transport  accounts  for  just  over  10% of  emissions  from existing  assets  and  the buildings 

sector accounts for just under 5%. The lifetime of vehicles and equipment in the transport 

and buildings sectors is generally much shorter than is the case in electricity and industry – 

passenger cars, for example, are generally assumed to have a lifetime of around 17 years – 

but associated infrastructure networks such as roads, electricity networks and gas grids have 

very long lifetimes. 

There  are  some  large  regional  differences  in  emissions  levels  from  existing  assets 

(Figure 1.9).  Advanced  economies  tend  to  have much  older  capital  stocks  than  emerging 

market and developing economies, particularly in the electricity sector, and existing assets 

will reach the end of their lifetimes earlier. For example, the average age of coal‐fired power 
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plants in China is 13 years and 16 years in the rest of Asia, compared to around 35 years in 

Europe and 40 years in the United States (IEA, 2020e).  

Figure 1.9 ⊳ Emissions from existing infrastructure by sector and region 

IEA. All rights reserved.

Emerging market and developing economies account for three-quarters 
of cumulative emissions from existing infrastructure through to 2050 

1.4 Announced Pledges Case 

The Announced Pledges Case (APC) assumes that all national net‐zero emissions pledges are 

realised in full and on time. It therefore goes beyond the policy commitments incorporated 

in the STEPS. The aim of the APC is to see how far full implementation of the national net‐

zero emissions pledges would take the world towards reaching net‐zero emissions, and to 

examine the scale of the transformation of the energy sector that such a path would require.  

The  way  these  pledges  are  assumed  to  be  implemented  in  the  APC  has  important 

implications  for  the  energy  system.  A  net  zero  pledge  for  all  GHG  emissions  does  not 

necessarily mean  that  CO2  emissions  from  the  energy  sector  need  to  reach net  zero. For 

example, a country’s net zero plans may envisage some remaining energy‐related emissions 

are offset by the absorption of emissions from forestry or land use, or by negative emissions 

arising from the use of bioenergy or direct capture of CO2 from the air (DAC) with CCUS.6 It 

is not possible to know exactly how net zero pledges will be implemented, but the design of 

the APC, particularly with  respect  to  the details of  the energy  system pathway, has been 

informed by the pathways that a number of national bodies have developed to support net 

zero pledges (Box 1.1). Policies  in countries that have not yet made a net zero pledge are 

assumed to be the same as in the STEPS. Non policy assumptions, including population and 

economic growth, are the same as in the STEPS. 

                                                                                                                                   
6  For  example,  in  recent  economy‐wide  net  zero  mitigation  pathways  for  the  European  Union,  around 
140‐210 million tonnes CO2 of emissions from the energy sector remain in 2050, which are offset by CDR from 

managed land‐use sinks, and bioenergy and DAC with CCUS (European Commission, 2018). 
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Box 1.1 ⊳ Consultations with national bodies on achieving national net-
zero emissions goals 

To help inform its work on net zero pathways, the IEA engaged in extensive consultations 

with experts in academia and national bodies that have developed pathways to support 

net zero pledges made by governments. This includes groups that have developed net‐

zero emissions pathways for several countries including China, European Union, Japan, 

United Kingdom and United States, as well as the IPCC. These pathways were not used 

directly  as  input  for  the  APC,  but  the  discussions  informed  our modelling  of  national 

preferences and constraints within each jurisdiction and to benchmark the overall level 

of energy‐related CO2 emissions reductions that are commensurate with economy‐wide 

net zero goals. 

1.4.1 CO2 emissions 

In the APC, there is a small rebound in emissions to 2023, although this is much smaller than 

the increase that immediately followed the financial crisis in 2008‐09. Emissions never reach 

the previous peak of 36 Gt CO2. Global CO2 emissions fall around 10% to 30 Gt in 2030 and 

to 22 Gt in 2050. This is around 35% below the level in 2020 and 14 Gt CO2 lower than in the 

STEPS (Figure 1.10). If emissions continue this trend after 2050, and with a similar level of 

changes in non‐energy‐related GHG emissions, the global average surface temperature rise 

in 2100 would be around 2.1 °C (with a 50% probability). 

Figure 1.10 ⊳ Global energy-related and industrial process CO2 emissions by 
scenario and reductions by region, 2010-2050 

 
IEA. All rights reserved.

Achieving existing net zero pledges would reduce emissions globally to 22 Gt CO2 in 2050, 
a major reduction compared with current policies but still far from net-zero emissions 
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The net zero pledges that have been made to date therefore make a major difference to the 

current  trajectory  for CO2 emissions. Equally, however, existing net  zero pledges  fall well 

short of what is necessary to reach net‐zero emissions globally by 2050. This highlights the 

importance of concrete policies and plans to deliver in full long‐term net zero pledges. It also 

underlines the value of other countries making (and delivering on) net zero pledges: the more 

countries that do so, and the more ambitious those pledges are, the more the gap will narrow 

with what is needed to reach net‐zero emissions by 2050. 

The largest drop in CO2 emissions is in the APC is in the electricity sector with global emissions 

falling  by  nearly  60%  between  2020  and  2050.  This  occurs  despite  a  near‐doubling  of 

electricity demand as energy end‐uses are increasingly electrified, notably in transport and 

buildings (Figure 1.11). This compares with a fall in emissions of less than 15% in the STEPS. 

Figure 1.11 ⊳ Global CO2 emissions by sector in the STEPS and APC 

 
IEA. All rights reserved.

Announced net zero pledges would cut emissions in 2050 by 60%  
in the electricity sector, 40% in buildings, 25% in industry and just over 10% in transport  

The transport and industry sectors see a less marked fall in CO2 emissions to 2050 in the APC, 

with  increases  in  energy  demand  in  regions without  net  zero  pledges  partially  offsetting 

emissions reduction efforts in other regions. Emissions from the buildings sector decline by 

around 40% between 2020 and 2050, compared with around 5% in the STEPS: fossil fuel use 

in buildings is mostly to provide heating, and countries that have made pledges account for 

a relatively high proportion of global heating demand.  

Even in regions with net zero pledges, there are some residual emissions in 2050, mainly in 

industry  and  transport.  This  reflects  the  scarcity  of  commercially  available  options  to 

eliminate all emissions from heavy‐duty trucks, aviation, shipping and heavy industry. 
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1.4.2 Total energy supply 

Global total energy supply increases by more than 15% between 2020 and 2050 in the APC, 

compared with a third in the STEPS (Figure 1.12). Energy intensity falls on average by around 

2.6% per year to 2050 compared with 2.2% in the STEPS. There is a substantial increase in 

energy  demand  in  emerging  market  and  developing  economies,  where  economic  and 

population growth is fastest and where there are fewer net zero pledges, which outweighs 

the reductions in energy demand in the countries with net zero pledges. 

Figure 1.12 ⊳ Total energy supply by source in STEPS and APC 

 
IEA. All rights reserved.

Announced net zero pledges lift renewables in the APC from 12% of total energy supply 
in 2020 to 35% in 2050, mainly at the expense of coal and oil  

The global increase in energy supply in the APC is led by renewables, which increase their 

share in the energy mix from 12% in 2020 to 35% by 2050 (compared with 25% in 2050 in 

the STEPS). Solar photovoltaics (PV) and wind  in the electricity sector together contribute 

about  50%  of  the  growth  in  renewables  supply,  and  bioenergy  contributes  around  30%. 

Bioenergy use doubles in industry, triples in electricity generation and grows by a factor of 

four  in  transport:  it  plays  an  important  role  in  reducing  emissions  from heat  supply  and 

removing CO2 from the atmosphere when it is combined with CCUS. Nuclear maintains its 

share of the energy mix, its output rising by a quarter to 2030 (compared with a 15% increase 

in  the  STEPS),  driven  by  lifetime  extensions  at  existing  plants  and  new  reactors  in  some 

countries. 

Global coal use falls significantly more rapidly  in the APC than in the STEPS.  It drops from 

5 250 million tonnes of coal equivalent (Mtce) in 2020 to 4 000 Mtce in 2030 and 2 600 Mtce 

in 2050  (compared with 4 300 Mtce  in  the STEPS  in 2050). Most of  this decline  is due  to 

reduced  coal‐fired  electricity  generation  in  countries with  net  zero  pledges  as  plants  are 

repurposed, retrofitted or retired. In advanced economies, unabated coal‐fired power plants 
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are generally phased out over the next 10‐15 years. China’s coal consumption for electricity 

declines by 85% between 2020 and 2050 on its path towards carbon neutrality in 2060. These 

declines more than offset continued growth for coal in countries without net zero pledges. 

Globally,  coal  use  in  industry  falls  by 25% between 2020 and 2050,  compared with  a 5% 

decline in the STEPS.  

Oil demand recovers slightly in the early 2020s but never again reaches its historic peak in 

2019.  It declines  to 90 mb/d  in  the early 2030s and to 80 mb/d  in 2050, around 25 mb/d 

lower than in the STEPS, thanks to a strong push to electrify transport and shifts to biofuels 

and hydrogen, especially in regions with pledges. Natural gas demand increases from about 

3 900 bcm in 2020 to around 4 350 bcm in 2025, but is then broadly flat to 2050 (it continues 

to grow to around 5 700 bcm in the STEPS).  

1.4.3  Total final consumption 

Global  energy  use  continues  to  grow  in  all  major  end‐use  sectors  in  the  APC,  albeit 

substantially  more  slowly  than  in  the  STEPS  (Figure 1.13).  Total  final  consumption  (TFC) 

increases by around 20% in 2020‐50, compared with a 35% increase globally in the STEPS. 

Measures  to  improve energy efficiency play  a major  role  in  the APC  in  reducing demand 

growth in countries with net zero pledges. Without those efficiency gains, electricity demand 

growth  would  make  it  much  harder  for  renewables  to  displace  fossil  fuels  in  electricity 

generation. The biggest  reduction  in energy demand relative to  the STEPS  is  in  transport, 

thanks  to  an accelerated  shift  to electric  vehicles  (EVs), which are  around  three‐times as 

energy efficient as conventional internal combustion engine vehicles.  

Figure 1.13 ⊳ Total final consumption in the APC 

 
IEA. All rights reserved.

Announced net zero pledges lead to a shift away from fossil fuels globally to electricity, 
renewables and hydrogen. Electricity’s share rises from 20% to 30% in 2050 
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The  fuel mix  in  final energy use  shifts  substantially  in  the APC. By 2050, electricity  is  the 

largest  single  fuel  used  in  all  sectors  except  transport, where  oil  remains  dominant.  The 

persistence of oil in transport stems partly from the extent of its continued use in countries 

without net zero pledges, and partly from the difficulty of electrifying substantial parts of the 

transport sector, notably trucking and aviation. Electricity does make inroads into transport, 

however, and rapid growth in the uptake of EVs puts oil use into decline after 2030, with EVs 

accounting for around 35% of global passenger car sales by 2030 and nearly 50% in 2050 in 

the APC (versus around 25% in the STEPS in 2050). Electrification in the buildings sector is 

also much faster in the APC than in the STEPS.  

The direct use of renewables expands in all end‐use sectors globally through to 2050. Modern 

bioenergy  accounts  for  the  bulk  of  this  growth,  predominantly  through  the  blending  of 

biomethane into natural gas networks and liquid biofuels in transport. This occurs mainly in 

regions with net zero pledges. Hydrogen and hydrogen‐based fuels play a larger role in the 

APC than in the STEPS, reaching almost 15 exajoules (EJ) in 2050, though they still account 

for only 3% of total final consumption worldwide in 2050. Transport accounts for more than 

two‐thirds of all hydrogen consumption in 2050. In parallel, on‐site hydrogen production in 

the industry and refining sectors gradually shifts towards low‐carbon technologies. 

1.4.4 Electricity generation 

Global electricity generation nearly doubles during the next three decades in the APC, rising 

from  about  26 800 terawatt‐hours  (TWh)  in  2020  to  over  50 000 TWh  in  2050,  some 

4 000 TWh higher than in the STEPS. Low‐emissions energy sources provide all the increase. 

The share of renewables  in electricity generation rises from 29% in 2020 to nearly 70% in 

2050, compared with about 55% in the STEPS, as solar PV and wind race ahead of all other 

sources of generation (Figure 1.14). By 2050, solar PV and wind together account for almost 

half of electricity supply. Hydropower also continues to expand, emerging as the third‐largest 

energy  source  in  the  electricity  mix  by  2050.  Nuclear  power  increases  steadily  too, 

maintaining its global market share of about 10%, led by increases in China. Natural gas use 

in electricity increases slightly to the mid‐2020s before starting to fall back, while coal’s share 

of electricity generation falls from around 35% in 2020 to below 10% in 2050. At that point, 

20% of the remaining coal‐fired output comes from plants equipped with CCUS. 

Hydrogen and ammonia start to emerge as fuel  inputs to electricity generation by around 

2030, used largely in combination with natural gas in gas turbines and with coal in coal‐fired 

power  plants.  This  extends  the  life  of  existing  assets,  contributes  to  electricity  system 

adequacy  and  reduces  the  overall  costs  of  transforming  the  electricity  sectors  in  many 

countries. Total battery capacity also rises substantially,  reaching 1 600 gigawatts  (GW)  in 

2050, 70% more than in the STEPS. 
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Figure 1.14 ⊳ Global electricity generation by source in the APC 

 
IEA. All rights reserved.

Renewables reach new heights in the APC, rising from just under 30% of electricity supply 
 in 2020 to nearly 70% in 2050, while coal-fired generation steadily declines 

Note: Other renewables = geothermal, solar thermal and marine. 
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Chapter 2 

A global pathway to net-zero CO₂ emissions in 2050 

 The Net‐Zero Emissions by 2050 Scenario (NZE) shows what is needed for the global 

energy sector  to achieve net‐zero CO2 emissions by 2050. Alongside corresponding 

reductions in GHG emissions from outside the energy sector, this is consistent with 

limiting the global temperature rise to 1.5 °C without a temperature overshoot (with 

a  50%  probability).  Achieving  this  would  require  all  governments  to  increase 

ambitions from current Nationally Determined Contributions and net zero pledges.  

 In the NZE, global energy‐related and industrial process CO2 emissions fall by nearly 

40% between 2020 and 2030 and to net zero in 2050. Universal access to sustainable 

energy is achieved by 2030. There is a 75% reduction in methane emissions from fossil 

fuel  use  by  2030.  These  changes  take  place while  the  global  economy more  than 

doubles through to 2050 and the global population increases by 2 billion. 

 Total energy supply falls by 7% between 2020 and 2030 in the NZE and remains at 

around this level to 2050. Solar PV and wind become the leading sources of electricity 

globally before 2030 and together they provide nearly 70% of global generation  in 

2050. The traditional use of bioenergy is phased out by 2030. 

 Coal demand declines by 90% to less than 600 Mtce in 2050, oil declines by 75% to 

24 mb/d, and natural gas declines by 55% to 1 750 bcm. The fossil fuels that remain 

in  2050  are  used  in  the  production  of  non‐energy  goods  where  the  carbon  is 

embodied in the product (like plastics), in plants with carbon capture, utilisation and 

storage (CCUS), and in sectors where low‐emissions technology options are scarce. 

 Energy efficiency, wind and solar provide around half of emissions savings to 2030 in 

the NZE. They continue to deliver emissions reductions beyond 2030, but the period 

to 2050 sees increasing electrification, hydrogen use and CCUS deployment, for which 

not all technologies are available on the market today, and these provide more than 

half  of  emissions  savings  between  2030  and  2050.  In  2050,  there  is  1.9 Gt  of  CO2 

removal  in  the  NZE  and  520 million  tonnes  of  low‐carbon  hydrogen  demand. 

Behavioural changes by citizens and businesses avoid 1.7 Gt CO2 emissions in 2030, 

curb energy demand growth, and facilitate clean energy transitions. 

 Annual energy sector investment, which averaged USD 2.3 trillion globally in recent 

years, jumps to USD 5 trillion by 2030 in the NZE. As a share of global GDP, average 

annual energy investment to 2050 in the NZE is around 1% higher than in recent years. 

 The NZE taps into all opportunities to decarbonise the energy sector, across all fuels 

and  all  technologies.  But  the  path  to  2050  has many  uncertainties.  If  behavioural 

changes were to be more limited than envisaged in the NZE, or sustainable bioenergy 

less  available,  then  the  energy  transition  would  be  more  expensive.  A  failure  to 

develop CCUS  for  fossil  fuels  could delay or prevent  the development of CCUS  for 

process emissions from cement production and carbon removal technologies, making 

it much harder to achieve net‐zero emissions by 2050. 
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2.1 Introduction 

Achieving  a  global  energy  transition  that  is  compatible  with  the  world’s  climate  goals  is 

unquestionably  a  formidable  task.  As  highlighted  in  Chapter  1,  current  pledges  by 

governments to reduce emissions to net zero collectively cover around 70% of today’s global 

economic activity and global CO2 emissions. The Announced Pledges Case shows that, if all 

those pledges were met in full, it would narrow the gap between where we are heading and 

where we need to be to achieve net‐zero emissions by 2050 worldwide. But it also shows 

that the gap would remain large. Meeting all existing net zero pledges in full would still leave 

22 gigatonnes (Gt) of energy‐related and industrial process CO2 emissions globally in 2050, 

consistent with a temperature rise in 2100 of around 2.1 °C (with a 50% probability).  

In  this  chapter, we  examine  the  energy  sector  transformation which  is  embodied  in  our 

Net‐Zero Emissions by 2050 Scenario. First, it provides an overview of the key assumptions 

and market  dynamics  underlying  the  projections,  including  projected  fossil  fuel  and  CO2 

prices. It discusses trends in global CO2 emissions, energy use and investment, including the 

key  roles  played  by  efficiency measures,  behavioural  change,  electrification,  renewables, 

hydrogen and hydrogen‐based fuels, bioenergy, and carbon capture, utilisation and storage 

(CCUS). Further, it discusses some of the key uncertainties surrounding the global pathway 

towards  net‐zero  emissions  related  to  behavioural  change,  the  availability  of  sustainable 

bioenergy, and the deployment of CCUS for fossil fuels. The transformation of specific energy 

sectors is assessed and discussed in detail in Chapter 3. 

2.2 Scenario design 

The Net‐Zero Emissions by 2050 Scenario (NZE) is designed to show what is needed across 

the main sectors by various actors, and by when, for the world to achieve net‐zero energy‐

related  and  industrial  process  CO2 emissions  by  2050.1  It  also  aims  to minimise methane 

emissions  from  the energy  sector.  In  recent  years,  the energy  sector was  responsible  for 

around three‐quarters of global greenhouse gas (GHG) emissions. Achieving net‐zero energy‐

related and industrial process CO2 emissions by 2050 in the NZE does not rely on action in 

areas other than the energy sector, but limiting climate change does require such action. We 

therefore additionally examine the reductions in CO2 emissions from land use that would be 

commensurate  with  the  transformation  of  the  energy  sector  in  the  NZE,  working  in 

co‐operation with the International Institute for Applied Systems Analysis (IIASA). In parallel 

with action on reducing all other sources of GHG emissions, achieving net‐zero CO2 emissions 

from the energy sector by 2050 is consistent with around a 50% chance of limiting the long‐

term  average  global  temperature  rise  to  1.5 °C  without  a  temperature  overshoot 

(IPCC, 2018). 

                                                                                                                                   
1 Unless otherwise stated, carbon dioxide (CO2) emissions in this chapter refer to energy‐related and industrial 

process CO2 emissions. Net‐zero CO2 emissions refers to zero CO2 emissions to the atmosphere, or with any 
residual CO2 emissions offset by CO2 removal from direct air capture or bioenergy with carbon capture and 

storage.  
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The NZE aims to ensure that energy‐related and industrial process CO2 emissions to 2030 are 

in line with reductions in 1.5 °C scenarios with no or low or limited temperature overshoot 

assessed in the IPCC in its Special Report on Global Warming of 1.5 °C.2 In addition, the NZE 

incorporates concrete action on the energy‐related United Nations Sustainable Development 

Goals related to achieving universal energy access by 2030 and delivering a major reduction 

in air pollution. The projections in the NZE were generated by a hybrid model that combines 

components  of  the  IEA’s  World  Energy  Model  (WEM),  which  is  used  to  produce  the 

projections  in  the annual World Energy Outlook,  and  the Energy Technology Perspectives 

(ETP) model. 

Box 2.1 ⊳ International Energy Agency modelling approach for the NZE 

A new, hybrid modelling approach was adopted to develop the NZE and combines the 

relative strengths of the WEM and the ETP model. The WEM is a large‐scale simulation 

model designed to replicate how competitive energy markets function and to examine 

the implications of policies on a detailed sector‐by‐sector and region‐by‐region basis. The 

ETP  model  is  a  large‐scale  partial‐optimisation  model  with  detailed  technology 

descriptions  of  more  than  800 individual  technologies  across  the  energy  conversion, 

industry, transport and buildings sectors. 

This is the first time this modelling approach has been implemented. The combination of 

the  two  models  allows  for  a  unique  set  of  insights  on  energy  markets,  investment, 

technologies, and the level and detail of policies that would be needed to bring about the 

energy sector transformation in the NZE.  

Results from the WEM and ETP model have been coupled with the Greenhouse Gas ‐ Air 

Pollution  Interactions  and  Synergies  (GAINS)  model  developed  by  IIASA 

(Amann et al., 2011). The GAINS model  is used to evaluate air pollutant emissions and 

resultant health impacts linked to air pollution. For the first time, IEA model results have 

also been coupled with the IIASA’s Global Biosphere Management Model (GLOBIOM) to 

provide data on land use and net emissions impacts of bioenergy demand.  

The impacts of changes in investment and spending on global GDP in the NZE have been 

estimated  by  the  International  Monetary  Fund  (IMF)  using  the  Global  Integrated 

Monetary and Fiscal (GIMF) model. GIMF is a multi‐country dynamic stochastic general 

equilibrium model  used  by  the  IMF  for  policy  and  risk  analysis  (Laxton  et  al.,  2010; 

Anderson et al., 2013). It has been used to produce the IMF’s World Economic Outlook 

scenario analyses since 2008. 

There are many possible paths to achieve net‐zero CO2 emissions globally by 2050 and many 

uncertainties that could affect any of them; the NZE is therefore a path, not the path to net‐

zero emissions. Much depends, for example, on the pace of innovation in new and emerging 

                                                                                                                                   
2 The IPCC classifies scenarios as “no or limited temperature overshoot”, if temperatures exceed 1.5 °C by less 
than 0.1 °C but return to less than 1.5 °C in 2100, and as “higher overshoot”, if temperatures exceed 1.5 °C by 

0.1‐0.4 °C but return to less than 1.5 °C in 2100. 
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technologies,  the  extent  to  which  citizens  are  able  or  willing  to  change  behaviour,  the 

availability  of  sustainable  bioenergy  and  the  extent  and  effectiveness  of  international 

collaboration. We  investigate  some of  the  key  alternatives  and uncertainties  here  and  in 

Chapter 3. The Net‐Zero Emissions by 2050 Scenario is built on the following principles. 

 The uptake of all the available technologies and emissions reduction options is dictated 

by costs, technology maturity, policy preferences, and market and country conditions. 

 All countries co‐operate towards achieving net‐zero emissions worldwide. This involves 

all countries participating in efforts to meet the net zero goal, working together in an 

effective and mutually beneficial way, and recognising the different stages of economic 

development of countries and regions, and the importance of ensuring a just transition.  

 An orderly transition across the energy sector. This includes ensuring the security of fuel 

and  electricity  supplies  at  all  times,  minimising  stranded  assets  where  possible  and 

aiming to avoid volatility in energy markets. 

2.2.1 Population and GDP 

The energy sector transformation in the NZE occurs against the backdrop of large increases 

in the world’s population and economy (Figure 2.1). In 2020, there were around 7.8 billion 

people in the world; this is projected to increase by around 750 million by 2030 and by nearly 

2 billion people by 2050 in line with the median variant of the United Nations projections 

(UNDESA, 2019). Nearly all of the population increase is in emerging market and developing 

economies: the population of Africa alone increases by more than 1.1 billion between 2020 

and 2050.  

Figure 2.1 ⊳ World population by region and global GDP in the NZE 

 
IEA. All rights reserved.

By 2050, the world’s population expands to 9.7 billion people  
and the global economy is more than twice as large as in 2020  

Notes: GDP = gross domestic product in purchasing power parity; C & S America = Central and South America. 

Sources: IEA analysis based on UNDESA (2019); Oxford Economics (2020); IMF (2020a, 2020b). 
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The  world’s  economy  is  assumed  to  recover  rapidly  from  the  impact  of  the  Covid‐19 

pandemic. Its size returns to pre‐crisis levels in 2021. From 2022, the GDP growth trend is 

close to the pre‐pandemic rate of around 3% per year on average, in line with assessments 

from the IMF. The response to the pandemic leads to a large increase in government debt, 

but resumed growth, along with low interest rates in many countries, make this manageable 

in the long term. By 2030, the world’s economy is around 45% larger than in 2020, and by 

2050 it is more than twice as large.  

2.2.2 Energy and CO2 prices 

Projections of future energy prices are inevitably subject to a high degree of uncertainty. In 

IEA scenarios, they are designed to maintain an equilibrium between supply and demand. 

The rapid drop in oil and natural gas demand in the NZE means that no fossil fuel exploration 

is required and no new oil and natural gas fields are required beyond those that have already 

been approved for development. No new coal mines or mine extensions are required either. 

Prices are increasingly set by the operating costs of the marginal project required to meet 

demand, and this results in significantly lower fossil fuel prices than in recent years. The oil 

price  drops  to  around  USD 35/barrel  by  2030  and  then  drifts  down  slowly  towards 

USD 25/barrel in 2050.  

Table 2.1 ⊳  Fossil fuel prices in the NZE 

 Real terms (USD 2019)   2010  2020  2030  2040  2050 

 IEA crude oil (USD/barrel)   91  37  35  28  24 

 Natural gas (USD/MBtu)            

 United States   5.1  2.1  1.9  2.0  2.0 

 European Union   8.7  2.0  3.8  3.8  3.5 

 China   7.8  5.7  5.2  4.8  4.6 

 Japan   12.9  5.7  4.4  4.2  4.1 

 Steam coal (USD/tonne)            

 United States   60  45  24  24  22 

 European Union   108  56  51  48  43 

 Japan   125  75  57  53  49 

 Coastal China   135  81  60  54  50 

Notes: MBtu = million British thermal units. The IEA crude oil prices are a weighted average import price among 

IEA member countries. Natural gas prices are weighted averages expressed on a gross calorific‐value basis. US 

natural gas prices reflect  the wholesale price prevailing on the domestic market. The European Union and 
China gas prices reflect a balance of pipeline and liquefied natural gas (LNG) imports, while Japan gas prices 

solely reflect LNG imports. LNG prices used are those at the customs border, prior to regasification. Steam 

coal prices are weighted averages adjusted to 6 000 kilocalories per kilogramme. US steam coal prices reflect 
mine‐mouth  price  plus  transport  and  handling  cost.  Coastal  China  steam  coal  price  reflects  a  balance  of 

imports and domestic sales, while the European Union and Japanese steam coal prices are solely for imports.  
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In  line  with  the  principle  of  orderly  transitions  governing  the  NZE,  the  trajectory  for  oil 

markets and prices avoids excessive volatility. What happens depends to a large degree on 

the strategies adopted by resource‐rich governments and their national oil companies. In the 

NZE it  is assumed that, despite having  lower cost resources at their disposal, they restrict 

investment in new fields. This limits the need for the shutting in and closure of higher cost 

production. The market share of major resource‐rich countries nevertheless still rises in the 

NZE due to the large size and slow decline rates of their existing fields. 

Producer economies could pursue alternative approaches. Faced with rapidly falling oil and 

gas demand, they could, for example, opt to increase production so as to capture an even 

larger share of the market. In this event, the combination of falling demand and increased 

availability of low cost oil would undoubtedly lead to even lower – and probably much more 

volatile – prices. In practice, the options open to particular producer countries would depend 

on  their  resilience  to  lower  oil  prices  and  on  the  extent  to  which  export  markets  have 

developed for low‐emissions fuels that could be produced from their natural resources.  

Anticipating  and  mitigating  feedbacks  from  the  supply  side  is  a  central  element  of  the 

discussion about orderly energy transitions. A drop in prices usually results in some rebound 

in  demand,  and  policies  and  regulations would  be  essential  to  avoid  this  leading  to  any 

increase  in  the  unabated  use  of  fossil  fuels,  which  would  undermine  wider  emissions 

reduction efforts. 

As  the energy  sector  transforms, more  fuels are  traded globally,  such as hydrogen‐based 

fuels and biofuels. The prices of these commodities are assumed to be set by the marginal 

cost of domestic production or imports within each region. 

A  broad  range  of  energy  policies  and  accompanying measures  are  introduced  across  all 

regions to reduce emissions in the NZE. This includes: renewable fuel mandates; efficiency 

standards; market reforms; research, development and deployment; and the elimination of 

inefficient  fossil  fuel  subsidies. Direct  emissions  reduction  regulations  are  also needed  in 

some cases.  In  the  transport  sector,  for example,  regulations are  implemented  to  reduce 

sales  of  internal  combustion  engine  vehicles  and  increase  the  use  of  liquid  biofuels  and 

synthetic fuels in aviation and shipping, as well as measures to ensure that low oil prices do 

not lead to an increase in consumption. 

CO2 prices are introduced across all regions in the NZE (Table 2.2). They are assumed to be 

introduced  in  the  immediate  future  across  all  advanced  economies  for  the  electricity 

generation, industry and energy production sectors, and to rise on average to USD 130 per 

tonne (tCO2) by 2030 and to USD 250/tCO2 by 2050. In a number of other major economies 

– including China, Brazil, Russia and South Africa – CO2 prices in these sectors are assumed 

to  rise  to  around USD 200/tCO2  in  2050.  CO2  prices  are  introduced  in  all  other  emerging 

market  and  developing  economies,  although  it  is  assumed  that  they  pursue more  direct 

policies to adapt and transform their energy systems and so the level of CO2 prices is lower 

than elsewhere. 
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Table 2.2 ⊳ CO2 prices for electricity, industry and energy production in the NZE 

USD (2019) per tonne of CO2  2025  2030  2040  2050 

Advanced economies  75  130  205  250 

Selected emerging market and 
developing economies* 

45  90  160  200 

Other emerging market and 
developing economies 

3  15  35  55 

* Includes China, Russia, Brazil and South Africa. 

2.3 CO2 emissions 

Global  energy‐related  and  industrial  process  CO2  emissions  in  the  NZE  fall  to  around 

21 Gt CO2 in 2030 and to net‐zero in 2050 (Figure 2.2).3 CO2 emissions in advanced economies 

as a whole fall to net zero by around 2045 and these countries collectively remove around 

0.2 Gt CO2 from the atmosphere  in 2050. Emissions  in several  individual emerging market 

and developing economies also fall to net zero well before 2050, but in aggregate there are 

around 0.2 Gt CO2 of remaining emissions in this group of countries in 2050. These are offset 

by CO2 removal in advanced economies to provide net‐zero CO2 emissions at the global level.  

Figure 2.2 ⊳ Global net CO2 emissions in the NZE 

 
IEA. All rights reserved.

CO2 emissions fall to net zero in advanced economies around 2045 and globally by 2050. 
Per capita emissions globally are similar by the early-2040s. 

Note: Includes CO2 emissions from international aviation and shipping. 

                                                                                                                                   
3 In the period to 2030, CO2 emissions in the NZE fall at a broadly similar rate to the P2 illustrative pathway in 
the IPCC SR 1.5 (IPCC, 2018). The P2 scenario is described as “a scenario with … shifts towards sustainable and 

healthy  consumption  patterns,  low‐carbon  technology  innovation,  and  well‐managed  land  systems  with 

limited societal acceptability for BECCS [bioenergy with carbon capture and storage]”. After 2030, emissions 
in the NZE fall at a much faster pace than in the P2 scenario, which has 5.6 Gt CO2 of residual energy sector 

and industrial process CO2 emissions remaining in 2050. 
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Several emerging market and developing economies with a very large potential for producing 

renewables‐based electricity and bioenergy are also a key source of carbon dioxide removal 

(CDR). This includes making use of renewable electricity sources to produce large quantities 

of biofuels with CCUS, some of which is exported, and to carry out direct air capture with 

carbon capture and storage (DACCS). 

Per capita CO2 emissions in advanced economies drop from around 8 tCO2 per person in 2020 

to around 3.5 tCO2 in 2030, a level close to the average in emerging market and developing 

economies  in  2020.  Per  capita  emissions  also  fall  in  emerging  market  and  developing 

economies, but from a much lower starting point. By the early 2040s, per capita emissions in 

both regions are broadly similar at around 0.5 tCO2 per person.  

Cumulative global energy‐related and  industrial process CO2 emissions between 2020 and 

2050  amount  to  just  over  460 Gt  in  the  NZE.  Assuming  parallel  action  to  address  CO2 

emissions  from agriculture,  forestry and other  land use  (AFOLU) over  the period  to 2050 

would result in around 40 Gt CO2 from AFOLU (see section 2.7.2). This means that total CO2 

emissions from all sources – some 500 Gt CO2 – are in line with the CO2 budgets included in 

the  IPCC  SR1.5,  which  indicated  that  the  total  CO2  budget  from  2020  consistent  with 

providing a 50% chance of limiting warming to 1.5 °C is 500 Gt CO2 (IPCC, 2018).4 As well as 

reducing CO2 emissions to net‐zero, the NZE seeks to reduce non‐CO2 emissions from the 

energy sector. Methane emissions from fossil fuel production and use, for example, fall from 

115 million tonnes (Mt) methane in 2020 (3.5 Gt CO2‐equivalent [CO2‐eq])5 to 30 Mt in 2030 

and 10 Mt in 2050. 

The  fastest  and  largest  reductions  in  global  emissions  in  the NZE  are  initially  seen  in  the 

electricity sector (Figure 2.3). Electricity generation was the  largest source of emissions  in 

2020, but emissions drop by nearly 60% in the period to 2030, mainly due to major reductions 

from coal‐fired power plants, and the electricity sector becomes a small net negative source 

of emissions around 2040. Emissions from the buildings sector fall by 40% between 2020 and 

2030 thanks to a shift away from the use of fossil fuel boilers, and retrofitting the existing 

building  stock  to  improve  its energy performance. Emissions  from  industry and  transport 

both fall by around 20% over this period, and their pace of emissions reductions accelerates 

during the 2030s as the roll‐out of low‐emissions fuels and other emissions reduction options 

is scaled up. Nonetheless, there are a number of areas in transport and industry in which it 

is difficult to eliminate emissions entirely – such as aviation and heavy industry – and both 

sectors have a small level of residual emissions in 2050. These residual emissions are offset 

with applications of BECCS and DACCS. 

 

                                                                                                                                   
4 This budget is based on Table 2.2 of the IPCC SR1.5 (IPCC, 2018). It assumes 0.53 °C additional warming from 

the 2006‐2015 period to give a remaining CO2 budget from 2018 of 580 Gt CO2. There were around 80 Gt CO2 

emissions emitted from 2018 to 2020. 
5 Non‐CO2 gases are converted to CO2‐equivalents based on the 100‐year global warming potentials reported 

by the IPCC 5th Assessment Report (IPCC, 2014). One tonne of methane is equivalent to 30 tonnes of CO2.  
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Figure 2.3 ⊳ Global net-CO2 emissions by sector, and gross and  
net CO2 emissions in the NZE  

IEA. All rights reserved.

Emissions from electricity fall fastest, with declines in industry and transport accelerating  
in the 2030s. Around 1.9 Gt CO2 are removed in 2050 via BECCS and DACCS. 

Notes:  Other = agriculture,  fuel  production,  transformation  and  related  process  emissions,  and  direct  air 

capture. BECCS = bioenergy with carbon capture and storage; DACCS = direct air capture with carbon capture 

and storage. BECCS and DACCS includes CO2 emissions captured and permanently stored. 

The  NZE  includes  a  systematic  preference  for  all  new  assets  and  infrastructure  to  be  as 

sustainable and efficient as possible, and this accounts for 50% of total emissions reductions 

in  2050.  Tackling  emissions  from  existing  infrastructure  accounts  for  another  35%  of 

reductions  in  2050,  while  behavioural  changes  and  avoided  demand,  including materials 

efficiency6  gains  and modal  shifts  in  the  transport  sector,  provide  the  remaining  15%  of 

emissions  reductions  (see  section 2.5.2). A wide  range of  technologies  and measures  are 

deployed in the NZE to reduce emissions from existing infrastructure such as power plants, 

industrial facilities, buildings, networks, equipment and appliances. The NZE is designed to 

minimise  stranded  capital  where  possible,  i.e.  cases  where  the  initial  investment  is  not 

recouped, but in many cases early retirements or lower utilisation lead to stranded value, i.e. 

a reduction in revenue.  

The rapid deployment of more energy‐efficient technologies, electrification of end‐uses and 

swift growth of renewables all play a central part in reducing emissions across all sectors in 

the NZE (Figure 2.4). By 2050, nearly 90% of all electricity generation is from renewables, as 

is around 25% of non‐electric energy use in industry and buildings. There is also a major role 

for emerging fuels and technologies, notably hydrogen and hydrogen‐based fuels, bioenergy 

and CCUS, especially in sectors where emissions are often most challenging to reduce. 

                                                                                                                                   
6 Materials efficiency includes strategies that reduce material demand, or shift to the use of lower emissions 

materials or lower emissions production routes. Examples include lightweighting and recycling. 
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Figure 2.4 ⊳ Average annual CO2 reductions from 2020 in the NZE 

 
IEA. All rights reserved.

Renewables and electrification make the largest contribution to emissions reductions, but a 
wide range of measures and technologies are needed to achieve net-zero emissions 

Notes:  Activity  =  changes  in  energy  service  demand  from  economic  and  population  growth. 

Behaviour = change  in  energy  service  demand  from  user  decisions,  e.g.  changing  heating  temperatures. 
Avoided demand = change in energy service demand from technology developments, e.g. digitalisation. 

2.4 Total energy supply and final energy consumption  

2.4.1 Total energy supply7 

Total energy supply falls to 550 exajoules (EJ)  in 2030, 7% lower than in 2020 (Figure 2.5). 

This occurs despite significant increases in the global population and economy because of a 

fall  in  energy  intensity  (the  amount  of  energy  used  to  generate  a  unit  of  GDP).  Energy 

intensity falls by 4% on average each year between 2020 and 2030. This is achieved through 

a  combination  of  electrification,  a  push  to  pursue  all  energy  and  materials  efficiency 

opportunities, behavioural  changes  that  reduce demand  for energy  services, and a major 

shift  away  from  the  traditional  use  of  bioenergy.8  This  level  of  improvement  in  energy 

intensity is much greater than has been achieved in recent years: between 2010 and 2020, 

average annual energy intensity fell by less then 2% each year. 

After  2030,  continuing  electrification of  end‐use  sectors  helps  to  reduce  energy  intensity 

further, but the emphasis on maximising energy efficiency improvements in the years up to 

                                                                                                                                   
7 The terms total primary energy supply (TPES) or total primary energy demand (TPED) have been renamed as 
total  energy  supply  (TES)  in  accordance  with  the  International  Recommendations  for  Energy  Statistics 

(IEA, 2020a). 

8 Modern forms of cooking require much less energy than the traditional use of biomass in inefficient stoves. 
For  example,  cooking  with  a  liquefied  petroleum  gas  stove  uses  around  five‐times  less  energy  than  the 

traditional use of biomass. 
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2030 limits the available opportunities in later years. At the same time, increasing production 

of  new  fuels,  such  as  advanced biofuels,  hydrogen  and  synthetic  fuels,  tends  to  push up 

energy use. As a result, the rate of decline in energy intensity between 2030 and 2050 slows 

to 2.7% per year. With continued economic and population growth, this means that total 

energy supply falls slightly between 2030 and 2040 but then remains broadly flat to 2050. 

Total energy supply in 2050 in the NZE is close to the level in 2010, despite a global population 

that is nearly 3 billion people higher and a global economy that is over three‐times larger. 

Figure 2.5 ⊳ Total energy supply in the NZE 

 
IEA. All rights reserved.

Renewables and nuclear power displace most fossil fuel use in the NZE,  
and the share of fossil fuels falls from 80% in 2020 to just over 20% in 2050 

The energy mix in 2050 in the NZE is much more diverse than today. In 2020, oil provided 

30% of total energy supply, while coal supplied 26% and natural gas 23%. In 2050, renewables 

provide two‐thirds of energy use, split between bioenergy, wind, solar, hydroelectricity and 

geothermal (Figure 2.6). There is also a large increase in energy supply from nuclear power, 

which nearly doubles between 2020 and 2050. 

There are  large reductions  in the use of fossil  fuels  in the NZE. As a share of total energy 

supply, they fall from 80% in 2020 to just over 20% in 2050. However, their use does not fall 

to zero in 2050: significant amounts are still used in producing non‐energy goods, in plants 

with  CCUS,  and  in  sectors  where  emissions  are  especially  hard  to  abate  such  as  heavy 

industry and long‐distance transport. All remaining emissions in 2050 are offset by negative 

emissions elsewhere  (Box 2.2). Coal use  falls  from 5 250 million  tonnes of  coal equivalent 

(Mtce) in 2020 to 2 500 Mtce in 2030 and to less than 600 Mtce in 2050 – an average annual 

decline of 7% each year from 2020 to 2050. Oil demand dropped below 90 million barrels 

per day (mb/d) in 2020 and demand does not return to its 2019 peak: it falls to 72 mb/d in 

2030 and 24 mb/d in 2050 – an annual average decline of more than 4% from 2020 to 2050. 

Natural gas use dropped to 3 900 billion cubic metres (bcm) in 2020, but exceeds its previous 
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2019 peak in the mid‐2020s before starting to decline as it  is phased out in the electricity 

sector. Natural gas use declines to 3 700 bcm in 2030 and 1 750 bcm in 2050 – an annual 

average decline of just under 3% from 2020 to 2050. 

Figure 2.6 ⊳ Total energy supply of unabated fossil fuels and low-emissions 
energy sources in the NZE 

 
IEA. All rights reserved.

Some fossil fuels are still used in 2050 in the production of non-energy goods,  
in plants equipped with CCUS, and in sectors where emissions are hard to abate 

Note: Low‐emissions includes the use of fossil fuels with CCUS and in non‐energy uses. 

Box 2.2 ⊳ Why does fossil fuel use not fall to zero in 2050 in the NZE? 

In total, around 120 EJ of fossil fuels is consumed in 2050 in the NZE relative to 460 EJ in 

2020. Three main reasons underlie why fossil fuel use does not fall to zero in 2050, even 

though the energy sector emits no CO2 on a net basis: 

 Use for non‐energy purposes. More than 30% of total fossil fuel use in 2050 in the 

NZE – including 70% of oil use – is in applications where the fuels are not combusted 

and so do not result in any direct CO2 emissions (Figure 2.7). Examples include use 

as  chemical  feedstocks  and  in  lubricants,  paraffin  waxes  and  asphalt.  There  are 

major efforts  to  limit  fossil  fuel use  in  these applications  in  the NZE,  for  instance 

global plastic collection rates for recycling rising from 15% in 2020 to 55% in 2050, 

but fossil fuel use in non‐energy applications still rises slightly to 2050. 

 Use with CCUS. Around half of fossil fuel use in 2050 is in plants equipped with CCUS 

(around  3.5 Gt CO2  emissions  are  captured  from  fossil  fuels  in  2050).  Around 

925 bcm of  natural  gas  is  converted  to  hydrogen with  CCUS.  In  addition,  around 

470 Mtce of coal and 225 bcm of natural gas are used with CCUS in the electricity 

and industrial sectors, mainly to extend the operations of young facilities and reduce 

stranded assets. 
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 Use in sectors where technology options are scarce. The remaining 20% of fossil 

fuel use in 2050 in the NZE is in sectors where the complete elimination of emissions 

is  particularly  challenging.  Mostly  this  is  oil,  as  it  continues  to  fuel  aviation  in 

particular. A small amount of unabated coal and natural gas are used in industry and 

in  the  production  of  energy.  The  unabated  use  of  fossil  fuel  results  in  around 

1.7 Gt CO2 emissions in 2050, which are fully offset by BECCS and DACCS. 

Figure 2.7 ⊳ Fossil fuel use and share by sector in 2050 in the NZE 

 
IEA. All rights reserved. 

More than 30% of fossil fuel use in 2050 is not combusted and so does  
not result in direct CO2 emissions, around 50% is paired with CCUS 

Notes:  Non‐combustion  includes  use  for  non‐emitting,  non‐energy  purposes  such  as  petrochemical 

feedstocks, lubricants and asphalt. Energy production includes fuel use for direct air capture. 

Solid, liquid and gaseous fuels continue to play an important role in the NZE, which sees large 

increases in bioenergy and hydrogen (Figure 2.8). Around 40% of bioenergy used today is for 

the traditional use of biomass in cooking: this is rapidly phased out in the NZE. Modern forms 

of solid biomass, which can be used to reduce emissions in both the electricity and industry 

sectors, rise from 32 EJ in 2020 to 55 EJ in 2030 and 75 EJ in 2050, offsetting a large portion 

of a drop in coal demand. The use of low‐emissions liquid fuels, such as ammonia, synthetic 

fuels and liquid biofuels, increases from 3.5 EJ (1.6 million barrels of oil equivalent per day 

[mboe/d]) in 2020 to just above 25 EJ (12.5 mboe/d) in 2050. The supply of low‐emissions 

gases, such as hydrogen, synthetic methane, biogas and biomethane rises from 2 EJ in 2020 

to 17 EJ in 2030 and 50 EJ in 2050. The increase in gaseous hydrogen production between 

2020  and  2030  in  the  NZE  is  twice  as  fast  as  the  fastest  ten‐year  increase  in  shale  gas 

production in the United States.  
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Figure 2.8 ⊳ Solid, liquid and gaseous fuels in the NZE 

IEA. All rights reserved.

Increases in low-emissions solids, liquids and gases from bioenergy, hydrogen and 
hydrogen-based fuels offset some of the declines in coal, oil and natural gas 

Notes:  Hydrogen  conversion  losses  =  consumption  of  natural  gas  when  producing  low‐carbon  merchant 
hydrogen using steam methane reforming. Hydrogen‐based includes hydrogen, ammonia and synthetic fuels. 

2.4.2 Total final consumption 

Total final consumption worldwide rebounds marginally following its 5% drop in 2020, but it 

never returns to 2019 levels in the NZE (435 EJ). It falls by just under 1% each year on average 

between 2025 and 2050 to 340 EJ. Energy efficiency measures and electrification are the two 

main contributing factors, with behavioural changes and materials efficiency also playing a 

role.  Without  these  improvements,  final  energy  consumption  in  2050  would  be  around 

640 EJ,  around  90%  higher  than  the  level  in  the  NZE.  Final  consumption  of  electricity 

increases by 25% from 2020 to 2030, and by 2050 it is more than double the level in 2020. 

The increase in electricity consumption from end‐uses sectors and from hydrogen production 

means that overall annual electricity demand growth is equivalent to adding an electricity 

market the size of India every year in the NZE. The share of electricity in global final energy 

consumption jumps from 20% in 2020 to 26% in 2030 and to around 50% in 2050 (Figure 2.9). 

The direct use of renewables in buildings and industry together with low‐emissions fuels such 

as bioenergy and hydrogen‐based fuels provide a further 28% of final energy consumption 

in  2050;  fossil  fuels  comprise  the  remainder,  most  of  which  are  used  in  non‐emitting 

processes or in facilities equipped with CCUS. 

In industry, most of the global emissions reductions in the NZE during the period to 2030 are 

delivered through energy and materials efficiency improvements, electrification of heat, and 

fuel switching to solar thermal, geothermal and bioenergy. Thereafter, CCUS and hydrogen 

play an increasingly important role in reducing CO2 emissions, especially in heavy industries 

such as steel, cement and chemicals. Electricity consumption in industry more than doubles 

between 2020 and 2050, providing 45% of total industrial energy needs in 2050 (Figure 2.10). 
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The  demand  for  merchant  hydrogen  in  industry  increases  from  less  than  1 Mt  today  to 

around 40 Mt in 2050. A further 10% of industrial energy demand in 2050 is met by fossil 

fuels used in plants equipped with CCUS.  

Figure 2.9 ⊳ Global total final consumption by fuel in the NZE 

 
IEA. All rights reserved.

The share of electricity in final energy use jumps from 20% in 2020 to 50% in 2050  

Note: Hydrogen‐based includes hydrogen, ammonia and synthetic fuels. 

In transport, there is a rapid transition away from oil worldwide, which provided more than 

90% of fuel use in 2020. In road transport, electricity comes to dominate the sector, providing 

more  than  60%  of  energy  use  in  2050, while  hydrogen  and  hydrogen‐based  fuels  play  a 

smaller  role, mainly  in  fuelling  long‐haul heavy‐duty  trucks.  In  shipping, energy efficiency 

improvements  significantly  reduce  energy  needs  (especially  up  to  2030), while  advanced 

biofuels and hydrogen‐based fuels, such as ammonia,  increasingly displace oil.  In aviation, 

the use of  synthetic  liquids and advanced biofuels  grows  rapidly,  and  their  share of  total 

energy  demand  rises  from  almost  zero  today  to  almost  80%  in  2050.  Overall,  electricity 

becomes  the  dominant  fuel  in  the  transport  sector  globally  by  the  early  2040s,  and  it 

accounts for around 45% of energy consumption in the sector in 2050 (compared with 1.5% 

in  2020).  Hydrogen  and  hydrogen‐based  fuels  account  for  nearly  30%  of  consumption 

(almost zero in 2020) and bioenergy for a further 15% (around 4% in 2020). 

In buildings, the electrification of end‐uses including heating leads to demand for electricity 

increasing by around 35% between 2020 and 2050: it becomes the dominant fuel, reaching 

16 000 terawatt‐hours (TWh) in 2050, and accounting for two‐thirds of total buildings sector 

energy consumption. By 2050, two‐thirds of residential buildings in advanced economies and 

around 40% of residential buildings in emerging market and developing economies are fitted 

with a heat pump. Onsite renewables‐based energy systems such as solar water heaters and 

biomass boilers provide a further quarter of final energy use in the buildings sector in 2050 

(up from 6% in 2020). Low‐emissions district heating and hydrogen provide only 7% of energy 

use, but play a significant role in some regions.  
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Figure 2.10 ⊳ Global final energy consumption by sector and fuel in the NZE 

 
IEA. All rights reserved.

There is a wholesale shift away from unabated fossil fuel use to electricity, renewables, 
hydrogen and hydrogen-based fuels, modern bioenergy and CCUS in end-use sectors 

Note: Hydrogen‐based includes hydrogen, ammonia and synthetic fuels. 

Buildings energy consumption falls by 25% between 2020 and 2030, largely as a result of a 

major push to improve efficiency and to phase out the traditional use of solid biomass for 

cooking:  it  is  replaced  by  liquefied  petroleum  gas  (LPG),  biogas,  electric  cookers  and 

improved bioenergy stoves. Universal access to electricity is achieved by 2030, and this adds 

less than 1% to global electricity demand in 2030. Energy consumption in the buildings sector 

contracts by around 15% between 2030 and 2050 given continued efficiency improvements 

and  electrification.  By  2050,  energy  use  in  buildings  is  35%  lower  than  in  2020.  Energy 

efficiency  measures  –  including  improving  building  envelopes  and  ensuring  that  all  new 

appliances brought  to market are  the most efficient models available – play a key  role  in 

limiting  the  rise  in  electricity  demand  in  the  NZE.  Without  these  measures,  electricity 

demand in buildings would be around 10 000 TWh higher in 2050, or around 70% higher than 

the level in the NZE.  

How does the NZE compare with similar 1.5 °C scenarios 
assessed by the IPCC? 

The IPCC SR1.5 includes 90 individual scenarios that have at least a 50% chance of limiting 

warming in 2100 to 1.5 °C (IPCC, 2018).9 Only 18 of these scenarios have net‐zero CO2 

energy sector and industrial process emissions in 2050. In other words, only one‐in‐five 

of the 1.5 °C scenarios assessed by the IPCC have the same level of emissions reduction 

                                                                                                                                   
9 Includes 53 scenarios with no or limited temperature overshoot and 37 scenarios with a higher temperature 

overshoot. 
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ambition  for  the  energy  and  industrial  process  sectors  to  2050  as  the  NZE.10  Some 

comparisons between these 18 scenarios and the NZE in 2050 (Figure 2.11): 

Figure 2.11 ⊳ Comparison of selected indicators of the IPCC scenarios and 
the NZE in 2050  

IEA. All rights reserved.

The NZE has the lowest level of energy-related CDR and bioenergy of any scenario that 
achieves net-zero energy sector and industrial process CO2 emissions in 2050 

Notes: CCUS = carbon capture, utilisation and storage; CDR = carbon direct removal; TES = total energy 

supply; TFC = total final consumption. Energy‐related CDR includes CO2 captured through bioenergy with 
CCUS and direct air capture with CCUS and put into permanent storage. Wind and solar share are given 

as a percentage of total electricity generation. Only 17 of the 18 scenarios assessed by the IPCC report 

hydrogen use in TFC.  

 Use of CCUS. The scenarios assessed by the IPCC have a median of around 15 Gt CO2

captured using CCUS in 2050, more than double the level in the NZE.

 Use of CDR. CO2 emissions captured and stored from BECCS and DACCS in the IPCC

scenarios range from 3.5‐16 Gt CO2 in 2050, compared with 1.9 Gt CO2 in the NZE.

10 The low‐energy demand scenario has around 4.5 Gt CO2 energy sector and industrial process emissions in 

2050 and is not included in this comparison. 
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 Bioenergy. The IPCC scenarios use a median of 200 EJ of primary bioenergy in 2050

(compared with 63 EJ  today) and a number use more  than 300 EJ.  The NZE uses

100 EJ of primary bioenergy in 2050.

 Energy  efficiency.  Total  final  consumption  in  the  IPCC  scenarios  range  from

300‐550 EJ in 2050 (compared with around 410 EJ in 2020). The NZE has final energy

consumption of 340 EJ in 2050.

 Hydrogen.  The  IPCC  scenarios  have  a  median  of  18 EJ  hydrogen  in  total  final

consumption in 2050, compared with 33 EJ in the NZE.11

 Electricity generation. The shares of wind and solar in total electricity generation in

2050 in the IPCC scenarios range from around 15‐80% with a median value of 50%.

In the NZE, wind and solar provide 70% of total generation in 2050.

2.5 Key pillars of decarbonisation 

Achieving the rapid reduction in CO2 emissions over the next 30 years in the NZE requires a 

broad  range  of  policy  approaches  and  technologies  (Figure 2.12).  The  key  pillars  of 

decarbonisation  of  the  global  energy  system  are  energy  efficiency,  behavioural  changes, 

electrification, renewables, hydrogen and hydrogen‐based fuels, bioenergy and CCUS. 

Figure 2.12 ⊳ Emissions reductions by mitigation measure in the NZE, 2020-2050 

IEA. All rights reserved.

Solar, wind and energy efficiency deliver around half of emissions reductions to 2030 
 in the NZE, while electrification, CCUS and hydrogen ramp up thereafter 

Notes: Activity = energy service demand changes from economic and population growth. Behaviour = energy 
service demand changes from user decisions, e.g. changing heating temperatures. Avoided demand = energy 

service demand changes from technology developments, e.g. digitalisation. Other fuel shifts = switching from 

coal and oil to natural gas, nuclear, hydropower, geothermal, concentrating solar power or marine. 

11  The  NZE  value  for  hydrogen  includes  the  total  energy  content  of  hydrogen  and  hydrogen‐based  fuels 

consumed in final energy consumption. 
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2.5.1 Energy efficiency 

Minimising  energy  demand  growth  through  improvements  in  energy  efficiency  makes  a 

critical contribution in the NZE. Many efficiency measures in industry, buildings, appliances 

and transport can be put into effect and scaled up very quickly. As a result, energy efficiency 

measures  are  front‐loaded  in  the NZE,  and  they  play  their  largest  role  in  curbing  energy 

demand and emissions in the period to 2030. Although energy efficiency improves further 

after 2030, its contribution to overall emissions reductions falls as other mitigation measures 

play  an  expanding  role.  Without  the  energy  efficiency,  behavioural  changes  and 

electrification measures deployed  in  the NZE,  final energy consumption would be around 

300 EJ higher in 2050, almost 90% above the 2050 level in the NZE (Figure 2.13). Efficiency 

improvements also help reduce the vulnerability of businesses and consumers to potential 

disruptions to electricity supplies. 

Figure 2.13 ⊳ Total final consumption and demand avoided by mitigation 
measure in the NZE 

IEA. All rights reserved.

Energy efficiency plays a key role in reducing energy consumption across end-use sectors 

Notes: Other fuel switch includes switching to hydrogen‐related fuels, bioenergy, solar thermal, geothermal, 

or district heat. 

In the buildings sector, many efficiency measures yield financial savings as well as reducing 

energy  use  and  emissions.  In  the  NZE,  there  are  immediate  and  rapid  improvements  in 

energy efficiency in buildings, mainly from large‐scale retrofit programmes. Around 2.5% of 

existing residential buildings in advanced economies are retrofitted each year to 2050 in the 

NZE to comply with zero‐carbon‐ready building standards12 (compared with a current retrofit 

rate of less than 1%). In emerging market and developing economies, building replacement 

12 A zero‐carbon‐ready building is highly energy efficient and uses either renewable energy directly or from an 

energy supply that will be fully decarbonised by 2050 in the NZE (such as electricity or district heat). A zero‐
carbon‐ready building will become a zero‐carbon building by 2050, without further changes to the building or 

its equipment (see Chapter 3). 
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rates are higher and the annual rate of retrofits is around 2% through to 2050. By 2050, the 

vast majority  of  existing  residential  buildings  are  retrofitted  to  be  zero‐carbon  buildings. 

Energy‐related building codes are introduced in all regions by 2030 to ensure that virtually 

all  new  buildings  constructed  are  zero‐carbon‐ready.  Minimum  energy  performance 

standards  and  replacement  schemes  for  low‐efficiency  appliances  are  introduced  or 

strengthened in the 2020s in all countries. By the mid‐2030s, nearly all household appliances 

sold worldwide are as efficient as the most efficient models available today. 

In    the    transport    sector,    stringent    fuel‐economy    standards    and    ensuring    no    new  

passenger cars running on  internal combustion engines (ICEs) are sold globally from 2035 

result in a rapid shift in vehicle sales toward much more efficient electric vehicles (EVs).13 The 

impact on efficiency is seen in the 2030s, as the composition of the vehicle stock changes: 

electric cars make up 20% of all cars on the road in 2030 and 60% in 2040 (compared with 

1% today). Continuous improvements in the fuel economy of heavy road vehicles take place 

through to 2050 as they switch to electricity or fuel cells, while efficiency  in shipping and 

aviation improves as more efficient planes and ships replace existing stock.  

In the industry sector, most manufacturing stock is already quite efficient, but there are still 

opportunities  for  energy  efficiency  improvements.  Energy  management  systems, 

best‐in‐class industrial equipment such as electric motors, variable speed drives, heaters and 

grinders  are  installed,  and  process  integration  options  such  as  waste  heat  recovery  are 

exploited to their maximum economic potentials in the period to 2030 in the NZE. After 2030, 

the  rate  of  efficiency  improvement  slows  because  many  of  the  technologies  needed  to 

reduce  emissions  in  industry  in  the  NZE  require  more  energy  than  their  equivalent 

conventional technologies. The use of CCUS, for example, increases energy consumption to 

operate  the  capture  equipment,  and  producing  electrolytic  hydrogen  on‐site  requires 

additional energy than that needed for the main manufacturing process. 

Table 2.3 ⊳ Key global milestones for energy efficiency in the NZE 

Sector   2020  2030  2050 

Total energy supply  2010‐20  2020‐30  2030‐50 

Annual energy intensity improvement (MJ per USD GDP)  ‐1.6%  ‐4.2%  ‐2.7% 

Industry     

Energy intensity of direct reduced iron from natural gas (GJ per tonne)  12  11  10 

Process energy intensity of primary chemicals (GJ per tonne)  17  16  15 

Transport     

Average fuel consumption of ICE heavy trucks fleet (index 2020=100) 100 81  63 

Buildings       

Share of zero‐carbon‐ready buildings in total stock  <1%  25%  >85% 

New buildings: heating & cooling energy consumption (index 2020=100) 100 50  20 

Appliances: unit energy consumption (index 2020=100) 100 75  60 

Notes: ICE = internal combustion engine; zero‐carbon‐ready buildings = see description in section 3.7. 

                                                                                                                                   
13 In 2020, the average battery electric car required around 30% of the energy of the average ICE car to provide 

the same level of activity.  
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2.5.2 Behavioural change 

The wholescale  transformation  of  the  energy  sector  demonstrated  in  the NZE  cannot  be 

achieved without the active and willing participation of citizens. It is ultimately people who 

drive  demand  for  energy‐related  goods  and  services,  and  societal  norms  and  personal 

choices will play a pivotal role in steering the energy system onto a sustainable path. Just 

under  40%  of  emissions  reductions  in  the  NZE  result  from  the  adoption  of  low‐carbon 

technologies  that  require  massive  policy  support  and  investment  but  little  direct 

engagement from citizens or consumers, e.g. technologies in electricity generation or steel 

production. A further 55% of emissions reductions require a mixture of the deployment of 

low‐carbon  technologies  and  the  active  involvement  or  engagement  of  citizens  and 

consumers,  e.g.  installing  a  solar  water  heater  or  buying  an  EV.  A  final  8%  of  emissions 

reductions stem from behavioural changes and materials efficiency gains that reduce energy 

demand,  e.g.  flying  less  for  business  purposes  (Figure 2.14).  Consumer  attitudes  can  also 

impact investment decisions by businesses concerned about public image.  

In the NZE, behavioural change refers to changes in ongoing or repeated behaviour on the 

part of consumers which impact energy service demand or the energy intensity of an energy‐

related activity.14 Reductions in energy service demand in the NZE also come from advances 

in technology, but these are not counted as behavioural changes. For example,  increased 

digitalisation and a growing market share of smart appliances, such as smart thermostats or 

space‐differentiated thermal controls reduce the necessity for people to play an active role 

in energy saving in homes over time in the NZE.  

There  are  three main  types  of  behavioural  change  included  in  the NZE.  A wide  range  of 

government interventions could be used to motivate these changes (see section 2.7.1). 

 Reducing  excessive  or  wasteful  energy  use.  This  includes  reducing  energy  use  in 

buildings and on roads, e.g. by reducing indoor temperature settings, adopting energy 

saving practices in homes and limiting driving speeds on motorways to 100 kilometres 

per hour.  

 Transport mode switching. This includes a shift to cycling, walking, ridesharing or taking 

buses  for  trips  in  cities  that  would  otherwise  be  made  by  car,  as  well  as  replacing 

regional  air  travel by high‐speed  rail  in  regions where  this  is  feasible. Many of  these 

types of behavioural changes would represent a break in familiar or habitual ways of life 

and as such would require a degree of public acceptance and even enthusiasm. Many 

would also require new infrastructure, such as cycle lanes and high‐speed rail networks, 

clear policy support and high quality urban planning. 

 Materials efficiency gains. This includes reduced demand for materials, e.g. higher rates 

of recycling, and improved design and construction of buildings and vehicles. The scope 

for gains to some extent reflects societal preferences. For instance, in some places there 

                                                                                                                                   
14 This means, for example, that purchasing an electric heat pump instead of a gas boiler is not considered as 
a  behavioural  change,  as  it  is  both  an  infrequent  event  and  does  not  necessarily  impact  energy  service 

demand. 
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has been a shift away from the use of single‐use plastics in recent years, a trend that 

accelerates in the NZE. Gains in materials efficiency depend on a mixture of technical 

innovation  in manufacturing and buildings construction, standards and regulations to 

support best‐practice and ensure universal adoption of these innovations, and increased 

recycling in society at large. 

Figure 2.14 ⊳ Role of technology and behavioural change in emissions 
reductions in the NZE  

 
IEA. All rights reserved.

Around 8% of emissions reductions stem from behavioural changes and materials efficiency

Notes: Low‐carbon technologies include low‐carbon electricity generation, low‐carbon gases in end‐uses and 
biofuels.  Low‐carbon  technologies  with  the  active  involvement  of  citizens  includes  fuel  switching, 

electrification  and  efficiency  gains  in  end‐uses.  Behavioural  changes  and  materials  efficiency  includes 

transport mode switching, curbing excessive or wasteful energy use, and materials efficiency measures.  

Three‐quarters  of  the  emissions  reductions  from  behavioural  changes  in  the  NZE  are 

achieved through targeted government policies supported by infrastructure development, 

e.g.  a  shift  to  rail  travel  supported  by  high‐speed  railways.  The  remainder  come  from 

adopting voluntary changes in energy saving habits, mainly in homes. Even in this case, public 

awareness campaigns can help shape day‐to‐day choices about how consumers use energy. 

(Details of what governments can do to help bring about behavioural changes are discussed 

in Chapter 4).  

Behavioural changes reduce energy‐related activity by around 10‐15% on average over the 

period  to  2050  in  the NZE,  reducing overall  global  energy demand by over  37 EJ  in  2050 

(Figure 2.15). In 2030, around 1.7 Gt CO2 emissions are avoided, 45% of which come from 

transport,  notably  through measures  to  phase  out  car  use  in  cities  and  to  improve  fuel 

economy. For example, reducing speed limits on motorways to 100 km/h reduces emissions 

from road transport by 3% or 140 Mt CO2 in 2030. A shift away from single occupancy car use 

towards ridesharing or cycling and walking in large cities saves a further 185 Mt CO2. Around 
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40% of emissions savings  in 2030 occur  in  industry because of  improvements  in materials 

efficiency and increased recycling, with the biggest impacts coming from reducing waste and 

improving the design and construction of buildings. The remainder of emissions savings in 

2030 are  from behavioural changes  in buildings,  for example adjusting space heating and 

cooling temperatures. 

Figure 2.15 ⊳ CO2 emissions and energy demand reductions from  
behavioural changes and materials efficiency in the NZE 

 
IEA. All rights reserved.

By 2030, behaviour changes and materials efficiency gains reduce emissions by 
1.7 Gt CO2, and energy demand by 27 EJ; reductions increase further through to 2050 

In  2050,  the  growing  importance  of  low‐emissions  electricity  and  fuels  in  transport  and 

buildings means that 90% of emissions reductions are  in  industry, predominantly  in those 

sectors where  it  is most challenging to tackle emissions directly. Material efficiency alone 

reduces demand for cement and steel by 20%, saving around 1 700 Mt CO2. Of the emissions 

reductions  in  transport  in  2050,  nearly  80%  come  from  measures  to  reduce  passenger 

aviation demand, with the remainder from road transport.  

The scope, scale and speed of adoption of the behavioural changes in the NZE varies widely 

between regions, depending on several factors including the ability of existing infrastructure 

to support such changes and differences in geography, climate, urbanisation, social norms 

and cultural values. For example, regions with high levels of private car use today see a more 

gradual shift than others towards public transport, shared car use, walking and cycling; air 

travel is assumed to switch to high‐speed rail on existing or potential routes only where trains 

could  offer  a  similar  journey  time;  and  the  potential  for  moderating  air  conditioning  in 

buildings and vehicles takes into account seasonal effects and humidity. Wealthier regions 

generally have higher levels of per capita energy‐related activity, and behavioural changes 

play an especially important role in these regions in reducing excessive or wasteful energy 

consumption. 
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Most of the behavioural changes in the NZE would have some effect on nearly everyone’s 

daily  life, but none represents a radical departure from energy‐reducing practices already 

experienced in many parts of the world today. For example, in Japan an awareness campaign 

has  successfully  reduced  cooling  demand  in  line  with  the  reductions  assumed  in  many 

regions in the NZE by 2040; legislation to limit urban car use has been introduced in many 

large cities; and speed limit reductions to around 100 km/h (the level adopted globally in the 

NZE by 2030) have been tested in the United Kingdom and Spain to reduce air pollution and 

improve safety. 

Table 2.4 ⊳ Key global milestones for behavioural change in the NZE  

Sector   Year  Milestone 

Industry  2020   Global average plastics collection rate = 17%.  

  2030   Global average plastics collection rate = 27%.  
 Lightweighting reduces the weight of an average passenger car by 10%. 

  2050   Global average plastics collection rate = 54%. 
 Efficiency of fertiliser use improved by 10%. 

Transport  2030   Eco‐driving and motorway speed limits of 100 km/h introduced. 

 Use of ICE cars phased out in large cities. 

  2050   Regional flights are shifted to high‐speed rail where feasible.  
 Business and long‐haul leisure air travel does not exceed 2019 levels. 

Buildings  2030   Space heating temperatures moderated to 19‐20 °C on average.  

 Space cooling temperatures moderated to 24‐25°C on average.  

 Excessive hot‐water temperatures reduced. 

  2050   Use of energy‐intensive materials per unit of floor area decreases by 30%. 

 Building lifetime extended by 20% on average.  

Note: Eco‐driving involves pre‐emptive stopping and starting; ICE = internal combustion engine. 

2.5.3 Electrification 

The direct use of low‐emissions electricity in place of fossil fuels is one of the most important 

drivers of emissions reductions in the NZE, accounting for around 20% of the total reduction 

achieved by 2050. Global electricity demand more than doubles between 2020 and 2050, 

with the largest absolute rise  in electricity use in end‐use sectors taking place in  industry, 

which registers an increase of more than 11 000 TWh between 2020 and 2050. Much of this 

is  due  to  the  increasing  use  of  electricity  for  low‐  and medium‐temperature  heat  and  in 

secondary scrap‐based steel production (Figure 2.16). 

In transport, the share of electricity increases from less than 2% in 2020 to around 45% in 

2050  in  the  NZE.  More  than  60%  of  total  passenger  car  sales  globally  are  EVs  by  2030 

(compared with 5% of sales in 2020), and the car fleet is almost fully electrified worldwide 

by 2050 (the remainder are hydrogen‐powered cars). The increase in electric passenger car 

sales globally over the next ten years is over twenty‐times higher than the increase in ICE car 

sales over the last decade. Electrification is slower for trucks because it depends on higher 
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density  batteries  than  those  currently  available  on  the  market,  especially  for  long‐haul 

trucking,  and  on  new  high‐power  charging  infrastructure:  electric  trucks  nevertheless 

account for around 25% of total heavy truck sales globally by 2030 and around two‐thirds in 

2050. The electrification of shipping and aviation is much more limited and only gets under 

way after large improvements in battery energy density (see section 3.6) (Figure 2.17). In the 

NZE, demand for batteries for transport reaches around 14 TWh in 2050, 90‐times more than 

in 2020. Growth in battery demand translates into an increasing demand for critical minerals. 

For example, demand for lithium for use in batteries grows 30‐fold to 2030 and is more than 

100‐times higher in 2050 than in 2020 (IEA, 2021). 

Figure 2.16 ⊳ Global electricity demand and share of electricity in  
energy consumption in selected applications in the NZE 

 
IEA. All rights reserved.

Global electricity demand more than doubles in the period to 2050,  
with the largest rises to produce hydrogen and in industry 

Notes: Merchant  hydrogen  =  hydrogen  produced  by  one  company  to  sell  to  others.  Light‐duty  vehicles  = 
passenger cars and vans. Heavy trucks = medium‐freight trucks and heavy‐freight trucks. 

In  buildings,  electricity  demand  is moderated  in  the NZE  by  a  huge  push  to  improve  the 

efficiency  of  appliances,  cooling,  lighting  and  building  envelopes.  But  a  large  increase  in 

activity, along with the widespread electrification of heating through the use of heat pumps, 

means that electricity demand in buildings still rises steadily over the period reaching 66% of 

total energy consumption in buildings in 2050. 

Alongside the growth in the direct use of electricity in end‐use sectors, there is also a huge 

increase  in  the  use  of  electricity  for  hydrogen  production. Merchant  hydrogen  produced 

using  electrolysis  requires  around  12 000 TWh  in  2050  in  the NZE, which  is  greater  than 

current total annual electricity demand of China and the United States combined. 
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Figure 2.17 ⊳ Battery demand growth in transport and battery energy density 
in the NZE 

 
IEA. All rights reserved.

Nearly 20 battery giga-factories open every year to 2030 to satisfy battery demand  
for electric cars in the NZE; higher density batteries are needed to electrify long-haul trucks 

Notes: Li‐S = lithium‐sulphur battery; Wh per kg = Watt hours per kilogramme. 

The acceleration of electricity demand growth from 2% per year over the past decade to 3% 

per year through to 2050, together with a significantly increased share of variable renewable 

electricity generation, means that annual electricity sector investment in the NZE is three‐

times higher on average than  in recent years. The rise  in electricity demand also calls  for 

extensive  efforts  to  ensure  the  stability  and  flexibility  of  electricity  supply  through 

demand‐side management,  the operation of  flexible  low‐emissions  sources of  generation 

including hydropower and bioenergy, and battery storage. 

Table 2.5 ⊳ Key global milestones for electrification in the NZE 

Sector   2020 2030 2050 

Share of electricity in total final consumption  20%  26%  49% 

Industry   

Share of steel production using electric arc furnace  24%  37%  53% 

Electricity share of light industry  43%  53%  76% 

Transport       

Share of electric vehicles in stock:  cars 1% 20% 86% 

  two/three‐wheelers  26%  54%  100% 

  bus  2%  23%  79% 

  vans  0%  22%  84% 

  heavy trucks  0%  8%  59% 

Annual battery demand for electric vehicles (TWh)  0.16  6.6  14 

Buildings       

Heat pumps installed (millions)  180  600  1 800 

Share of heat pumps in energy demand for heating  7%  20%  55% 

Million people without access to electricity  786  0  0 
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2.5.4 Renewables 

At  a  global  level,  renewable energy  technologies  are  the  key  to  reducing emissions  from 

electricity supply. Hydropower has been a leading low‐emission source for many decades, 

but it is mainly the expansion of wind and solar that triples renewables generation by 2030 

and increases it more than eightfold by 2050 in the NZE. The share of renewables in total 

electricity generation globally increases from 29% in 2020 to over 60% in 2030 and to nearly 

90%  in  2050  (Figure 2.18).  To  achieve  this,  annual  capacity  additions  of  wind  and  solar 

between 2020 and 2050 are  five‐times higher than the average over the  last  three years. 

Dispatchable  renewables  are  critical  to maintain  electricity  security,  together  with  other 

low‐carbon generation, energy storage and robust electricity networks. In the NZE, the main 

dispatchable  renewables  globally  in  2050  are  hydropower  (12%  of  generation), 

bioenergy (5%), concentrating solar power (2%) and geothermal (1%).  

Figure 2.18 ⊳ Fuel shares in total energy use in selected applications in the NZE 

IEA. All rights reserved.

Renewables are central to emissions reductions in electricity, and they make major 
contributions to cut emissions in buildings, industry and transport both directly and indirectly 

Notes: Indirect renewables = use of electricity and district heat produced by renewables. Other low‐carbon 
= nuclear power, facilities equipped with CCUS, and low‐carbon hydrogen and hydrogen‐based fuels. 
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Renewables  also  play  an  important  role  in  reducing  emissions  in  buildings,  industry  and 

transport. Renewables can be used either  indirectly, via  the consumption of electricity or 

district heating that was produced by renewables, or directly, mainly to produce heat.  

In transport, renewables play an important indirect role in reducing emissions by generating 

the electricity to power electric vehicles. They also contribute to direct emissions reductions 

through the use of liquid biofuels and biomethane. 

In buildings, renewable energy is mainly used for water and space heating. The direct use of 

renewable energy rises from about 10% of heating demand globally in 2020 to 40% in 2050, 

about three‐quarters of the increase is in the form of solar thermal and geothermal. Deep 

retrofits and energy‐related building codes are paired with renewables whenever possible: 

almost all buildings with available roof space and sufficient solar insolation are equipped with 

solar thermal water heaters by 2050, as they are more productive per square metre than 

solar PV and as heat storage in water tanks is generally more cost‐effective than storage of 

electricity.  Rooftop  solar  PV,  which  produces  renewable  electricity  onsite,  is  currently 

installed  on  around  25 million  rooftops  worldwide;  the  number  increases  to  100 million 

rooftops by 2030 and 240 million by 2050. A  further 15% of heating  in buildings  in 2030 

comes indirectly from renewables in the form of electricity, and this rises to almost 40% in 

2050. 

In  industry, bioenergy  is the most  important direct renewable energy source for  low‐ and 

medium‐temperature  needs  in  the NZE.  Solar  thermal  and  geothermal  also  produce  low 

temperature heat  for use  in non‐energy‐intensive  industries and ancillary or downstream 

processes  in heavy  industries. Bioenergy,  solar  thermal  and geothermal  together provide 

about 15% of  industry heat demand in 2030, roughly double their share in 2010, and this 

increases to 40% in 2050. The indirect use of renewable energy via electricity adds 15% to 

the contribution that renewables make to total industry energy use in 2050. 

Table 2.6 ⊳ Key deployment milestones for renewables 

Sector   2020  2030  2050 

Electricity sector       

Renewables share in generation  29%  61%  88% 

Annual capacity additions (GW):  Total solar PV  134  630  630 

               Total wind  114  390  350 

            – of which: Offshore wind  5  80  70 

               Dispatchable renewables  31  120  90 

End‐uses sectors       

Renewable share in TFC  5%  12%  19% 

Households with rooftop solar PV (million)  25  100  240 

Share of solar thermal and geothermal in buildings  2%  5%  12% 

Share of solar thermal and geothermal in industry final consumption 0%  1%  2% 

Note: TFC = total final consumption. 
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2.5.5 Hydrogen and hydrogen‐based fuels 

The initial focus for hydrogen use in the NZE is the conversion of existing uses of fossil energy 

to  low‐carbon  hydrogen  in ways  that  do  not  immediately  require  new  transmission  and 

distribution infrastructure. This includes hydrogen use in industry and in refineries and power 

plants, and the blending of hydrogen into natural gas for distribution to end‐users. 

Global hydrogen use expands from less than 90 Mt in 2020 to more than 200 Mt in 2030; the 

proportion of  low‐carbon hydrogen  rises  from 10%  in 2020  to 70%  in 2030  (Figure 2.19). 

Around half of low‐carbon hydrogen produced globally in 2030 comes from electrolysis and 

the remainder from coal and natural gas with CCUS, although this ratio varies substantially 

between  regions.  Hydrogen  is  also  blended with  natural  gas  in  gas  networks:  the  global 

average blend in 2030 includes 15% of hydrogen in volumetric terms, reducing CO2 emissions 

from gas consumption by around 6%. 

Figure 2.19 ⊳ Global hydrogen and hydrogen-based fuel use in the NZE 

 
IEA. All rights reserved.

The initial focus for hydrogen is to convert existing uses to low-carbon hydrogen;  
hydrogen and hydrogen-based fuels then expand across all end-uses 

Note: Includes hydrogen and hydrogen contained in ammonia and synthetic fuels. 

These developments facilitate a rapid scaling up of electrolyser manufacturing capacity and 

the parallel development of new hydrogen transport infrastructure. This leads to rapid cost 

reductions  for  electrolysers  and  for  hydrogen  storage,  notably  in  salt  caverns.  Stored 

hydrogen  is  used  to  help  balance  both  seasonal  fluctuations  in  electricity  demand  and 

imbalances  that may  arise  between  the  demand  for  hydrogen  and  its  supply  by  off‐grid 

renewable  systems. During  the  2020s,  there  is  also  a  large  increase  in  the  installation  of 

end‐use equipment for hydrogen, including more than 15 million hydrogen fuel cell vehicles 

on the road by 2030.  
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After  2030,  low‐carbon  hydrogen  use  expands  rapidly  in  all  sectors  in  the  NZE.  In  the 

electricity  sector,  hydrogen  and  hydrogen‐based  fuels  provide  an  important  low‐carbon 

source of electricity system flexibility, mainly through retrofitting existing gas‐fired capacity 

to co‐fire with hydrogen, together with some retrofitting of coal‐fired power plants to co‐fire 

with ammonia. Although these fuels provide only around 2% of overall electricity generation 

in 2050, this translates into very large volumes of hydrogen and makes the electricity sector 

an important driver of hydrogen demand. In transport, hydrogen provides around one‐third 

of fuel use in trucks in 2050 in the NZE: this is contingent on policy makers taking decisions 

that  enable  the  development  of  the  necessary  infrastructure  by  2030.  By  2050, 

hydrogen‐based fuels also provide more than 60% of total fuel consumption in shipping. 

Of  the  530 Mt  of  hydrogen  produced  in  2050,  around  25%  is  produced within  industrial 

facilities (including refineries), and the remainder is merchant hydrogen (hydrogen produced 

by one company to sell  to others). Almost 30% of  the  low‐carbon hydrogen used  in 2050 

takes the form of hydrogen‐based fuels, which include ammonia and synthetic liquids and 

gases. An increasing share of hydrogen production comes from electrolysers, which account 

for 60% of total production in 2050. Electrolysers are powered by grid electricity, dedicated 

renewables  in  regions with  excellent  renewable  resources  and  other  low‐carbon  sources 

such as nuclear power. Rolling out electrolysers  at  the pace  required  in  the NZE  is  a  key 

challenge given the lack of manufacturing capacity today, as  is ensuring the availability of 

sufficient electricity generation capacity. Global trade in hydrogen develops over time in the 

NZE, with large volumes exported from gas and renewables‐rich areas  in the Middle East, 

Central and South America and Australia to demand centres in Asia and Europe. 

Table 2.7 ⊳ Key deployment milestones for hydrogen and hydrogen-based fuels 

Sector   2020  2030  2050 

Total production hydrogen‐based fuels (Mt)  87  212  528 

Low‐carbon hydrogen production  9  150  520 

    share of fossil‐based with CCUS  95% 46% 38% 

    share of electrolysis‐based  5%  54%  62% 

Merchant production  15  127  414 

Onsite production 73 85 114 

Total consumption hydrogen‐based fuels (Mt)  87  212  528 

Electricity  0 52 102 

    of which hydrogen  0  43  88 

    of which ammonia  0  8  13 

Refineries  36 25 8 

Buildings and agriculture  0  17  23 

Transport  0  25  207 

    of which hydrogen  0 11 106 

    of which ammonia  0  5  56 

    of which synthetic fuels  0  8  44 

Industry  51 93 187 

Note: Hydrogen‐based fuels are reported in million tonnes of hydrogen required to produce them.  
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2.5.6 Bioenergy 

Global primary demand for bioenergy was almost 65 EJ  in 2020, of which about 90% was 

solid biomass. Some 40% of the solid biomass was used in traditional cooking methods which 

is unsustainable, inefficient and polluting, and was linked to 2.5 million premature deaths in 

2020. The use of solid biomass in this manner falls to zero by 2030 in the NZE, to achieve the 

UN Sustainable Development Goal 7. Increases in all forms of modern bioenergy more than 

offset  this, with  production  rising  from  less  than  40 EJ  in  2020  to  around  100 EJ  in  2050 

(Figure 2.20).15 All bioenergy in 2050 comes from sustainable sources and the figures in the 

NZE  for  total  bioenergy  use  are  well  below  estimates  of  global  sustainable  bioenergy 

potential, thus avoiding the risk of negative impacts on biodiversity, fresh water systems, and 

food prices and availability (see section 2.7.2). 

Figure 2.20 ⊳ Total bioenergy supply in the NZE 

 
IEA. All rights reserved.

Modern bioenergy use rises to 100 EJ in 2050, meeting almost 20% of total energy needs. 
Global demand in 2050 is well below the assessed sustainable potential 

Notes: TES = Total energy supply. Conversion losses occur during the production of biofuels and biogases. 

Modern solid bioenergy use rises by about 3% each year on average to 2050. In the electricity 

sector, where demand reaches 35 EJ in 2050, solid bioenergy provides flexible low‐emissions 

generation to complement generation from solar PV and wind, and it removes CO2 from the 

atmosphere when equipped with CCUS. In 2050, electricity generation using bioenergy fuels 

reaches 3 300 TWh, or 5% of total generation. Bioenergy also provides around 50% of district 

heat production. In industry, where demand reaches 20 EJ in 2050, solid bioenergy provides 

high  temperature heat and can be co‐fired with coal  to  reduce the emissions  intensity of 

                                                                                                                                   
15 Modern bioenergy includes biogases, liquid biofuels and modern solid biomass harvested from sustainable 

sources. It excludes the traditional use of biomass. 
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existing generation assets. Demand  is highest  for paper and cement production:  in 2050, 

bioenergy meets 60% of energy demand in the paper sector and 30% of energy demand for 

cement production. Modern solid bioenergy demand in buildings increases to nearly 10 EJ in 

2030, most of it for use in improved cookstoves as unsustainable traditional uses of biomass 

disappear.  Bioenergy  is  also  increasingly  used  for  space  and  water  heating  in  advanced 

economies.  

Household and village biogas digesters in rural areas provide a source of renewable energy 

and clean cooking for nearly 500 million households by 2030 in the NZE and total biogas use 

rises  to  5.5 EJ  in  2050  (from under  2 EJ  in  2020).16  Biomethane  demand  grows  to  8.5 EJ, 

thanks  to blending mandates  for gas networks, with average blending  rates  increasing  to 

above 80% in many regions by 2050. Half of total biomethane use is in the industry sector, 

where  biomethane  replaces  natural  gas  as  a  source  of  process  heat.  The  buildings  and 

transport  sectors  each  account  for  around  a  further  20% of  biomethane  consumption  in 

2050. 

One of the key advantages of bioenergy is that it can use existing infrastructure. For example, 

biomethane  can  use  existing  natural  gas  pipelines  and  end‐user  equipment,  while many 

drop‐in liquid biofuels can use existing oil distribution networks and be used in vehicles with 

only minor  or  limited  alterations.  BioLPG  –  LPG  derived  from  renewable  feedstocks  –  is 

identical  to  conventional  LPG  and  so  can  be  blended  and  distributed  in  the  same  way. 

Sustainable bioenergy also provides a valuable source of employment and income for rural 

communities,  reduces undue burdens on women often  tasked with  fuel collection, brings 

health  benefits  from  reduced  air  pollution  and  proper  waste management,  and  reduces 

methane emissions from inefficient combustion and the decomposition of waste. 

Liquid biofuel consumption rises from 1.6 mboe/d in 2020 to 6 mboe/d in 2030 in the NZE, 

mainly  used  in  road  transport.  After  2030,  liquid  biofuels  grow  more  slowly  to  around 

7 mboe/d  in  2050  and  their  use  shifts  to  shipping  and  aviation  as  electricity  increasingly 

dominates road transport. Almost half of liquid biofuel use in 2050 is for aviation, where bio‐

kerosene accounts for around 45% of total fuel use in aircraft.  

Bioenergy  with  carbon  capture  and  storage  (BECCS)  plays  a  critical  role  in  the  NZE  in 

offsetting emissions from sectors where the full elimination of emissions is very difficult to 

achieve. In 2050, around 10% of total bioenergy is used in facilities equipped with CCUS and 

around 1.3 Gt CO2 is captured using BECCS. Around 45% of this CO2 is captured in biofuels 

production,  40%  in  the  electricity  sector  and  the  rest  in  heavy  industry,  notably  cement 

production.  

 

 

                                                                                                                                   
16 Biogas is a mixture of methane, CO2 and small quantities of other gases produced by anaerobic digestion of 
organic matter in an oxygen free environment. Biomethane is a near pure source of methane produced either 

by removing CO2 and other contaminants from biogas or through the gasification of solid biomass (IEA, 2020b). 
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Table 2.8 ⊳ Key deployment milestones for bioenergy 

   2020 2030 2050 

Total energy supply (EJ)  63  72  102 

Share of advanced biomass feedstock  27%  85%  97% 

Modern gaseous bioenergy (EJ)  2.1  5.4  13.7 

    Biomethane  0.3  2.3  8.3 

Modern liquid bioenergy (mboe/d)  1.6  6.0  7.0 

    Advanced biofuels  0.1  2.7  6.2 

Modern solid bioenergy (EJ)  32  54  74 

Traditional use of solid biomass (EJ)  25  0  0 

Million people using traditional biomass for cooking  2 340  0  0 

Notes: mboe/d  = million  barrels  of  oil  equivalent  per  day.  Bioenergy  from  forest  plantings  is  considered 
advanced when forests are sustainably managed (see section 2.7.2). 

2.5.7 Carbon capture, utilisation and storage 

CCUS  can  facilitate  the  transition  to  net‐zero  CO2  emissions  by:  tackling  emissions  from 

existing assets; providing a way  to address emissions  from some of  the most  challenging 

sectors;  providing  a  cost‐effective  pathway  to  scale  up  low‐carbon  hydrogen  production 

rapidly; and allowing for CO2 removal from the atmosphere through BECCS and DACCS. 

In the NZE, policies support a range of measures to establish markets for CCUS investment 

and to encourage use of shared CO2 transport and storage infrastructure by those involved 

in the production of hydrogen and biofuels, the operation of industrial hubs, and retrofitting 

of existing coal‐fired power plants. Capture volumes in the NZE increase marginally over the 

next  five  years  from  the  current  level  of  around  40 Mt  CO2  per  year,  reflecting  projects 

currently under development, but there is a rapid expansion over the following 25 years as 

policy action bears fruit. By 2030, 1.6 Gt CO2 per year is captured globally, rising to 7.6 Gt CO2 

in  2050  (Figure 2.21).  Around  95%  of  total  CO2  captured  in  2050  is  stored  in  permanent 

geological storage and 5% is used to provide synthetic fuels. Estimates of global geological 

storage  capacity  are  considerably  above  what  is  necessary  to  store  the  cumulative  CO2 

captured and stored in the NZE. A total of 2.4 Gt CO2 is captured in 2050 from the atmosphere 

through  bioenergy  with  CO2  capture  and  direct  air  capture,  of  which  1.9 Gt CO2  is 

permanently stored and 0.5 Gt CO2 is used to provide synthetic fuels in particular for aviation. 

Energy‐related  and process CO2 emissions  in  industry  account  for  almost 40% of  the CO2 

captured  in  2050  in  the  NZE.  CCUS  is  particularly  important  for  cement  manufacturing. 

Although efforts are pursued in the NZE to produce cement more efficiently, CCUS remains 

central to efforts to limit the process emissions that occur during cement manufacturing. The 

electricity sector accounts for almost 20% of the CO2 captured in 2050 (of which around 45% 

is  from  coal‐fired  plants,  40%  from  bioenergy  plants  and  15%  from  gas‐fired  plants). 

CCUS‐equipped power plants contribute just 3% of total electricity generation in 2050 but 

the volumes of CO2 captured are comparatively large. In emerging market and developing 

economies, where large numbers of coal power plants have been built relatively recently, 
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retrofits  play  an  important  role  where  there  are  storage  opportunities.  In  advanced 

economies, gas‐fired plants with CCUS play a bigger role, providing dispatchable electricity 

at relatively low cost in regions with cheap natural gas and existing networks. In 2030, around 

50 GW of coal‐fired power plants (4% of the total at that time) and 30 GW of natural gas 

power plants  (1% of  the  total) are equipped with CCUS, and this  rises  to 220 GW of coal 

(almost half of  the  total) and 170 GW of natural gas  (7% of  the  total) capacity  in 2050. A 

further 30% of CO2 captured  in 2050 comes from fuel transformation,  including hydrogen 

and biofuels  production  as well  as  oil  refining.  The  remaining  10%  is  from DAC, which  is 

rapidly scaled up from several of pilot projects today to 90 Mt CO2 per year in 2030 and just 

under 1 Gt CO2 per year by 2050. 

Figure 2.21 ⊳ Global CO2 capture by source in the NZE 

 
IEA. All rights reserved.

By 2050, 7.6 Gt of CO2 is captured per year from a diverse range of sources. A total of 2.4 Gt 
CO2 is captured from bioenergy use and DAC, of which 1.9 Gt CO2 is permanently stored. 

Table 2.9 ⊳ Key global milestones for CCUS 

2020  2030  2050 

Total CO2 captured (Mt CO2)  40  1 670  7 600 

CO2 captured from fossil fuels and processes  39  1 325  5 245 

     Power  3  340  860 

     Industry  3  360  2 620 

     Merchant hydrogen production  3  455  1 355 

     Non‐biofuels production  30  170  410 

CO2 captured from bioenergy  1  255  1 380 

     Power  0  90  570 

     Industry   0  15  180 

     Biofuels production  1  150  625 

Direct air capture  0  90  985 

    Removal  0  70  630 
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2.6 Investment 

The  radical  transformation of  the  global  energy  system  required  to  achieve net‐zero CO2 

emissions in 2050 hinges on a big expansion in investment and a big shift in what capital is 

spent on. The NZE expands annual investment in energy from just over USD 2 trillion globally 

on average over the last five years to almost USD 5 trillion by 2030 and to USD 4.5 trillion by 

2050 (Figure 2.22).17 Total annual capital investment in energy in the NZE rises from around 

2.5% of global GDP in recent years to about 4.5% in 2030 before falling back to 2.5% by 2050. 

Figure 2.22 ⊳ Annual average capital investment in the NZE 

 
IEA. All rights reserved.

Capital investment in energy rises from 2.5% of GDP in recent years to 4.5% by 2030; the 
majority is spent on electricity generation, networks and electric end-user equipment 

Notes:  Infrastructure  includes electricity networks, public EV charging, CO2 pipelines and storage  facilities, 
direct  air  capture  and  storage  facilities,  hydrogen  refuelling  stations,  and  import  and  export  terminals  for 

hydrogen,  fossil  fuels  pipelines  and  terminals.  End‐use  efficiency  investments  are  the  incremental  cost  of 

improving the energy performance of equipment relative to a conventional design. Electricity systems include 
electricity generation,  storage and distribution, and public EV charging. Electrification  investments  include 

spending  in  batteries  for  vehicles,  heat  pumps  and  industrial  equipment  for  electricity‐based  material 

production routes. 

The shift in what capital is spent on leads to annual investment in electricity generation rising 

from just over USD 500 billion over the last five years to more than USD 1 600 billion in 2030, 

before falling back as the cost of renewable energy technologies continues to decline. Annual 

nuclear investment rises too: it more than doubles by 2050 compared with current levels. 

Annual investment in fuel supply however drops from about USD 575 billion on average over 

                                                                                                                                   
17  Investment  levels  presented  in  this  report  include  a  broader  accounting  of  efficiency  improvements  in 

buildings  than  reported  in  the  IEA World Energy  Investment  (IEA,  2020c)  and  so differ  from  the numbers 

presented there. 
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the last half‐decade to USD 315 billion in 2030 and USD 110 billion in 2050. The share of fossil 

fuel supply in total energy sector investment drops from its 25% level in recent years to just 

7% by 2050: this is partly offset by the rise in spending on low‐emissions fuel supply, such as 

hydrogen, hydrogen‐based fuels and bioenergy. Annual investment in these fuels increases 

to nearly USD 140 billion in 2050. Investment in transport increases significantly in the NZE 

from USD 150 per year  in recent years to more than USD 1 100 billion  in 2050: this stems 

mainly from the upfront cost of electric cars compared with conventional vehicles despite 

the decline in the cost of batteries.  

By  technology area,  electrification  is  the dominant  focus  in  the NZE.  In  addition  to more 

investment in electricity generation, there is a huge increase in investment in expansion and 

modernisation  of  electricity  networks.  Annual  investment  rises  from  USD 260 billion  on 

average in recent years to around USD 800 billion in 2030 and remains about that level to 

2050. Such investment is needed to ensure electricity security in the face of rising electricity 

demand and the proportion of variable generation in the power mix. There is also a  large 

increase in investment in the electrification of end‐use sectors, which includes spending on 

EV  batteries,  heat  pumps  and  electricity‐based  industrial  equipment.  In  addition  to 

investment in electrification, there is a moderate increase in investment in hydrogen to 2030 

as production facilities are scaled up, and larger increases after as hydrogen use in transport 

expands: annual investment in hydrogen, including production facilities, refuelling stations 

and end‐user equipment, reaches USD 165 billion in 2030 and over USD 470 billion in 2050. 

There  is  also  an  increase  in  global  investment  in  CCUS  (annual  investment  exceeds 

USD 160 billion by 2050 and in efficiency (around USD 640 billion annual investment by 2050, 

mostly  for  deep  building  retrofits  and  efficient  appliances  in  the  industry  and  buildings 

sectors). 

Financing  the  investment needed  in  the NZE  involves  redirecting existing  capital  towards 

clean  energy  technologies  and  substantially  increasing  the  overall  level  of  investment  in 

energy. Most of this increase in investment comes from private sources, mobilised by public 

policies  that create  incentives,  set appropriate  regulatory  frameworks and  reform energy 

taxes. However, direct government  financing  is also needed to boost  the development of 

new  infrastructure  projects  and  to  accelerate  innovation  in  technologies  that  are  in  the 

demonstration or prototype phase today. Projects in many emerging market and developing 

economies  are  often  relatively  reliant  on  public  financing,  and  policies  that  ensure  a 

predictable flow of bankable projects have an important role in boosting private investment 

in  these economies, as does  the scaling up of concessional debt  financing and the use of 

development finance. There are extensive cross‐country co‐operation efforts in the NZE to 

facilitate the international flow of capital. 

The  large  increase  in  capital  investment  in  the  NZE  is  partly  compensated  for  by  lower 

operating expenditure. Operating costs account today for a large share of the total cost of 

upstream fuel supply projects and fossil fuel generation projects: the clean technologies that 

play an increasing role in the NZE are characterised by much lower operating costs. 
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2.7 Key uncertainties  

The  road  to  net‐zero  emissions  is  uncertain  for  many  reasons:  we  cannot  be  sure  how 

underlying  economic  conditions  will  change,  which  policies  will  be  most  effective,  how 

people and businesses will respond to market and policy signals, or how technologies and 

their costs will evolve from within or outside the energy sector. The NZE therefore is just one 

possible  pathway  to  achieve  net‐zero  emissions  by  2050.  Against  this  background,  this 

section looks at what the implications would be if the assumptions in the NZE turn out to be 

off the mark with respect to behavioural change, bioenergy and CCUS for fossil fuels. These 

three areas were selected because the assumptions made about them involve a high degree 

of uncertainty and because of their critical contributions to achieve net‐zero emissions by 

2050.  

Figure 2.23 ⊳ Additional electricity demand in 2050 and additional investment 
between 2021-2050 for selected areas of uncertainty  

 
IEA. All rights reserved.

The absence of behaviour change, restrictions on bioenergy use and failure to develop 
fossil fuel CCUS would each raise investment to meet net-zero emissions by USD 4-15 trillion 

Notes: No behaviour assumes none of  the behavioural  changes  included  in  the NZE. Restricted bioenergy 

assumes no increase in land use for bioenergy production. Low fossil CCUS assumes no increase in fossil fuel‐
based CCUS apart from projects already approved or under construction. 

Our analysis clearly highlights that more pessimistic assumptions would add considerably to 

both the costs and difficulty of achieving net‐zero emissions by 2050 (Figure 2.23). 

 Behavioural changes are important in reducing energy demand in transport, buildings 

and  industry.  If  the  changes  in  behaviour  assumed  in  the  NZE  were  not  attainable, 

emissions would be around 2.6 Gt CO2 higher in 2050. Avoiding these emissions through 

the  use  of  additional  low‐carbon  electricity  and  hydrogen  would  cost  an  additional 

USD 4 trillion. 
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 Bioenergy use grows by 60% between 2020 and 2050  in the NZE and  land use for  its 

propagation increases by around 25%. Bioenergy use in 2050 in the NZE is well below 

current  best  estimates  of  global  sustainable  bioenergy  potential,  but  there  is  a  high 

degree of uncertainty concerning this level. If land use for bioenergy remains at today’s 

level,  bioenergy  use  in  2050  would  be  around  10%  lower,  and  achieving  net‐zero 

emissions in 2050 would require USD 4.5 trillion extra investment. 

 A failure to develop CCUS for fossil fuels would substantially increase the risk of stranded 

assets and would require around USD 15 trillion of additional investment in wind, solar 

and electrolyser capacity to achieve the same level of emissions reductions. It could also 

critically delay progress on BECCS and DACCS: if these cannot be deployed at scale, then 

achieving net‐zero emissions by 2050 would be very much harder. 

2.7.1 Behavioural change 

Impact of behavioural changes in selected sectors in the NZE 

Changes  in  the  behaviour  of  energy  consumers  play  an  important  role  in  cutting  CO2 

emissions and energy demand growth in the NZE. Behavioural changes reduce global energy 

demand by 37 EJ in 2050, a 10% reduction in energy demand at that time, and without them 

cumulative emissions between 2021 and 2050 would be around 10% higher (Figure 2.24). 

Behavioural change plays a particularly important role in the transport sector.  

Figure 2.24 ⊳ Reduction in total final consumption due to behavioural changes 
by fuel in the NZE  

 
IEA. All rights reserved.

The impact of behaviour changes and materials efficiency on  
final energy consumption increases over time  

Note: Other includes coal, hydrogen, geothermal, solar thermal, synthetic oil and synthetic gas. 

Passenger aviation. Demand would grow more than threefold globally between 2020 and 

2050  in  the absence of  the assumed changes  in behaviour  in  the NZE. About 60% of  this 
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growth  would  occur  in  emerging  market  and  developing  economies.  In  the  NZE,  three 

changes  lead  to  a  50%  reduction  in  emissions  from  aviation  in  2050, while  reducing  the 

number of flights by only 12% (Figure 2.25). 

 Keeping air travel for business purposes at 2019 levels. Although business trips fell to 

almost zero in 2020, they accounted for just over one‐quarter of air travel before the 

pandemic. This avoids around 110 Mt CO2 in 2050 in the NZE. 

 Keeping  long‐haul  flights  (more  than  six  hours)  for  leisure  purposes  at  2019  levels. 

Emissions  from an average  long‐haul  flight are 35‐times greater than from a regional 

flight (less than one hour). This affects less than 2% of flights but avoids 70 Mt CO2 in 

2050. 

 A shift to high‐speed rail. The opportunities for shifting regional flights to high‐speed rail 

vary by region. Globally, we estimate that around 15% of regional flights in 2019 could 

have been shifted given existing rail infrastructure; future high‐speed rail lines ensure 

that by 2050 around 17% could be shifted (IEA, 2019).18 This would reduce emissions by 

around 45 Mt CO2 in 2050 (high‐speed trains generate no emissions in 2050 in the NZE). 

Figure 2.25 ⊳ Global CO2 emissions from aviation and impact of behavioural 
changes in the NZE 

IEA. All rights reserved.

Demand for passenger aviation is set to grow significantly by 2050, but behavioural 
changes reduce emissions by 50% in 2050 despite reducing flights by only 12%  

Notes: Long‐haul = more than 6 hour flight; medium‐haul = 1‐6 hour flight; regional = less than 1 hour. Business 
flights = trips  for work  purposes;  leisure  flights  =  trips  for  leisure  purposes.  Average  speeds  vary  by  flight 

distance and range from 680‐750 km/h. 

                                                                                                                                   
18 This assumes that: new rail routes avoid water bodies and tunnelling through elevated terrain; travel times 
are  similar  to  aviation;  and  centres  of  demand  are  sufficiently  large  to  ensure  that  high‐speed  rail  is 

economically viable. 
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Car use. A variety of new measures that aim to reduce the use of cars in cities and overall car 

ownership levels are assumed in the NZE. They lead to rapid growth in the rideshare market 

in urban areas, as well as phasing out polluting cars in large cities and replacing them with 

cycling, walking and public transport. The timing of these changes  in the NZE depends on 

cities having  the necessary  infrastructure and public  support  to ensure a  shift away  from 

private car use. Between 20‐50% of car trips are shifted to buses, depending on the city in 

question,  with  the  remainder  replaced  by  cycling,  walking  and  public  transport.  These 

changes  reduce  emissions  from  cars  in  cities  by  more  than  320 Mt CO2  in  total  in  the 

mid‐2030s (Figure 2.26). Their impact on emissions fades over time as cars are increasingly 

electrified, but they still have a significant impact on curbing energy use in 2050. 

Figure 2.26 ⊳ Global CO2 emissions savings and car ownership per household 
due to behavioural change in the NZE  

IEA. All rights reserved.

Policies discouraging car use in cities lead to rapid reductions in CO2 emissions and lower 
car ownership levels, though the impact diminishes over time as cars are electrified 

The gradual move away from cars in cities also has an impact on car ownership levels. Survey 

data  indicates  that  car‐share  schemes  and  the  provision  of  public  transport  reduces  car 

ownership by up to 35%, with the biggest changes taking place in multiple car households 

(Jochem et al., 2020; Martin, Shaheen and Lidiker, 2010). Without behavioural changes, 35% 

of households would have a car in 2050; with behavioural changes this share falls to around 

20% in the NZE, and two‐car households fall from 13% of the total to less than 5%. 

The changing patterns of mobility in cities in NZE have implications for materials demand. 

Reduced  car  ownership  leads  to  a  small  drop  in  steel  demand  in  2050,  saving  around 

40 Mt CO2 in steel production. Increased cycling would need to be supported by building an 

estimated  80 000 km  of  new  cycle  lanes  globally  over  the  period  to  2050,  generating 

increased demand for cement and bitumen. This effect is small, however: the extra emissions 

associated with this would be less than 5% of the emissions avoided by lower car use. 
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How to bring about the behavioural changes in NZE  

Regulations and mandates could enable roughly 70% of the emissions saved by behavioural 

changes in the NZE. Examples include:  

 Upper speed limits, which are reduced over time in the NZE from their current levels to 

100 km/h, cutting emissions from road vehicles by 3% in 2050. 

 Appliance standards, which maximise energy efficiency in the buildings sector. 

 Regulations covering heating temperatures in offices and default cooling temperatures 

for air conditioning units, which reduce excessive thermal demand. 

 Changes initially tackled by market‐based mechanisms, e.g. swapping regional flights for 

high‐speed rail,19 which can be addressed by regulation over time to mirror changes in 

public sentiment and consumer norms. 

Market‐based instruments use a mix of financial  incentives and disincentives to influence 

decision making. They could enable around two‐thirds of the emissions saved by behavioural 

changes in the NZE. Examples include: 

 Congestion pricing and targeted interventions differentiated by vehicle type,20 such as 

charges aimed at the most polluting vehicles, or preferential parking for clean cars. 

 Transport demand measures that reduce travel, such as fuel taxes and distance‐based 

vehicle insurance and registration fees (Byars, Wei and Handy, 2017). 

 Information measures that help consumers to drive change, such as mandatory labelling 

of embodied or lifecycle emissions in manufacturing and a requirement for companies 

to disclose their carbon emissions.  

Information and awareness measures could enable around 30% of the emissions saved by 

behavioural changes in the NZE. Examples include:  

 Personalised  and  real‐time  travel  planning  information,  which  facilitates  a  switch  to 

walking, cycling and public transport. 

 Product  labelling  and  public  awareness  campaigns  in  combination, which  help make 

recycling widespread and habitual.  

 Comparisons  with  consumption  patterns  of  similar  households,  which  can  reduce 

wasteful energy use by up to 20% (Aydin, Brounen and Kok, 2018). 

Not all the behavioural changes in the NZE would be equally easy to achieve everywhere, 

and policy interventions would need to draw on insights from behavioural science and take 

into account existing behavioural norms and cultural preferences. Some behavioural changes 

may be more socially acceptable than others. Citizen assemblies in the United Kingdom and 

                                                                                                                                   
19  A  law  banning  domestic  flights  where  a  rail  alternative  of  under  two‐and‐a‐half  hours  exists  has  been 

proposed in France (Assemblee Nationale, 2021). 

20 Congestion charging is currently used in 11 major cities and has been shown to reduce traffic volumes by up 
to 27%. Low‐emissions zones charge vehicles to enter urban zones based vehicle type and currently exist in 

15 countries (TFL, 2021; Tools of Change, 2014; European Commission, 2021). 
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France indicate a large level of support for taxes on frequent and long‐distance flyers and for 

banning polluting vehicles from city centres; conversely, measures that limit car ownership 

or reduce speed limits have gained less acceptance (Convention Citoyenne pour le Climat, 

2021; Climate Assembly UK, 2020). Behavioural changes which reduce energy use in homes 

may  be  particularly well  supported:  a  recent  survey  showed  85%  support  for  line‐drying 

clothes and switching off appliances, and only 20% of people felt that reducing temperature 

settings in homes was undesirable (Newgate Research and Cambridge Zero, 2021). 

Table 2.10 ⊳ Key behavioural changes in the NZE 

  Policy options  Related policy‐goals 
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Low‐car cities 

 Phase out ICE cars from 
large cities. 

 Rideshare all urban car trips. 

 

 Low‐emissions zones. 

 Access restrictions. 
 Parking restrictions. 
 Registration caps. 
 Parking pricing. 
 Congestion charges. 
 Investment in cycling lanes 
and public transportation. 

 

 Air pollution 
mitigation. 

 Public health. 
 Reduced congestion. 
 Urban space. 
 Beautification and 
liveability. 

       

Fuel‐efficient driving 

 Reduce motorway speeds to 
less than 100 km/h. 

 Eco‐driving. 
 Raise air conditioning 
temperature in cars by 3 °C. 

 

 Speed limits. 

 Real‐time fuel efficiency 
displays. 

 Awareness campaigns. 

 

 Road safety. 
 Reduced noise 
pollution.         

Reduce regional flights 

 Replace all flights <1h where 
high‐speed rail is a feasible 
alternative. 

 

 High‐speed rail investment. 

 Subsidies for high‐speed rail 
travel. 

 Price premiums. 

 Lower air pollution. 
 Lower noise pollution.        

Reduce international flights 

 Keep air travel for business 
purposes at 2019 levels.  

 Keep long‐haul flights for 
leisure at 2019 levels. 

 

 Awareness campaigns. 

 Price premiums. 

 Corporate targets. 
 Frequent‐flyer levies. 

 Lower air pollution. 
 Lower noise pollution.        

Space heating 

 Target average set‐point 
temperatures of 19‐20 °C. 

 

 Awareness campaigns. 

 Consumption feedback. 

 Corporate targets. 

 

 Public health. 
 Energy affordability.         

Space cooling 

 Target average set‐point 
temperatures of 24‐25 °C. 

 

 Awareness campaigns. 

 Consumption feedback. 

 Corporate targets. 

 Public health. 
 Energy affordability.         

  = poor match  = neutral match  = good match 

Notes: Large cities = cities over 1 million inhabitants. ICE = internal combustion engine. CO2 emissions impact 

= cumulative reductions 2020‐2050. Eco‐driving = early upshifting as well as avoiding sudden acceleration, 
stops or  idling.  The number of  jobs  that  can be done  at  home  varies  considerably  by  region,  globally,  an 

average of 20% of jobs can be done at home. 
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The behavioural changes in the NZE would bring wider benefits in terms of air pollution in 

cities, road safety, noise pollution, congestion and health. Attitudes to policy interventions 

can change quickly when co‐benefits become apparent. For example, support for congestion 

charging  in  Stockholm  jumped  from  less  than  40% when  the  scheme was  introduced  to 

around 70% three years later; a similar trend was seen in Singapore, London and other cities, 

all of which experienced declines in air pollution after the introduction of charging (Tools of 

Change, 2014; DEFRA, 2012). 

Are net‐zero emissions by 2050 still possible without behavioural change? 

If  the behavioural changes described  in the NZE were not to materialise,  final energy use 

would  be  27  EJ  and  emissions  1.7 Gt CO2  higher  in  2030,  and  they  would  be  37 EJ  and 

2.6 Gt CO2 higher in 2050. This would further increase the already unprecedented ramp‐up 

needed in low‐carbon technologies. The share of EVs in the global car fleet would need to 

increase from around 20% in 2030 to 45% to ensure the same level of emissions reductions 

(Figure 2.27).  Achieving  the  same  reduction  in emissions  in homes would  require electric 

heat  pumps  sales  to  reach  680 million  in  2030  (compared  with  440 million  in  the  NZE). 

Without  gains  in  materials  efficiency,  the  share  of  low‐carbon  primary  steel  production 

would  need  to  be  more  than  twice  as  high  in  2030  as  in  the  NZE.  In  2050,  the  use  of 

sustainable aviation fuels would also need to rise to 7 mboe/d (compared with 5 mboe/d in 

the NZE). Emissions from cement and steel production would be 1.7 Gt CO2 higher in 2050 

than in the NZE, and so require increased deployment of CCUS in industry, deployment of 

electric arc furnaces and more use of low‐carbon hydrogen. 

Figure 2.27 ⊳ Share of low-carbon technologies and fuels with and without 
behavioural change in 2030 in the NZE 

 
IEA. All rights reserved.

In the absence of behavioural changes, the share of low-emissions technologies in end-
uses in 2030 would need to be much larger to achieve the same emissions as in the NZE  

Notes: Electric cars = share of electric cars on the road globally. Sustainable aviation fuels = biojet kerosene 
and synthetic jet kerosene. Low‐carbon steel refers to primary steel production. 
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2.7.2 Bioenergy and land‐use change 

Modern  forms  of  bioenergy  play  a  key  role  in  achieving  net‐zero  emissions  in  the  NZE. 

Bioenergy is a versatile renewable energy source that can be used in all sectors, and it can 

often  make  use  of  existing  transmission  and  distribution  infrastructure  and  end‐user 

equipment.  But  there  are  constraints  on  expanding  the  supply  of  bioenergy:  with  finite 

potential  for  bioenergy  production  from  waste  streams,  there  are  possible  trade‐offs 

between  expanding  bioenergy  production,  achieving  sustainable  development  goals  and 

avoiding conflicts with other land uses, notably food production.  

The level of bioenergy use in the NZE takes account of these constraints: bioenergy demand 

in  2050  is  around  100 EJ.  The  global  sustainable  bioenergy  potential  in  2050  has  been 

assessed to be at least 100 EJ (Creutzig, 2015) and recent assessments estimate a potential 

between  150‐170 EJ  when  integrating  relevant  UN  Sustainable  Development  Goals 

(Frank, 2021;  IPCC,  2019;  IPCC,  2014;  Wu,  2019).  However,  there  is  a  high  degree  of 

uncertainty  over  the  precise  levels  of  this  potential.  Using  modelling  developed  in 

co‐operation  with  IIASA,  here  we  examine  the  implications  for  achieving  net‐zero  CO2 

emissions by 2050 if the available levels of sustainable bioenergy were to be lower. We also 

examine  what  would  need  to  be  done  to  achieve  large  reductions  in  emissions  from 

agriculture, forestry and other land use (AFOLU). 

Ensuring a sustainable supply of bioenergy 

Most  liquid  biofuels  produced  today  come  from  dedicated  bioenergy  crops  such  as 

sugarcane,  corn or oil  crops,  often known as  conventional biofuels.  The expanded use of 

feedstocks and arable land to produce these biofuels can conflict with food production. In 

the NZE, there is a shift towards the use of sustainable, certified agricultural products and 

wood.  Biofuel  production  processes  in  the  NZE  use  advanced  conversion  technologies 

coupled with CCUS where possible  (see  section 3.3.2).  The emphasis  is  also on advanced 

bioenergy feedstocks, including waste streams from other processes, short‐rotation woody 

crops  and  feedstocks  that  do  not  require  the  use  of  arable  land.  Advanced  bioenergy 

accounts  for  the  vast  majority  of  bioenergy  supply  in  the  NZE  by  2050.  The  use  of 

conventional energy crops for biofuel production grows from around 9 EJ in 2020 to around 

11 EJ in 2030, but then falls by 70% to 3 EJ in 2050 (including feedstocks consumed in the 

biofuel production processes).  

Advanced bioenergy feedstocks that do not require land include organic waste streams from 

agriculture and industry, and woody residues from forest harvesting and wood processing. 

Investment in comprehensive waste collection and sorting in the NZE unlocks around 45 EJ 

of bioenergy supply from various organic waste streams which is primarily used to produce 

biogases and advanced biofuels  (Figure 2.28). Woody residues  from wood processing and 

forest harvesting provide a further 20 EJ of bioenergy in 2050 in the NZE – less than half of 

current best estimates of  the  total sustainable potential. Bioenergy can also be produced 
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from dedicated short‐rotation woody crops (25 EJ of bioenergy supply in 2050).21 Sustainably 

managed forestry fuelwood or plantations22 and tree plantings integrated with agricultural 

production via agroforestry systems that do not conflict with food production or biodiversity 

provide just over 10 EJ of bioenergy in 2050. 

Figure 2.28 ⊳ Global bioenergy supply by source in the NZE 

 
IEA. All rights reserved.

Bioenergy use increases by around 60% between 2020 and 2050,  
while shifting away from conventional feedstocks and the traditional use of biomass  

Note: Organic waste streams include agricultural residues, food processing, industrial and municipal organic 

waste streams; they do not require land area. 

Source: IEA analysis based on IIASA data. 

The total land area dedicated to bioenergy production in the NZE increases from 330 million 

hectares (Mha) in 2020 to 410 Mha in 2050. In 2050, around 270 Mha is forest, representing 

around one‐quarter of the total area of global managed forests, and around 5% of total forest 

area. There is 130 Mha of land used for short‐rotation advanced bioenergy crops in 2050 and 

10 Mha for conventional bioenergy crops. There is no overall  increase in cropland use for 

bioenergy production in the NZE from today’s level and no bioenergy crops are developed 

on forested  land  in the NZE.23 As well as allowing a much greater  level of bioenergy crop 

production on marginal lands, woody energy crops can produce twice as much bioenergy per 

hectare as conventional bioenergy crops.  

                                                                                                                                   
21 Woody short‐rotation coppice crops grown on crop land, pasture land or marginal lands not suited to food 

crops. 
22 Sustainable forestry management ensures that the carbon stock and carbon absorption capability of the 

forest is expanded or remains unchanged. 
23 Of the 140 Mha land used for bioenergy crops in 2050, 70 Mha are marginal lands or land currently used for 

livestock grazing and 70 Mha are cropland. There is a 60 Mha increase in cropland use for woody crops to 2050 

in the NZE but this is offset by a reduction in cropland use for producing conventional biofuel feedstocks. 

 20

 40

 60

 80

 100

2010 2020 2030 2040 2050

EJ Forestry plantings

Short‐rotation woody crops

Forest and wood residues

Organic waste streams

Traditional use of biomass

Conventional bioenergy crops

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1871  



 

92 International Energy Agency | Special Report

 

Total  land use  for bioenergy  in  the NZE  is well  below estimated  ranges of  potential  land 

availability that take full account of sustainability constraints, including the need to protect 

biodiversity hotspots and to meet the UN Sustainable Development Goal 15 on biodiversity 

and land use. The certification of bioenergy products and strict control of what land can be 

converted to expand forestry plantations and woody energy crops nevertheless is critical to 

avoid land‐use conflict issues. Certification is also critical to ensure the integrity of CO2 offsets 

(see Chapter 1), the use of which should be carefully managed and restricted to sectors that 

lack alternative mitigation options. A related land‐use issue is how to tackle emissions that 

arise from outside the energy sector (Box 2.3). 

Box 2.3 ⊳ Balancing emissions from land use, agriculture and forestry 

To limit the global temperature rise, all sources of GHG emissions need to decline to close 

to zero or to be offset with CDR. The energy sector accounted for around three quarters 

of total GHG emissions in recent years. The largest source of GHG emissions other than 

the energy sector  is agriculture,  forestry and other  land use (AFOLU), which produced 

between  10‐12 Gt CO2‐eq  net  GHG  emissions  in  recent  years.24  CO2  emissions  from 

AFOLU were around 5‐6 Gt CO2, and nitrous oxide and methane emissions were around 

5‐6 Gt CO2‐eq (IPCC, 2019). 

Options  to  reduce  emissions  from  AFOLU  and  enhance  removals  include:  halting 

deforestation; improving forest management practices; instituting farming practices that 

increase  soil  carbon  levels;  and  afforestation.  A  number  of  companies  have  recently 

expressed interest in these sorts of nature‐based solutions to offset emissions from their 

operations (see Chapter 1). For afforestation, converting around 170 Mha (roughly half 

the size of India) to forests would sequester around 1 Gt CO2 annually by 2050. 

Achieving net‐zero energy‐related and industrial process CO2 emissions by 2050 in the 

NZE does not  rely  on  any offsets  from outside  the  energy  sector.  But  commensurate 

action on AFOLU would help limit climate change. The energy‐sector transformation in 

the NZE would reduce CO2 emissions from AFLOU in 2050 by around 150 Mt CO2 given 

the switch away from conventional crops and the increase in short rotation advanced‐

bioenergy crop production on marginal lands and pasture land. To reduce emissions from 

AFOLU further would require reducing deforestation by two‐thirds by 2050, instituting 

improved forest management practices and planting around 250 Mha of new forests. The 

combined impact of these changes would reduce CO2 emissions from AFOLU to zero by 

2040  and  absorb  1.3 Gt CO2  annually  by  2050.  In  this  case,  cumulative  AFOLU  CO2 

emissions between 2020 and 2050 would be around 40 Gt CO2. 

Non‐CO2 emissions from livestock, as well as other agricultural emissions, may be more 

difficult to mitigate given the  link between livestock production and nitrous oxide and 

methane  emissions.  Changes  to  farming  practices  and  technology  improvements, 

                                                                                                                                   
24 AFOLU emissions are emissions from anthropogenic activities and do not  include CO2 emissions removal 

from the atmosphere by natural land sinks. 
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including changes to animal feed, could help to reduce these emissions, but it may be 

necessary to use afforestation to offset these emissions entirely. An alternative could be 

to reduce these emissions by reducing the demand for livestock products. For example, 

we estimate that reducing meat consumption in households with the highest  levels of 

per capita consumption today to the global average level would reduce GHG emissions 

by more than 1 Gt CO2‐eq in 2050. Lower demand for livestock products would reduce 

the pasture needed globally for livestock by close to 200 Mha and the cropland that is 

used to grow feed for livestock by a further 80 Mha. 

Are net‐zero emissions by 2050 possible without expanding land use for bioenergy? 

Estimates  of  the  global  sustainable  bioenergy  potential  are  subject  to  a  high  degree  of 

uncertainty,  in  particular  over  the  extent  to  which  new  land  area  could  sustainably  be 

converted  to  bioenergy  production.  As  a  result,  the  NZE  takes  a  cautious  approach  to 

bioenergy  use,  with  consumption  in  2050  (100 EJ)  well  below  the  latest  estimates  that 

integrate relevant SDGs, which suggest a potential between 150‐170 EJ. But it is possible that 

the land available to provide sustainable bioenergy is even more limited. Here we explore 

the  implications  for  emissions  of  restricting  land  use  for  dedicated  bioenergy  crops  and 

forestry plantations to around 330 Mha, which is what is used today. 

Figure 2.29 ⊳ Impact on electricity demand and ability to achieve net-zero 
emissions by 2050 without expanded bioenergy land use 

 
IEA. All rights reserved.

Achieving net-zero emissions without expanding bioenergy land use would require a 
further 3 200 TWh from solar PV and wind, increasing capacity in the NZE by nearly 10% 

Limiting land use to 330 Mha would reduce available bioenergy supply in 2050 by more than 

10 EJ.  This would mostly  take  the  form of a  reduction  in  the availability of  short‐rotation 

woody energy crops, which are mainly used in the NZE in place of fossil fuels to provide high 

temperature heat for industrial processes and for electricity generation. Without bioenergy, 

 30

 60

 90

 120

EJ

NZE Without expanding bioenergy land use

Bioenergy use Electricity demand Solar PV and wind 

 20

 40

 60

 80

Th
o
u
sa
n
d
 T
W
h

 8

 16

 24

 32

Th
o
u
sa
n
d
 G
W

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1873  



 

94 International Energy Agency | Special Report

 

it is likely that hydrogen and synthetic methane would be used instead, and their production 

would require around 70 Mt of hydrogen in 2050 (15% more than in the NZE). If this were to 

be produced through the use of electrolysis it would require around 750 GW of electrolyser 

capacity and increase electricity demand in 2050 by around 3 200 TWh (Figure 2.29). 

The additional electricity that would be needed could be produced using renewables, which 

would require an additional 1 700 GW of wind and solar PV capacity and almost 350 GW of 

additional battery capacity in 2050. Annual capacity additions during the 2030s would need 

to be 160 GW higher than  in the NZE. The additional wind, solar, battery and electrolyser 

capacity, together with the electricity networks and storage needed to support this higher 

level of deployment would cost more than USD 5 trillion by 2050. This is USD 4.5 trillion more 

than would be needed if the use of bioenergy were to be expanded as envisaged in the NZE, 

and would increase the total investment needed in the NZE by 3%. While it might therefore 

be  possible  still  to  achieve  net‐zero  emissions  in  2050  without  expanding  land  use  for 

bioenergy, this would make the energy transition significantly more expensive. 

2.7.3 CCUS applied to emissions from fossil fuels 

A total of 7.6 Gt CO2 is captured in 2050 in the NZE, almost 50% of which is from fossil fuel 

combustion, 20% is from industrial processes, and around 30% is from bioenergy use with 

CO2 capture and DAC (Figure 2.30). The use of CCUS with fossil fuels provides almost 70% of 

the total growth in CCUS to 2030 in the NZE. Yet the prospects for the rapid scaling up of 

CCUS are very uncertain for economic, political and technical reasons. Here we look at the 

implications  for  reaching  net‐zero  emissions  in  2050  if  fossil  fuel  CCUS  does  not  expand 

beyond existing and planned projects. 

Figure 2.30 ⊳ CCUS by sector and emissions source in the NZE 

 
IEA. All rights reserved.

Fossil fuel emissions account for almost 70% of total CO2 capture in 2030  
and almost 50% in 2050 

Note: DAC = direct air capture. 
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Are net‐zero emissions by 2050 possible without fossil fuel‐based CCUS? 

Fossil fuel‐based CCUS applications comprise most of the CCUS projects added to 2030 in the 

NZE. These projects help to reduce risks for other non‐fossil fuel CCUS applications that are 

essential to reach net zero. In view of the challenges that fossil fuel‐based CCUS projects face, 

we have constructed a Low CCUS Case (LCC) in which no new fossil fuel CCUS projects are 

developed beyond those already under construction or approved for development.  In the 

LCC, CO2 emissions captured from fossil fuels are only around 150 Mt in 2050, compared with 

3 600 Mt in 2050 in the NZE. 

In industry, the lack of new fossil fuel CCUS projects leads in the LCC to 1.2 Gt of additional 

CO2  emissions  compared with  the NZE  in  2050.  It would  be  necessary  to  use  alternative 

technologies to eliminate these emissions in order to achieve net zero by 2050. A number of 

technologies  that  are  at  the  prototype  stage  of  development would  be  needed,  such  as 

electric  cement  kilns  or  electric  steam  crackers  for  high‐value  chemicals  production  (see 

Box 2.4). Assuming that these technologies could be demonstrated and deployed at scale, 

this  would  increase  electricity  demand  by  around  2 400 TWh  and  hydrogen  demand  in 

industry  by  around  45 Mt  in  2050.  It  would  also  be  necessary  to  replace  the  145 Mt  of 

hydrogen that is produced in the NZE from fossil fuels equipped with CCUS. Provision of this 

190 Mt of hydrogen through electrolysis would require an additional 2 000 GW capacity of 

electrolysers  in 2050  (almost 60% more  than  in  the NZE) and an additional 9 000 TWh of 

electricity (Figure 2.31).  

Figure 2.31 ⊳ Impacts of achieving net-zero emissions by 2050 without 
expanded fossil fuel-based CCUS  

 
IEA. All rights reserved.

Failure to deploy fossil fuel-based CCUS would significantly increase electricity demand 
and require much more solar, wind and electrolyser capacity  

Note: LCC = Low CCUS Case where CCUS applied to fossil fuels is restricted to projects under construction or 

approved for development today. 
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Box 2.4 ⊳ Technology innovation in the NZE 

Innovation  is key to developing new clean energy technologies and advancing existing 

ones. The importance of innovation increases as we get closer to 2050 because existing 

technologies will not be able to get us all the way along the path to net‐zero emissions. 

Almost  50%  of  the  emissions  reductions  needed  in  2050  in  the  NZE  depend  on 

technologies that are at the prototype or demonstration stage, i.e. are not yet available 

on the market (see Chapter 4).  

After a new idea makes its way from the drawing board to the laboratory and out into 

the world, there are four key stages in the clean energy innovation pipeline (IEA, 2020d). 

But the pathway to maturity can be long and success is not guaranteed. 

 Prototype. A concept is developed into a design and then into a prototype for a new 

device, e.g. a furnace that produces steel with pure hydrogen instead of coal. 

 Demonstration. The first examples of a new technology are introduced at the size 

of  a  full‐scale  commercial  unit,  e.g.  a  system  that  captures  CO2  emissions  from 

cement plants. 

 Market uptake. The technology is being deployed in a number of markets. However, 

it  either  has  a  cost  and  performance  gap  with  established  technologies  (e.g. 

electrolysers for hydrogen production) or it is competitive but there are still barriers, 

such as integration with existing infrastructure or consumer preferences, to reaching 

its full market potential (e.g. heat pumps). Policy attention is needed in both cases 

to stimulate wider diffusion to reduce costs and to overcome existing barriers, with 

more of the costs and risks being borne gradually by the private sector.  

 Maturity.  The  technology  has  reached  market  stability,  and  new  purchases  or 

installations  are  constant  or  even  declining  in  some  environments  as  newer 

technologies  start  to  compete with  the  stock  of  existing  assets,  e.g.  hydropower 

turbines. 

Innovation  is  critical  in  the NZE  to  bring new  technologies  to market  and  to  improve 

emerging  technologies,  including  for  electrification,  CCUS,  hydrogen  and  sustainable 

bioenergy.  The degree of  reliance on  innovation  in  the NZE  varies  across  sectors  and 

along the various steps of the value chains involved (Figure 2.32). 

 Electrification. Almost 30% of the 170 Gt CO2 cumulative emissions reductions from 

the use of  low‐emissions electricity  in  the NZE comes  from  technologies  that are 

currently  at  prototype  or  demonstration  stage,  such  as  electricity‐based  primary 

steel production or electric trucks.  

 Hydrogen. Not all steps of the low‐carbon hydrogen value chain are available on the 

market today. The majority of demand technologies, such as hydrogen‐based steel 

production, are only at the demonstration or prototype stage. These deliver more 

than 75% of the cumulative emissions reductions in the NZE related to hydrogen.  
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 CCUS. Around 55% of the cumulative emissions reductions that come from CCUS in 

the NZE are  from  technologies  that  are  at  the demonstration or prototype  stage 

today. While CO2 capture has been in use for decades in certain industrial and fuel 

transformation processes, such as ammonia production and natural gas processing, 

it  is  still  being  demonstrated  at  a  large  scale  in  many  of  the  other  possible 

applications.  

 Bioenergy. Around 45% of the cumulative emissions reductions in the NZE related 

to sustainable bioenergy come from technologies that are at the demonstration or 

prototype stage today, mainly for the production of biofuels.  

Figure 2.32 ⊳ Cumulative CO2 emissions reductions for selected 
technologies by maturity category in the NZE 

 
IEA. All rights reserved. 

CCUS, hydrogen and bioenergy technologies are less mature than electrification.  
Most technologies for heavy industry and trucks are at early stages of development. 

Notes: Bio‐FT = Biomass gasification with Fischer‐Tropsch synthesis. Maturity levels are the technology 

design at the most advanced stage.  
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In  the  electricity  sector,  it  would  be  necessary  to  produce  an  additional  11 300 TWh  of 

electricity for industry and fuel transformation and to replace virtually all of the electricity 

generated  from fossil  fuel powered plants equipped with CCUS  in 2050  in  the NZE. Using 

renewables, this would require an additional 7 000 GW of wind and solar PV capacity in 2050. 

This is around 30% more than in the NZE, and would mean that annual capacity additions of 

solar PV and wind during the 2030s would need to reach 1 300 GW (300 GW more than in 

the NZE). To accommodate this additional level of variable renewables and to provide the 

flexibility that is available from fossil fuel CCUS equipped plants in the NZE, around 660 GW 

more battery  capacity would be needed  in 2050  (20% more  than  in  the NZE  in  in 2050), 

together with additional 110 GW of other dispatchable capacity. 

Reducing the rate of adding CCUS at existing coal‐ and gas‐fired generation plants in the LCC 

would also raise the risk of stranded assets. We estimate that up to USD 90 billion of existing 

coal‐ and gas‐fired capacity could be stranded in 2030 and up to USD 400 billion by 2050. 

Investment  in  fossil  fuel‐based CCUS  in  the NZE  to 2050  is  around USD 650 billion, which 

would be avoided in the LCC. But additional investment is required in the LCC for extra wind, 

solar  and  electrolyser  capacity,  for  electricity‐based  routes  in  heavy  industry,  and  for 

expanded electricity networks and storage to support this higher level of deployment. As a 

result, the additional cumulative investment to reach net‐zero emissions in 2050 in the LCC 

is USD 15 trillion higher than in the NZE. 

Failure  to  develop  CCUS  for  fossil  fuels  would  also  be  likely  to  delay  or  prevent  the 

development  of  other  CCUS  applications. Without  fossil  fuel‐based  CCUS,  the  number  of 

users  and  the  volumes  of  the  CO2  transport  and  storage  infrastructure  deployed  around 

industrial clusters would be reduced. Fewer actors and more limited pools of capital would 

be available to incur the high upfront costs of infrastructure, as well as other risks associated 

with  the  initial  roll‐out of CCUS  infrastructure clusters.  In addition,  there would be  fewer 

spill‐over  learning  and  cost‐reduction  benefits  from  developing  fossil  fuel‐based  CCUS, 

making the successful demonstration and scale up of more nascent CCUS technologies much 

less likely. A delay in the development of other CCUS technologies would have a major impact 

on  the  prospect  of  getting  to  net‐zero  emissions  in  2050.  For  example,  CCUS  is  the  only 

scalable low‐emissions option to remove CO2 from the atmosphere and to almost eliminate 

emissions from cement production. If progress in these technologies were delayed and could 

not be deployed at scale, then achieving net‐zero emissions by 2050 would be vastly more 

difficult. 
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Chapter 3 

Sectoral pathways to net-zero emissions by 2050 
\

 Fossil fuel use falls drastically in the Net‐Zero Emissions Scenario (NZE) by 2050, and 

no new oil and natural gas fields are required beyond those that have already been 

approved for development. No new coal mines or mine extensions are required. Low‐

emissions fuels – biogases, hydrogen and hydrogen‐based fuels – see rapid growth. 

They account  for  almost 20% of  global  final  energy  in 2050,  compared with 1%  in 

2020. More than 500 Mt of low‐carbon hydrogen is produced in 2050, of which about 

60%  is  produced  using  electrolysis  that  accounts  for  20%  of  global  electricity 

generation in 2050. Liquid biofuels provide 45% of global aviation fuel in 2050.  

 Electricity demand grows rapidly in the NZE, rising 40% from today to 2030 and more 

than two‐and‐a‐half‐times to 2050, while emissions from generation fall to net‐zero 

in aggregate in advanced economies by 2035 and globally by 2040. Renewables drive 

the transformation, up from 29% of generation in 2020 to 60% in 2030 and nearly 90% 

in 2050. From 2030 to 2050, 600 GW of solar PV and 340 GW of wind are added each 

year. The least‐efficient coal plants are phased out by 2030 and all unabated coal by 

2040. Investment in electricity grids triples to 2030 and remains elevated to 2050.  

 In industry, emissions drop by 20% to 2030 and 90% to 2050. Around 60% of heavy 

industry emissions reductions in 2050 in the NZE come from technologies that are not 

ready for market today: many of  these use hydrogen or CCUS. From 2030, all new 

industry capacity additions are near‐zero emissions. Each month from 2030, the world 

equips 10 new and existing heavy industry plants with CCUS, adds 3 new hydrogen‐

based industrial plants and adds 2 GW of electrolyser capacity at industrial sites.  

 In transport, emissions drop by 20% to 2030 and 90% to 2050. The initial focus is on 

increasing the operational and technical efficiency of transport systems, modal shifts, 

and the electrification of road transport. By 2030, electric cars account for over 60% 

of car sales (4.6% in 2020) and fuel cell or electric vehicles are 30% of heavy truck sales 

(less than 0.1% in 2020). By 2035, nearly all cars sold globally are electric, and by 2050 

nearly  all  heavy  trucks  sold  are  fuel  cell  or  electric.  Low‐emissions  fuels  and 

behavioural changes help to reduce emissions in long‐distance transport, but aviation 

and shipping remain challenging and account for 330 Mt CO2 emissions in 2050.  

 In buildings, emissions drop by 40% to 2030 and more than 95% to 2050. By 2030, 

around  20%  of  the  existing  building  stock  worldwide  is  retrofitted  and  all  new 

buildings  comply  with  zero‐carbon‐ready  building  standards.  Over  80%  of  the 

appliances  sold  are  the  most  efficient  models  available  by  2025  in  advanced 

economies and by the mid‐2030s worldwide. There are no new fossil fuel boilers sold 

from 2025, except where they are compatible with hydrogen, and sales of heat pumps 

soar.  By  2050,  electricity  provides  66%  of  energy  use  in  buildings  (33%  in  2020). 

Natural gas use for heating drops by 98% in the period to 2050. 
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3.1 Introduction 

The  Net‐Zero  Emissions  by  2050  Scenario  (NZE)  involves  a  global  energy  system 

transformation that  is unparalleled  in  its  speed and scope. This chapter  looks at how the 

main  sectors  are  transformed,  as  well  as  the  specific  challenges  and  opportunities  this 

involves  (Figure 3.1).  It  covers  the  supply  of  fossil  and  low‐emissions  fuels,  electricity 

generation and the three main end‐use sectors – industry, transport and buildings. For each 

sector, we  set out  some  key  technology  and  infrastructure milestones on which  the NZE 

depends for its successful delivery. Further we discuss what key policy decisions are needed, 

and by when, to achieve these milestones. Recognising that there is no single pathway to 

achieve net‐zero emissions by 2050 and that there are many uncertainties related to clean 

energy transitions, in this chapter we also explore the implications of choosing not to rely on 

certain  fuels,  technologies  or  emissions  reduction  options  across  the  transformation  and 

end‐use sectors. 

Figure 3.1 ⊳ CO2 emissions by sector in the NZE  

 
IEA. All rights reserved.

Emissions fall fastest in the power sector, with transport, buildings and industry seeing steady 
declines to 2050. Reductions are aided by the increased availability of low-emissions fuels 

Note:  Other  =  agriculture,  fuel  production,  transformation  and  related  process  emissions,  and  direct  air 

capture.  

3.2  Fossil fuel supply 

3.2.1 Energy trends in the Net‐Zero Emissions Scenario 

Coal use declines from 5 250 million tonnes of coal equivalent (Mtce) in 2020 to 2 500 Mtce 

in  2030  and  to  less  than  600 Mtce  in  2050.  Even with  increasing  deployment  of  carbon 

capture,  utilisation  and  storage  (CCUS),  coal  use  in  2050  is  90%  lower  than  in  2020 
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(Figure 3.2). Oil demand never returns to its 2019 peak and it declines from 88 million barrels 

per day  (mb/d)  in 2020 to 72 mb/d  in 2030 and to 24 mb/d  in 2050, a  fall of almost 75% 

between 2020 and 2050. Natural gas quickly rebounds from the dip in demand in 2020 and 

rises through to the mid‐2020s, reaching a peak of around 4 300 billion cubic metres (bcm), 

before dropping to 3 700 bcm in 2030 and to 1 750 bcm in 2050. By 2050, natural gas use is 

55% lower than in 2020. 

Figure 3.2 ⊳ Coal, oil and natural gas production in the NZE  

IEA. All rights reserved.

Between 2020 and 2050, demand for coal falls by 90%, oil by 75%, and natural gas by 55%  

Oil 

The  trajectory  of  oil  demand  in  the NZE means  that  no  exploration  for  new  resources  is 

required  and,  other  than  fields  already  approved  for  development,  no  new  oil  fields  are 

necessary. However, continued investment in existing sources of oil production are needed. 

On average oil demand in the NZE falls by more than 4% per year between 2020 and 2050. If 

all capital investment in producing oil fields were to cease immediately, this would lead to a 

loss of over 8% of supply each year. If investment were to continue in producing fields but 

no new fields were developed, then the average annual loss of supply would be around 4.5% 

(Figure 3.3). The difference is made up by fields that are already approved for development. 

These dynamics are reflected in the oil price in the NZE, which drops to around USD 35/barrel 

in  2030  and  USD 25/barrel  in  2050.  This  price  trajectory  is  largely  determined  by  the 

operating costs  for  fields currently  in operation, and only a very  small  volume of existing 

production would need to be shut in. However, income from oil production in all countries 

is much  lower  in the NZE than  in recent years,1 and the NZE projects significant stranded 

                                                                                                                                   

1 Governments may also reduce or eliminate upstream taxes to ensure that production costs are below the oil 

price to maintain domestic production. 
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capital and stranded value.2 The oil price in the NZE would be sufficient in principle to cover 

the cost of developing new fields for the lowest cost producers, including those in the Middle 

East, but it is assumed that major resource holders do not proceed with investment in new 

fields because doing so would create significant additional downward pressure on prices. 

The  refining  sector  also  faces  major  challenges  in  the  NZE.  Refinery  throughput  drops 

considerably and there are significant changes in product demand. With rapid electrification 

of the vehicle fleet, there is a major drop in demand for traditional refined products such as 

gasoline  and  diesel,  while  demand  for  non‐combusted  products  such  as  petrochemicals 

increases. In recent years, around 55% of oil demand was for gasoline and diesel, but this 

drops to less than 15% in 2050, while the share of ethane, naphtha and liquefied petroleum 

gas (LPG) rises from 20% in recent years to almost 60% in 2050. This shift accentuates the 

drop  in  oil  demand  for  refiners,  and  refinery  runs  fall  by  85%  between  2020  and  2050. 

Refiners are used to coping with changing demand patterns, but the scale of the changes in 

the  NZE  would  inevitably  lead  to  refinery  closures,  especially  for  refineries  not  able  to 

concentrate primarily on petrochemical operations or the production of biofuels.  

Figure 3.3 ⊳ Oil and natural gas production in the NZE 

IEA. All rights reserved.

No new oil and natural gas fields are required beyond those already approved for 
development. Supply is increasingly concentrated in a few major producing countries 

Natural gas 

No new natural gas fields are needed in the NZE beyond those already under development. 

Also not needed are many of the liquefied natural gas (LNG) liquefaction facilities currently 

under construction or at the planning stage. Between 2020 and 2050, natural gas traded as 

                                                                                                                                   

2 Stranded capital is capital investment in fossil fuel infrastructure that is not recovered over the operating 

lifetime of the asset because of reduced demand or reduced prices resulting from climate policies. Stranded 
value is a reduction in the future revenue generated by an asset or asset owner assessed at a given point in 

time because of reduced demand or reduced prices resulting from climate policies (IEA, 2020a). 
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LNG falls by 60% and trade by pipeline  falls by 65%. During  the 2030s, global natural gas 

demand declines by more than 5% per year on average, meaning that some fields may be 

closed prematurely or shut in temporarily. Declines in natural gas demand slow after 2040, 

and more than half of natural gas use globally  in 2050 is to produce hydrogen in facilities 

with CCUS. The large level of hydrogen, also produced using electrolysis, and biomethane in 

the NZE, means that the decline  in total gaseous  fuels  is more muted than the decline  in 

natural gas. This has important implications for the future of the gas industry (see Chapter 4).  

Coal 

No new coal mines or extensions of existing ones are needed  in  the NZE as coal demand 

declines precipitously. Demand for coking coal falls at a slightly slower rate than for steam 

coal, but existing sources of production are sufficient to cover demand through to 2050. Such 

a decline in coal demand would have major consequences for employment in coal mining 

regions  (see  Chapter 4).  There  is  a  slowdown  in  the  rate  of  decline  in  the  2040s  as  coal 

production facilities are  increasingly equipped with CCUS:  in the NZE, around 80% of coal 

produced in 2050 applies CCUS. 

3.2.2 Investment in oil and gas 

Upstream oil  and gas  investment averages about USD 350 billion each year  from 2021  to 

2030 in the NZE (Figure 3.4). This is similar to the level in 2020, but around 30% lower than 

average  levels  during  the  previous  five  years.  Once  fields  under  development  start 

production, all of the upstream investment  in the NZE is to support operations  in existing 

fields; after 2030, total annual upstream investment is around USD 170 billion each year.  

Figure 3.4 ⊳ Investment in oil and natural gas supply in the NZE 

IEA. All rights reserved.

Once fields under development start production, all upstream oil and gas  
investment is spent on maintaining production at existing fields 

Note: Investment in new fields in the 2021‐2030 period is for projects that are already under construction or 

have been approved. 
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3.2.3 Emissions from fossil fuel production 

Emissions from the supply chains of coal, oil and natural gas fall dramatically in the NZE. The 

global average greenhouse gas (GHG) emissions intensity of oil production today is just under 

100 kilogrammes of  carbon‐dioxide equivalent  (kg CO2‐eq) per barrel. Without changes,  a 

large proportion of global production would become uneconomic, as CO2 prices are applied 

to  the  full  value  chains  of  fossil  fuels.  For  example,  by  2030  the  CO2  price  in  advanced 

economies in the NZE is USD 100 per tonne of CO2 (tCO2), which would add USD 10 to the 

cost of producing each barrel at today’s average level of emissions intensity.  

Methane constitutes about 60% of emissions from the coal and natural gas supply chains and 

about 35% of emissions from the oil supply chain. In the NZE, total methane emissions from 

fossil  fuels  fall  by  around 75% between 2020  and 2030,  equivalent  to  a  2.5 gigatonne  of 

carbon‐dioxide equivalent (Gt CO2‐eq) reduction in GHG emissions (Figure 3.5). Around one‐

third of this decline is a result of an overall reduction in fossil fuel consumption, but the larger 

share comes from a huge increase in the deployment of emissions reduction measures and 

technologies, which leads to the elimination of all technically avoidable methane emissions 

by 2030 (IEA, 2020a).  

Figure 3.5 ⊳ Methane emissions from coal, oil and natural gas in the NZE 

 
IEA. All rights reserved.

Methane emissions from fossil fuels fall by 75% between 2020 and 2030 as result of a 
concerted global effort to deploy all available reduction measures and technologies 

Note: Mt = million tonnes. 

Actions to reduce the emissions intensity of existing oil and gas operations in the NZE leads 

to: the end of all flaring; the use of CCUS with centralised sources of emissions (including to 

capture natural  sources of CO2  that are often extracted with natural  gas);  and  significant 

electrification  of  upstream  operations  (often  making  use  of  off‐grid  renewable  energy 

sources).  
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The NZE inevitably brings significant challenges for fossil fuel industries and those who work 

in them, but it also brings opportunities. Coal mining declines dramatically in the NZE, but 

the mining of minerals needed for clean energy transitions increases very rapidly, and mining 

expertise is likely to be highly valued in this context. The oil and gas industry could play a key 

role in helping to develop at scale a number of clean energy technologies such as CCUS, low‐

carbon hydrogen, biofuels and offshore wind.  Scaling up  these  technologies and bringing 

down their costs will rely on large‐scale engineering and project management capabilities, 

qualities  that  are  a  good  match  to  those  of  large  oil  and  gas  companies.  These  issues, 

including the question of how to help those affected by the major changes implied by the 

NZE, are discussed in more detail in Chapter 4.  

3.3 Low‐emissions fuel supply 

3.3.1 Energy trends in the Net‐Zero Emissions Scenario  

Reaching net‐zero emissions will  require  low‐emissions fuels3 where energy needs cannot 

easily or economically be met by electricity (Figure 3.6). This is likely to be the case for some 

modes of long‐distance transport (trucks, aviation and shipping) and of heat and feedstock 

supply  in  heavy  industry.  Some  low‐emissions  fuels  are  effectively  drop‐in,  i.e.  they  are 

compatible with the existing fossil fuel distribution infrastructure and end‐use technologies, 

and require few if any modifications to equipment or vehicles. 

Low‐emissions fuels today account for just 1% of global final energy demand, a share that 

increases to 20% in 2050  in the NZE. Liquid biofuels meet 14% of global transport energy 

demand in 2050, up from 4% in 2020; hydrogen‐based fuels meet a further 28% of transport 

energy needs by 2050. Low‐carbon gases  (biomethane, synthetic methane and hydrogen) 

meet 35% of global demand for gas supplied through networks in 2050, up from almost zero 

today. The combined share of low‐carbon hydrogen and hydrogen‐based fuels in total final 

energy use worldwide reaches 13% in 2050. Hydrogen and ammonia also provide important 

low‐emissions  sources of power  system  flexibility  and  contribute 2% of overall  electricity 

generation  in 2050, which  is enough to make the electricity sector an  important driver of 

hydrogen demand. 

                                                                                                                                   

3 Low‐emissions fuels refer to liquid biofuels, biogas and biomethane, and hydrogen‐based fuels (hydrogen, 

ammonia and synthetic hydrocarbon fuels) that do not emit CO2 from fossil fuels directly when used and also 
emit very little when being produced. For example, hydrogen produced from natural gas with CCUS and high 

capture rates (90% or higher) is considered a low‐emissions fuel, but not if produced without CCUS. 
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Figure 3.6 ⊳ Global supply of low-emissions fuels by sector in the NZE 

 
IEA. All rights reserved.

Low-emissions fuels in the form of liquid biofuels, biomethane, hydrogen-based fuels  
help to decarbonise sectors where direct electrification is challenging 

Notes: TFC = total final consumption. Low‐carbon gases in the gas grid refers to the blending of biomethane, 
hydrogen and synthetic methane with natural gas in a gas network for use in buildings, industry, transport and 

electricity generation. Synfuels refer to synthetic hydrocarbon fuels produced from hydrogen and CO2. Final 

energy consumption of hydrogen includes, in addition to the final energy consumption of hydrogen, ammonia 
and synthetic hydrocarbon fuels, the on‐site hydrogen production in the industry sector.  

3.3.2 Biofuels4 

Around 10% of the global primary supply of modern bioenergy (biomass excluding traditional 

uses for cooking) was consumed as liquid biofuels for road transport and 6% was consumed 

as  biogases  (biogas  and  biomethane)  to  provide  power  and  heat  in  2020,  with  the  rest 

directly  used  for  electricity  generation  and  heating  in  the  residential  sector.  Supply 

accelerates sharply in the NZE with liquid biofuels expanding by a factor of almost four and 

biogases increasing by a factor of six by 2050.  

All but about 7% of liquid biofuels for transport are currently produced from conventional 

crops such as sugarcane, corn and soybeans. Such crops directly compete with arable land 

that can be used for food production, which limits the scope for expanding output. So most 

of the growth in biofuels in the NZE comes from advanced feedstocks such as wastes and 

residues and woody energy crops grown on marginal lands and cropland not suitable for food 

                                                                                                                                   

4 Liquids and gases produced from bioenergy. 
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production (see section 2.7.2). Advanced liquid biofuel production technology using woody 

feedstock expands rapidly over  the next decade  in  the NZE, and  its contribution  to  liquid 

biofuels jumps from less than 1% in 2020 to almost 45% in 2030 and 90% in 2050 (Figure 3.7). 

By 2030, production reaches 2.7 million barrels of oil equivalent per day (mboe/d) by 2030, 

underpinned by biomass gasification using the Fischer‐Tropsch process (bio‐FT) and cellulosic 

ethanol, mostly to produce drop‐in substitutes for diesel and jet kerosene. Advanced liquid 

biofuel production increases by an additional 130% to more than 6 mboe/d in 2050, the bulk 

of which is biokerosene. 

Figure 3.7 ⊳ Global biofuels production by type and technology in the NZE 

 
IEA. All rights reserved.

Liquid biofuel production quadruples while that of biogases expands sixfold between 2020 
and 2050, underpinned by the development of sustainable biomass supply chains 

Notes:  EJ  =  exajoules;  CCUS = carbon  capture,  utilisation  and  storage.  Conventional  ethanol  refers  to 

production using food energy crops. Advanced ethanol refers to production using wastes and residues and 

non‐food energy crops grown on marginal and non‐arable land. Conventional biodiesel includes fatty acid and 
methyl  esters  (FAME)  route using  food energy  crops. Advanced biodiesel  includes biomass‐based  Fischer‐

Tropsch and HEFA routes using wastes, residues and non‐food energy crops grown on marginal and non‐arable 

land. Biomethane includes biogas upgrading and biomass gasification‐based routes.  

Production  using  these  feedstocks  is  mostly  under  development  today.  Current  output 

capacity, principally cellulosic ethanol, is about 2.5 thousand barrels of oil equivalent per day 

(kboe/d).  The  NZE  assumes  that  projects  currently  in  the  pipeline  in  Japan,  the  United 

Kingdom and the United States will bring these technologies to the market within the next 

few years. The scale up required for all advanced liquid biofuels (including from waste oils) 

over the next decade is equivalent to building one 55 kboe/d biorefinery every ten weeks 

(the world’s largest biorefinery has capacity of 28 kboe/d).  

The supply of these biofuels after 2030 shifts rapidly in the NZE from passenger vehicles and 

light trucks, where electrification is increasingly the order of the day, to heavy road freight, 

shipping  and  aviation.  Ammonia  makes  inroads  into  shipping.  Advanced  liquid  biofuels 

increase  their  share of  the global aviation  fuel market  from 15%  in 2030 to 45%  in 2050. 
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Advanced biofuels such as hydrogenated esters and fatty acids (HEFA) and bio‐FT are able to 

adjust their product slates (up to a point) from renewable diesel to biokerosene, and existing 

ethanol  plants,  especially  those  that  can  be  retrofitted  with  CCUS  or  integrated  with 

cellulosic feedstock, also make a contribution.  

The supply of biogases increases even more than liquid biofuels. Injection into gas networks 

expands  from under 1% of  total gas volume  in 2020 to almost 20%  in 2050, reducing the 

emissions intensity of the network‐based gas. Biomethane is mostly produced by upgrading 

biogas produced  from anaerobic digestion of  feedstocks  such as agricultural  residues  like 

manure and biogenic municipal solid waste, thereby avoiding methane emissions that would 

otherwise be released. Due to the dispersed nature of these feedstocks, this assumes the 

construction  of  thousands  of  injection  sites  and  associated  distribution  lines  every  year. 

Biogas and biomethane are also used as clean cooking fuels and in electricity generation in 

the NZE.  

The production of biofuels can be combined with CCUS at a relatively low cost in some biofuel 

production  routes  (ethanol,  bio‐FT,  biogas  upgrading)  because  the  processes  involved 

release very pure streams of CO2. In the NZE, the use of biofuels with CCUS results in annual 

carbon  dioxide  removal  (CDR)  of  0.6 Gt CO2  in  2050,  which  offset  residual  emissions  in 

transport and industry. 

3.3.3 Hydrogen and hydrogen‐based fuels  

Hydrogen use in the energy sector today is largely confined to oil refining and the production 

of ammonia and methanol in the chemicals industry. Global hydrogen demand was around 

90 million tonnes (Mt) in 2020, mainly produced from fossil fuels (mostly natural gas) and 

emitting  close  to  900 Mt CO2.  Both  the  amount  needed  and  the  production  route  of 

hydrogen change radically in the NZE. Demand increases almost sixfold to 530 Mt in 2050, of 

which  half  is  used  in  heavy  industry  (mainly  steel  and  chemicals  production)  and  in  the 

transport  sector;  30%  is  converted  into other hydrogen‐based  fuels, mainly  ammonia  for 

shipping and electricity generation, synthetic kerosene for aviation and synthetic methane 

blended into gas networks; and 17% is used in gas‐fired power plants to balance increasing 

electricity  generation  from  solar  PV  and  wind  and  to  provide  seasonal  storage.  Overall, 

hydrogen‐based fuels5 account for 13% of global final energy demand in 2050 (Figure 3.8). 

Ammonia is used today as feedstock in the chemical industry, but in the NZE it is also used 

as fuel in various energy applications, benefitting from its lower transport cost and higher 

energy density than hydrogen. Ammonia accounts for around 45% of global energy demand 

for shipping in 2050 in the NZE. Co‐firing with ammonia is also a potential early option to 

reduce CO2 emissions in existing coal‐fired power plants. The toxicity of ammonia means that 

its handling is likely to be limited to professionally trained operators, which could restrict its 

potential. 

                                                                                                                                   

5 Hydrogen‐based fuels are defined as hydrogen, ammonia as well as synthetic hydrocarbon fuels produced 

from hydrogen and CO2. 
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Figure 3.8 ⊳ Global production of hydrogen by fuel and hydrogen demand 
by sector in the NZE 

IEA. All rights reserved.

Hydrogen production jumps sixfold by 2050, driven by water electrolysis and natural gas 
with CCUS, to meet rising demand in shipping, road transport and heavy industry 

Note: Refining CNR = hydrogen by‐product from catalytic naphtha reforming at refineries. 

Synthetic kerosene meets around one‐third of global aviation fuel demand  in 2050  in the 

NZE.  Its manufacture  at  bioenergy‐fired  power  or  biofuel  production  plants  requires  CO2 

captured from the atmosphere. CO2 from these sources can be considered carbon neutral, 

as it results in no net emissions when the fuel is used. There is scope for the co‐production 

of  advanced  liquid  biofuels  and  synthetic  liquid  fuels  from  hydrogen  and  CO2,  with  the 

integration of the two processes reducing the overall liquid fuel production costs. Alongside 

synthetic liquid fuels, enough synthetic methane is produced from hydrogen and CO2 in 2050 

to meet 10% of demand for network supplied gas  in the buildings,  industry and transport 

sectors. 

By  2050,  hydrogen  production  in  the  NZE  is  almost  entirely  based  on  low‐carbon 

technologies:  water  electrolysis  accounts  for  more  than  60%  of  global  production,  and 

natural gas in combination with CCUS for almost 40%. Global electrolyser capacity reaches 

850 gigawatts  (GW)  by  2030  and  3 600 GW  by  2050,  up  from  around  0.3 GW  today. 

Electrolysis absorbs close to 15 000 terawatt‐hours (TWh), or 20% of global electricity supply 

in 2050, largely from renewable resources (95%), but also from nuclear power (3%) and fossil 

fuels with CCUS (2%). Natural gas use for hydrogen production with CCUS is 925 bcm in 2050, 

or around 50% of global natural gas demand, with 1.8 Gt CO2 being captured. 

Scaling up deployment of technologies and related manufacturing capacity will be critical to 

reducing  costs.  Water  electrolysers  are  available  on  the  market  today  and  hydrogen 

production from natural gas with CCUS has been demonstrated at a commercial scale (there 

are seven plants in operation around the world). The choice between the two depends on 
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economic factors, mainly the cost of natural gas and electricity, and on whether CO2 storage 

is available. For natural gas with CCUS, production costs in the NZE are around USD 1‐2 per 

kilogramme (kg) of hydrogen in 2050, with gas costs typically accounting for 15‐55% of total 

production costs. For water electrolysis,  learning effects and economies of  scale  result  in 

CAPEX  cost  reductions  of  60%  in  the  NZE  by  2030  compared  to  2020.  Production  cost 

reductions hinge on lowering the cost of  low‐carbon electricity, as electricity accounts for 

50‐85%  of  total  production  costs,  depending  on  the  electricity  source  and  region.  The 

average cost of producing hydrogen from renewables drops in the NZE from USD 3.5‐7.5/kg 

today to around USD 1.5‐3.5/kg  in 2030 and USD 1‐2.5/kg  in 2050 – essentially about the 

same as the cost of producing with natural gas with CCUS. 

Converting hydrogen into other energy carriers, such as ammonia or synthetic hydrocarbon 

fuels, involves even higher costs. But it results in fuels that can be more easily transported 

and  stored,  and which  are  also  often  compatible with  existing  infrastructure  or  end‐use 

technologies (as in the case of ammonia for shipping or synthetic kerosene for aviation). For 

ammonia,  the  additional  synthesis  step  increases  the  production  costs  by  around  15% 

compared with hydrogen (mainly due to additional conversion losses and equipment costs).  

The  relatively  high  cost  of  synthetic  hydrocarbon  fuels  explains  why  their  use  is  largely 

restricted to aviation in the NZE, where alternative low‐carbon options are limited. Synthetic 

kerosene  costs  were  USD 300‐700/barrel  in  2020:  although  these  costs  fall  to 

USD 130‐300/barrel by 2050 in the NZE as the costs of electricity from renewables and CO2 

feedstocks  decline,  the  cost  of  synthetic  kerosene  remains  far  higher  than  the  projected 

USD 25/barrel cost of conventional kerosene in 2050 in the NZE. The supply of CO2, captured 

from bioenergy equipped with CCUS or direct air capture (DAC), needed to make these fuels 

is  a  relevant  cost  factor,  accounting  for  USD 15‐70/barrel  of  the  cost  of  synthetic 

hydrocarbon fuels in 2050. Closing these cost gaps implies penalties for fossil kerosene or 

support  measures  for  synthetic  kerosene  corresponding  to  a  CO2  price  of 

USD 250‐400/tonne. 

Increasing global demand for low‐carbon hydrogen in the NZE provides a means for countries 

to  export  renewable  electricity  resources  that  could  not  otherwise  be  exploited.  For 

example,  Chile  and  Australia  announced  ambitions  to  become  major  exporters  in  their 

national  hydrogen  strategies.  With  declining  demand  for  natural  gas  in  the  NZE,  gas‐

producing countries could join this market by exporting hydrogen produced from natural gas 

with CCUS. Long‐distance transport of hydrogen, however, is difficult and costly because of 

its low energy density, and can add around USD 1‐3/kg of hydrogen to its price. This means 

that,  depending  on  each  country’s  own  circumstances,  producing  hydrogen  domestically 

may  be  cheaper  than  importing  it,  even  if  domestic  production  costs  from  low‐carbon 

electricity  or  natural  gas  with  CCUS  are  relatively  high.  International  trade  nevertheless 

becomes increasingly  important  in the NZE: around half of global ammonia and a third of 

synthetic liquid fuels are traded in 2050.  
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3.3.4 Key milestones and decision points 

Table 3.1 ⊳ Key milestones in transforming low-emissions fuels  

Sector   2020  2030  2050 

Bioenergy       

Share of modern biofuels in modern bioenergy 
(excluding conversion losses) 

20%  45%  48% 

Advanced liquid biofuels (mboe/d)  0.1  2.7  6.2 

Share of biomethane in total gas networks  <1%  2%  20% 

CO2 captured and stored from biofuels production (Mt CO2)  1  150  625 

Hydrogen       

Production (Mt H2)  87  212  528 

    of which: low‐carbon (Mt H2)  9  150  520 

Electrolyser capacity (GW)  <1  850  3 585 

Electricity demand for hydrogen‐related production (TWh)  1  3 850  14 500 

CO2 captured from hydrogen production (Mt CO2)  135  680  1 800 

Number of export terminals at ports for hydrogen and ammonia trade  0  60  150 

Note: mboe/d = million barrels of oil equivalent per day; Mt = million tonnes; H2 = hydrogen. 

Biofuels 

Several  sustainability  frameworks  considering  net  lifecycle  GHG  emissions  and  other 

sustainability indicators exist in different regions, e.g. the Renewable Energy Directive II in 

the  European  Union,  RenovaBio  in  Brazil  and  the  Low‐C  Fuel  Standards  in  California. 

However,  the  scope, methodology  and  sustainability metrics  of  these  frameworks  differ. 

Global  consensus on a  sustainability  framework and  indicators within  the next  few years 

would help stimulate investment; this should be a priority. Such a framework should cover 

all forms of bioenergy (liquid, gaseous and solid) and other low‐emissions fuels, and should 

strive  for  continuous  environmental  performance  improvement.  Certification  schemes 

ideally should be developed in parallel.  

Another early priority is for governments to assess national sustainable biomass feedstock 

potential as soon as possible to establish the quantities and types of wastes, residues and 

marginal lands suitable for energy crops. Assessments should provide the basis for national 

roadmaps  for all  liquid and gaseous biofuels, and strategies  for  low‐emissions  fuels. Early 

decisions will be needed in this context about how to support the sustainable collection of 

wastes  and  residues  from  the  forestry,  agriculture,  animal  and  food  industries  and  from 

advanced municipal solid waste sorting systems: in the NZE, support measures are in place 

by 2025. Measures might usefully include low‐emissions fuels standards that incentivise the 

use of biofuels as feedstock. International knowledge‐sharing would help with the design of 

such measures and assist efficient dissemination of best practices from regions with existing 

collection  systems,  e.g.  for  forestry  residues  in  Nordic  countries  and  used  cooking  oil 

collection in Europe, China and Southeast Asia countries. 
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Governments  will  also  need  to  decide  how  best  to  support  biogas  installations  and 

distribution in order to move away from traditional uses of biomass for cooking and heating 

by  2030.  Such  practices  remain widespread  in  some developing  countries.  They  are  best 

tackled as part of broader programmes to promote clean cooking alongside improving access 

to electricity and LPG. 

Decisions will be needed by 2025 on how best to create markets for sustainable biofuels and 

close the cost gap between biofuels and fossil fuels. Measures will need to incentivise the 

rapid  development  and  deployment  of  advanced  liquid  biofuel  technologies  in  end‐use 

sectors (particularly heavy‐duty trucking, shipping and aviation), using mechanisms such as 

low‐carbon fuel standards, biofuel mandates and CO2 removal credits. Measures that could 

boost  the  scaling  up  of  advanced  biofuels  production  in  the  next  four  years  include: 

incentives for co‐processing bio‐oil in existing oil refineries or fully converting oil refineries 

to  biorefineries;  retrofitting  ethanol  plants  with  CCUS;  and  integrating  cellulosic  ethanol 

production with existing ethanol plants.  

New infrastructure will be needed to provide for the injection of more biomethane into gas 

networks and to transport and store the CO2 captured from ethanol and bio‐FT biofuel plants. 

Governments  should  prioritise  the  co‐development  of  biogas  upgrading  facilities  and 

biomethane injection sites by 2030, ensuring that particular attention is paid to minimising 

fugitive  biomethane  emissions  from  the  supply  chain. Where  biomass  availability  allows, 

governments may see value in encouraging the deployment of biofuel plants with CCUS near 

existing  industrial hubs where  integrated CCUS projects are planned, such as the Humber 

region in the United Kingdom. 

Hydrogen‐based fuels 

An immediate priority should be for governments to assess the opportunities and challenges 

of  developing  a  low‐carbon hydrogen  industry  as  part  of  national  hydrogen  strategies  or 

roadmaps. Decisions will be needed on whether to produce hydrogen domestically from low‐

carbon electricity via water electrolysis or from gas with CCUS or a combination of both, or 

whether to rely on imported hydrogen‐based fuels. Building technology leadership along the 

hydrogen supply chain could help create jobs and stimulate economic growth. 

Decisions will be needed during the next decade on how best to bring down the costs of low‐

carbon  hydrogen  production.  Switching  existing  hydrogen  production  in  industry  and  oil 

refining from unabated fossil fuels to low‐carbon hydrogen is one possible way to ramp up 

low‐carbon hydrogen production in applications that have large demand already available. 

Financial support  instruments, such as contracts  for differences, could help to reduce the 

current  cost  gap  of  low‐carbon  hydrogen  production  compared  to  existing  unabated 

production from fossil fuels. 

Decisions will also be needed on how best to scale up hydrogen. Industrial ports could be a 

good starting point,  since  they may provide access  to  low‐carbon hydrogen supply  in  the 

form of offshore wind or CO2 storage. They also offer scope to promote new port‐related 
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uses for hydrogen, e.g. shipping and delivery trucks, and they could become the first nodes 

of  an  international  hydrogen  trade  network.  The  establishment  of  hydrogen  trade  will 

require  the  development  of  methodologies  to  determine  the  carbon  footprint  of  the 

different  hydrogen  production  routes  and  the  adoption  of  guarantees  of  origin  and 

certification schemes for low‐carbon hydrogen (and hydrogen‐based fuels). 

Blending hydrogen into existing gas networks offers another early avenue to scale up low‐

carbon  hydrogen  production  and  trigger  cost  reductions.  International  harmonisation  of 

safety standards and national regulations on allowed concentrations of hydrogen in gas grids 

would  help  with  this,  as  would  the  adoption  of  blending  quotas  or  low‐emissions  fuel 

standards.  

Repurposing  existing  gas  pipelines,  where  technically  feasible,  with  declining  natural  gas 

demand and connecting large hydrogen demand hubs to transport hydrogen could result in 

low  cost  and  low  regret  opportunities  to  kick‐start  the  development  of  new  hydrogen 

infrastructure. Developing the infrastructure for hydrogen at the pace required in the NZE 

would involve considerable investment risks along the value chain of production, transport 

and  demand  ranging  from  hydrogen  production  technologies  through  to  low‐emissions 

electricity  generation  and  CO2  transport  and  storage.  Governments  and  local  authorities 

could  play  an  important  role  by  co‐ordinating  the planning  processes  among  the  various 

stakeholders; direct public investment or public‐private partnerships could help to develop 

necessary  shared  infrastructure  for  hydrogen;  and  international  co‐operation  and  cross‐

border initiatives could help to share investment burdens and risks and so facilitate large‐

scale deployments, as in the EU Important Projects of Common European Interest. 

3.4 Electricity sector 

3.4.1 Energy and emissions trends in the Net‐Zero Emissions Scenario  

The NZE involves both a significant increase in electricity needs – the result of an increase in 

economic activity, rapid electrification of end‐uses and expansion of hydrogen production by 

electrolysis  –  and  a  radical  transformation  in  the  way  electricity  is  generated.  Global 

electricity demand was 23 230 TWh in 2020 with an average growth rate of 2.3% per year 

over the previous decade. It climbs to 60 000 TWh in 2050 in the NZE, an average increase of 

3.2% per year.  

Emerging  market  and  developing  economies  account  for  75%  of  the  projected  global 

increase in electricity demand to 2050 (Figure 3.9). Their demand increases by half by 2030 

and triples by 2050, driven by expanding population and rising incomes and living standards, 

as well new sources of demand linked to decarbonisation. In advanced economies, electricity 

demand returns to growth after a decade‐long lull, nearly doubling between 2020 and 2050, 

driven mostly by end‐use electrification and hydrogen production. 
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Figure 3.9 ⊳ Electricity demand by sector and regional grouping in the NZE 

 
IEA. All rights reserved.

Electrification of end-uses and hydrogen production raise electricity demand worldwide, 
with a further boost to expand services in emerging market and developing economies 

The transformation of the electricity sector is central to achieving net‐zero emissions in 2050. 

Electricity  generation  is  the  single  largest  source  of  energy‐related  CO2  emissions  today, 

accounting  for  36%  of  total  energy‐related  emissions.  CO2  emissions  from  electricity 

generation  worldwide  totalled  12.3 Gt  in  2020,  of  which  9.1 Gt  was  from  coal‐fired 

generation,  2.7 Gt  from  gas‐fired  plants  and  0.6 Gt  from oil‐fired  plants.  In  the NZE,  CO2 

emissions from electricity generation fall to zero in aggregate in advanced economies in the 

2030s. They fall to zero in emerging market and developing economies around 2040. 

Renewables contribute most to decarbonising electricity in the NZE: global generation from 

renewables nearly triples by 2030 and grows eightfold by 2050 (Figure 3.10). This raises the 

share of renewables in total output from 29% in 2020 to over 60% in 2030 and nearly 90% in 

2050.  Solar PV and wind  race ahead, becoming  the  leading  sources of  electricity  globally 

before  2030:  each  generates  over  23 000 TWh  by  2050,  equivalent  to  about  90%  of  all 

electricity produced in the world in 2020. Pairing battery storage systems with solar PV and 

wind  to  improve  power  system  flexibility  and  maintain  electricity  security  becomes 

commonplace  in  the  late  2020s,  complemented  by  demand  response  for  short  duration 

flexibility  and  hydropower  or  hydrogen  for  flexibility  across  days  or  even  seasons. 

Hydropower is the largest low‐carbon source of electricity today and steadily grows in the 

NZE, doubling by 2050. Generation using bioenergy – in dedicated plants and as biomethane 

delivered through gas networks – doubles to 2030 and increases nearly fivefold by 2050.  
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Figure 3.10 ⊳ Global electricity generation by source in the NZE 

 
IEA. All rights reserved.

Solar and wind power race ahead, raising the share of renewables in total generation  
from 29% in 2020 to nearly 90% in 2050, complemented by nuclear, hydrogen and CCUS 

Nuclear power also makes a significant contribution in the NZE, its output rising steadily by 

40% to 2030 and doubling by 2050, though its overall share of generation is below 10% in 

2050. At its peak in the early 2030s, global nuclear capacity additions reach 30 GW per year, 

five‐times  the  rate  of  the  past  decade.  In  advanced  economies,  lifetime  extensions  for 

existing reactors are pursued in many countries as they are one of the most cost‐effective 

sources  of  low‐carbon  electricity  (IEA,  2019),  while  new  construction  expands  to  about 

4.5 GW  per  year  on  average  from  2021  to  2035,  with  an  increasing  emphasis  on  small 

modular reactors. Despite these efforts, the nuclear share of total generation in advanced 

economies falls from 18% in 2020 to 10% in 2050. Two‐thirds of new nuclear power capacity 

in the NZE is built in emerging market and developing economies mainly in the form of large‐

scale  reactors,  where  the  fleet  of  reactors  quadruples  to  2050.  This  raises  the  share  of 

nuclear in electricity generation in those countries from 5% in 2020 to 7% in 2050 (as well as 

nuclear meeting 4% of commercial heat demand in 2050). 

Nuclear power technologies have advanced in recent years, with several first‐of‐a‐kind large‐

scale reactors completed that include enhanced safety features. While projects have been 

completed  on  schedule  in  China,  Russia  and  the United  Arab  Emirates,  there  have  been 

substantial delays and cost overruns in Europe and the United States. Small modular reactors 

and  other  advanced  reactor  designs  are  moving  towards  full‐scale  demonstration,  with 

scalable designs, lower upfront costs and the potential to improve the flexibility of nuclear 

power in terms of both operations and outputs, e.g. electricity, heat or hydrogen.  

Retrofitting coal‐ and gas‐fired capacity with CCUS or co‐firing with hydrogen‐based  fuels 

enables existing assets to contribute to the transition while cutting emissions and supporting 

electricity  security.  The  best  opportunities  for  CCUS  are  at  large,  young  facilities  with  
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available  space  to  add  capture  equipment  and  in  locations  with  CO2  storage  options  or 

demand for use. Opportunities are concentrated in China for coal‐fired power plants and the 

United States for gas‐fired capacity. While they provide just 2% of total generation from 2030 

to 2050 in the NZE, retrofitted plants capture a total of 15 Gt CO2 emissions over the period.  

Carbon capture technologies remain at an early stage of commercialisation. Two commercial 

power plants have been equipped with CCUS over the past five years, and there are currently 

18 CCUS power projects in development worldwide. Completing these projects in a timely 

manner  and  driving  down  costs  through  learning‐by‐doing  will  be  critical  to  further 

expansion. An alternative would be to retrofit existing coal‐ and gas‐fired power plants to 

co‐fire  high  shares  of  hydrogen‐based  fuels.  In  the  NZE,  hydrogen‐based  fuels  generate 

900 TWh  of  electricity  in  2030  and  1 700 TWh  in  2050  in  this way  (about  2.5%  of  global 

generation  in both years). A  large‐scale (1 GW) demonstration project to co‐fire with 20% 

ammonia  is  underway  in  2021,  with  aims  to  move  towards  ammonia‐only  combustion. 

Manufacturers have signalled that future gas turbine designs will be capable of co‐firing high 

shares of hydrogen. While the investment needed to co‐fire hydrogen‐based fuels looks to 

be modest, relatively high fuel costs point to targeted applications to support power system 

stability and flexibility rather than bulk power. 

The global use of unabated fossil fuels in electricity generation is sharply reduced in the NZE. 

Unabated coal‐fired generation is cut by 70% by 2030, including the phase‐out of unabated 

coal in advanced economies, and phased out in all other regions by 2040. Large‐scale oil‐fired 

generation is phased out in the 2030s. Generation using natural gas without carbon capture 

rises  in the near term, replacing coal, but starts falling by 2030 and is 90% lower by 2040 

compared with 2020. 

The electricity sector  is  the  first  to achieve net‐zero emissions mainly because of  the  low 

costs, widespread policy support and maturity of an array of renewable energy technologies. 

Solar PV is first among them: it is the cheapest new source of electricity in most markets and 

has policy support in more than 130 countries. Onshore wind is also a market‐ready low cost 

technology that is widely supported and can be scaled up quickly, rivalling the low costs of 

solar  PV  where  conditions  are  good,  though  it  faces  public  opposition  and  extensive 

permitting and licensing processes in several markets. Offshore wind technology has been 

maturing rapidly in recent years; its deployment is poised to accelerate in the near term. The 

current  focus  is on fixed‐bottom installations, but  floating offshore wind starts  to make a 

major contribution from around 2030 in the NZE, helping to unlock the enormous potential 

that exists around the world. Hydropower, bioenergy and geothermal technologies are well 

established,  mature  and  flexible  renewable  energy  sources.  As  dispatchable  generating 

options, they will be critical to electricity security, complemented by batteries, which have 

seen sharp cost reductions, have proven their ability to provide high‐value grid services and 

can be built in a matter of months in most locations. Concentrating solar and marine power 

are less mature technologies, but innovation could see them make important contributions 

in the long term.   
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3.4.2 Key milestones and decision points 

Table 3.2 ⊳ Key milestones in transforming global electricity generation 

Category 
 

Decarbonisation of 
electricity sector 

 Advanced economies in aggregate: 2035. 

 Emerging market and developing economies: 2040. 

Hydrogen‐based 
fuels 

 Start retrofitting coal‐fired power plants to co‐fire with ammonia and gas turbines 

to co‐fire with hydrogen by 2025. 

Unabated  
fossil fuel 

 Phase out all subcritical coal‐fired power plants by 2030 (870 GW existing plants 

and 14 GW under construction). 

 Phase out all unabated coal‐fired plants by 2040. 

 Phase out large oil‐fired power plants in the 2030s. 

 Unabated natural gas‐fired generation peaks by 2030 and is 90% lower by 2040. 

Category  2020  2030  2050 

Total electricity generation (TWh)  26 800  37 300  71 200 

Renewables       

Installed capacity (GW)  2 990  10 300  26 600 

Share in total generation  29%  61%  88% 

Share of solar PV and wind in total generation   9%  40%  68% 

Carbon capture, utilisation and storage (CCUS) generation (TWh)       

Coal and gas plants equipped with CCUS  4  460  1 330 

Bioenergy plants with CCUS  0  130  840 

Hydrogen and ammonia       

Average blending in global coal‐fired generation (without CCUS)  0%  3%  100% 

Average blending in global gas‐fired generation (without CCUS)  0%  9%  85% 

Unabated fossil fuels       

Share of unabated coal in total electricity generation  35%  8%  0.0% 

Share of unabated natural gas in total electricity generation  23%  17%  0.4% 

Nuclear power  2016‐20  2021‐30  2031‐50 

Average annual capacity additions (GW)  7  17  24 

Infrastructure     

Electricity networks investment in USD billion (2019)  260  820  800 

Substations capacity (GVA)  55 900  113 000  290 400 

Battery storage (GW)  18  590  3 100 

Public EV charging (GW)  46  1 780  12 400 

Note: GW = gigawatts; GVA = gigavolt amperes. 

Transforming the electricity sector in the way envisioned in the NZE involves large capacity 

additions for all low‐emissions fuels and technologies. Global renewables capacity more than 

triples to 2030 and increases ninefold to 2050. From 2030 to 2050, this means adding more 

than 600 GW of solar PV capacity per year on average and 340 GW of wind capacity per year  

including replacements (Figure 3.11), while offshore wind becomes increasingly  important 
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over time (over 20% of total wind additions from 2021 to 2050, compared with 7% in 2020). 

The  annual  deployment  of  battery  capacity  in  the  electricity  sector  needs  to  scale  up  in 

parallel, from 3 GW in 2019 to 120 GW in 2030 and over 240 GW in 2040. Retrofitting existing 

coal‐ and gas‐fired power plants also needs to get underway. 

Figure 3.11 ⊳ Solar PV and wind installed capacity in the NZE 

 
IEA. All rights reserved.

Solar PV and wind need to scale up rapidly to decarbonise electricity,  
with total solar PV capacity growing 20-fold and wind 11-fold by 2050  

Figure 3.12 ⊳ Global investment in electricity networks in the NZE 

 
IEA. All rights reserved.

Electricity network investment triples to 2030 and remains elevated to 2050, 
 meeting new demand, replacing ageing infrastructure and integrating more renewables 
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Investment  in  electricity  networks will  be  crucial  to  achieving  this  transformation. Global 

electricity  networks  that  took over  130 years  to  build  need  to more  than double  in  total 

length by 2040 and increase by another 25% by 2050. Total grid investment needs to rise to 

USD 820 billion by 2030, and USD 1 trillion in 2040, before falling back after electricity is fully 

decarbonised and the growth of renewables slows to match demand growth (Figure 3.12). 

Replacing ageing infrastructure is an important part of network investment through to 2050 

in the NZE. 

Governments  face  several  key decisions  in  the  electricity  sector  if  they  are  to  follow  the 

pathway to net‐zero emissions by 2050 envisioned in the NZE particularly about how to best 

use  existing  power  plants.  For  retrofits  of  coal‐  or  gas‐fired  capacity,  either with  carbon 

capture or co‐firing with hydrogen‐based fuels (or full conversion), decisions are needed to 

support  first‐of‐a‐kind  projects  before  2030  before  widespread  retirement  of  unabated 

plants becomes necessary. For other fossil fuel power stations, decisions about phase outs 

are  needed.  Coal‐fired  power  plants  should  be  phased  out  completely  by  2040  unless 

retrofitted, starting with the least‐efficient designs by 2030 (Figure 3.13). This would require 

shutting 870 GW of existing subcritical coal capacity globally (11% of all power capacity) and 

international collaboration to facilitate substitutes. By 2040, all  large‐scale oil‐fired power 

plants  should  be  phased  out.  Natural  gas‐fired  generation  remains  an  important  part  of 

electricity supply through to 2050, but strong government support will be needed to ensure 

that CCUS is deployed soon and on a large scale.  

Figure 3.13 ⊳ Coal-fired electricity generation by technology in the NZE 

 
IEA. All rights reserved.

Coal-fired power accounted for 27% of global energy CO2 emissions in 2020, and in the 
NZE, all subcritical plants are phased out by 2030 and all plants without CCUS by 2040 

Notes:  APC  = Announced  Pledges  Case;  IGCC  =  integrated  gasification  combined‐cycle.  Ammonia  includes 

co‐firing and full conversion of coal plants.  
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The path to net‐zero emissions could be facilitated by early government action to help move 

several technologies that provide power system flexibility through the demonstration phases 

and bring them to market. Expanding the set of energy storage technologies to complement 

batteries and addressing emerging needs for longer duration seasonal storage would be of 

particular value. Technical solutions to support the stability of power grids with high shares 

of solar and wind would also benefit from research and development (R&D) support. 

There are three important sets of decisions to be made concerning nuclear power: lifetime 

extensions;  pace  of  new  construction;  and  advances  in  nuclear  power  technology.  In 

advanced  economies,  decisions  need  to  be made  about  new  construction  and  the  large 

number of nuclear power plants that may be retired over the next decade absent action to 

extend  their  lifetimes  and  make  the  required  investment.  Without  further  lifetime 

extensions  and  new  projects  beyond  those  already  under  construction,  nuclear  power 

output  in  advanced  economies  will  decline  by  two‐thirds  over  the  next  two  decades 

(IEA, 2019). In emerging market and developing economies, there are decisions to be made 

about the pace of new nuclear power construction. From 2011 to 2020, an average of 6 GW 

of  new  nuclear  capacity  came  online  each  year.  By  2030,  the  rate  of  new  construction 

increases to 24 GW per year  in the NZE. The third set of decisions concerns the extent of 

government support for advanced nuclear technologies, particularly those related to small 

modular reactors and high‐temperature gas reactors, both of which can expand markets for 

nuclear power beyond electricity. 

Figure 3.14 ⊳ Additional global alternative capacity needed in a Low Nuclear 
and CCUS Case 

 
IEA. All rights reserved.

Sharply reducing the roles of nuclear power and carbon capture would require even faster 
growth in solar PV and wind, making achieving the net zero goal more costly and less likely 

Note: The Low Nuclear and CCUS Case assumes that global nuclear power output is about 60% lower in 2050 
than in the NZE due to no additional lifetime extensions or new nuclear projects in advanced economies and 

no expansion of the current pace of construction in emerging market and developing economies, and that the 

amount of coal‐ and gas‐fired capacity equipped with CCUS is 99% lower than in the NZE. 
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Failing to take timely decisions on nuclear power and CCUS would raise the costs of a net‐

zero emissions pathway and add to the risk of not meeting the goal by placing an additional 

burden on wind and solar to scale up even more quickly than in the NZE (Figure 3.14). In a 

Low Nuclear and CCUS Case, we assume that global nuclear power output is 60% lower in 

2050 than in the NZE as a result of no additional nuclear lifetime extensions or new projects 

in advanced economies and no expansion of the current pace of construction in emerging 

market  and  developing  economies,  and  that  only  the  announced  CCUS  projects  are 

completed (representing 1% of the CCUS capacity added in the NZE).  

Our analysis indicates that the burden of replacing those sources of low‐carbon generation 

would fall mainly on solar PV and wind power, calling for 2 400 GW more capacity than in 

the NZE  –  an  amount  far  exceeding  their  combined  global  capacity  in  operation  in  2020 

(Figure 3.14). There would also be a need for about 480 GW of battery capacity above and 

beyond the 3 100 GW deployed in the NZE, plus more than 300 GW of other dispatchable 

capacity to meet demand in all seasons and ensure system adequacy. This would call for an 

additional USD 2 trillion  investment  in power plants  and  related grid  assets  (net of  lower 

investment in nuclear and CCUS). Taking account of avoided fuel costs, the estimated total 

additional cost of electricity to consumers between 2021 and 2050 is USD 260 billion.  

3.5 Industry 

3.5.1 Energy and emission trends in the Net‐Zero Emissions Scenario  

As  the  second‐largest  global  source  of  energy  sector  CO2  emissions,  industry  has  a  vital 

contribution to make in achieving the net zero goal. Industrial CO2 emissions6 (including from 

energy use and production processes) totalled about 8.4 Gt in 2020. Advanced economies 

accounted for around 20% and emerging market and developing economies for around 80%, 

although complex global supply chains for the production of materials and manufacturing 

mean  that  advanced  economies  generally  consume  far  more  finished  goods  than  they 

produce. 

Three  heavy  industries  –  chemicals,  steel  and  cement  –  account  for  nearly  60%  of  all 

industrial energy consumption and around 70% of CO2 emissions from the industry sector. 

Production  is  highly  concentrated  in  emerging market  and  developing  economies, which 

account for 70‐90% of the combined output of these commodities (Figure 3.15). China alone 

was responsible for almost 60% of both steel and cement production  in 2020. These bulk 

materials  are  essential  inputs  to  our  modern  way  of  life,  with  few  cost‐competitive 

substitutes; the challenge is to carry on producing these materials without emitting CO2.  

The outlook for global materials demand in the NZE is one of plateaus and small increases. 

This is in stark contrast with the growth seen during the last two decades when global steel 

                                                                                                                                   

6 All CO2 emissions  in  this  section  refer  to direct CO2 emissions  from the  industry  sector unless otherwise 

specified. 
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demand rose by 2.1‐times, cement by 2.4‐times and plastics (a key group of material outputs 

from  the  chemical  sector)  by  1.9‐times  in  response  to  global  economic  and  population 

expansion.  When  economies  are  developing,  per  capita  material  demand  tends  to  rise 

rapidly to build up stocks of goods and infrastructure. As economies mature, future demand 

stems primarily from the need to refurbish and replace these stocks, the levels of which tend 

to saturate. In the NZE, flattening or even declining demand in many countries around the 

world leads to slower global demand growth. Some countries such as India see higher growth 

in steel and cement production, while production in China declines considerably following its 

industrial boom period after the turn of the millennium.  

Figure 3.15 ⊳ Global CO2 emissions from industry by sub-sector in the NZE 

 
IEA. All rights reserved.

The majority of residual emissions in industry in 2050 come  
from heavy industries in emerging market and developing economies 

Note: Other includes the production of aluminium, paper, other non‐metallic minerals and other non‐ferrous 

metals, and a series of light industries.  

Certain segments of material demand increase rapidly to support the required expansion of 

energy‐related  infrastructure  in  the  NZE,  notably  renewable  electricity  generation  and 

transport infrastructure. The additional  infrastructure required for these two segments by 

2050  relative  to  today  alone  contributes  roughly  10%  of  steel  demand  in  2050.  But  co‐

ordinated  cross‐sectoral  strategies,  including  modal  shifts  in  transport  and  building 

renovation,  as  well  as  other  changes  in  design,  manufacturing  methods,  construction 

practices and consumer behaviour, more than offset this increase. Overall, global demand 

for  steel  in  2050  is  12% higher  than  today,  primary  chemicals  is  30% higher  and  cement 

demand is broadly flat.  

CO2 emissions  from heavy  industry decline by 20% by 2030 and 93% by 2050  in  the NZE. 

Optimising the operational efficiency of equipment, adopting the best available technologies 

for new capacity additions and measures to improve material efficiency play an important 
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part  in  this.  However,  there  are  limits  to  how much  emissions  can  be  reduced  by  these 

measures.  Almost  60%  of  emissions  reductions  in  2050  in  the  NZE  are  achieved  using 

technologies  that are under development  today  (large prototype or demonstration scale) 

(Figure 3.16).  

Figure 3.16 ⊳ Global CO2 emissions in heavy industry and reductions by 
mitigation measure and technology maturity category in the NZE 

 
IEA. All rights reserved.

An array of measures reduces emissions in heavy industry,  
with innovative technologies like CCUS and hydrogen playing a critical role 

Hydrogen  and  CCUS  technologies  together  contribute  around  50%  of  the  emissions 

reductions in heavy industry in 2050 in the NZE. These technologies enable the provision of 

large amounts of high‐temperature heat, which in many cases cannot be easily provided by 

electricity with current technologies, and help to reduce process emissions from the chemical 

reactions inherent in some industrial production. Bioenergy also makes a contribution in a 

wide array of industrial applications.  

Aside from the need for high‐temperature heat and process emissions, two factors explain 

the slower pace of emissions reductions  in heavy  industries relative to other areas of  the 

energy  system.  First,  the ease with which many  industrial materials  and products  can be 

traded globally means that markets are competitive and margins are low. This leaves little 

room to absorb additional costs stemming from the adoption of more expensive production 

pathways.  It will  take time to develop robust global co‐operation and technology transfer 

frameworks  or  domestic  solutions  to  enable  a  level  playing  field  for  these  technologies. 

Second, heavy  industries use capital‐intensive and  long‐lived equipment, which slows  the 

deployment  of  innovative  low‐emission  technologies.  Capacity  additions  in  the  period  to 

2030 – before a large‐scale roll‐out of innovative processes can take place – largely explain 

the persistence of  industrial emissions  in 2050, more  than 80% of which are  in emerging 

market  and  developing  economies.  Strategically  timed  investment  in  low‐carbon 

technologies could help minimise early retirements (Box 3.1). 
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Box 3.1 ⊳ Investment cycles in heavy industry 

For heavy industry, the year 2050 is just one investment cycle away. Average lifetimes of 

emissions‐intensive assets such as blast furnaces and cement kilns are around 40 years. 

After about 25 years of operation, however, plants often undergo a major refurbishment 

to extend their lifetimes.  

The challenge  is  to ensure  that  innovative near‐zero emissions  industrial  technologies 

that are at large prototype and demonstration stage today reach markets within the next 

decade, when around 30% of existing assets will have reached 25 years of age and thus 

face an investment decision. If these innovative technologies are not ready, or not used 

even  if  ready,  this  would  have  a  major  negative  impact  on  the  pace  of  emissions 

reductions or  risk  an  increase  in  stranded assets  (Figure 3.17).  Conversely,  if  they are 

ready, and if existing plants are retrofit or replaced with them at the 25‐year investment 

decision point, this could reduce projected cumulative emissions to 2050 from existing 

heavy industry assets by around 40%. The critical window of opportunity from now to 

2030 should not be missed. 

Figure 3.17 ⊳ CO2 emissions from existing heavy industrial assets in the NZE 

 
IEA. All rights reserved. 

Intervening at the end of the next 25-year investment cycle could help unlock  
60 Gt CO2, around 40% of projected emissions from existing heavy industry assets 

 

The energy mix  in  industry  changes  radically  in  the NZE.  The  share of  fossil  fuels  in  total 

energy use declines from around 70% today to 30% in 2050. The vast majority of fossil fuels 

still being used then are in heavy industries, mainly as chemical feedstock (50%) or in plants 

equipped  with  CCUS  (around  30%).  Electricity  is  the  dominant  fuel  in  industrial  energy 

demand growth, with its share of total industrial energy consumption rising from 20% in 2020 

to 45% in 2050. Some 15% of this electricity is used to produce hydrogen. Bioenergy plays an 

important role, contributing 15% of total energy use in 2050, but sustainable supplies are 
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limited, and it is also in high demand in the power and transport sectors. Renewable solar 

and geothermal  technologies  to provide heat make a  small but  fast growing contribution 

(Figure 3.18). 

Figure 3.18 ⊳ Global final industrial energy demand by fuel in the NZE 

 
IEA. All rights reserved.

Fossil fuel use in industry is halved by 2050, replaced primarily by electricity and bioenergy 

Notes: Industrial energy consumption includes chemical feedstock and energy consumed in blast furnaces and 

coke ovens. Hydrogen refers to imported hydrogen and excludes captive hydrogen generation. Electricity for 
hydrogen refers to electricity used in the production of captive hydrogen via electrolysis. 

Chemicals production 

In the NZE, emissions from the chemicals sub‐sector fall from 1.3 Gt in 2020 to 1.2 Gt in 2030 

and around 65 Mt in 2050. The share of fossil fuels in total energy use falls from 83% in 2020 

(mostly oil and natural gas), to 76% in 2030 and 61% in 2050. Oil remains the largest fuel 

used in primary chemicals production by 2050 in the NZE, along with smaller quantities of 

gas and coal. 

Technologies  that  are  currently  available  on  the  market  account  for  almost  80%  of  the 

emissions savings achieved globally in the chemical industry by 2030 in the NZE relative to 

today.  They  include  recycling  and  re‐use  of  plastics  and  more  efficient  use  of  nitrogen 

fertilisers, which reduce the demand for primary chemicals, and measures to increase energy 

efficiency. Beyond 2030, the bulk of emissions reductions result from the use of technologies 

whose integration in chemical processes is under development today, including certain CCUS 

applications and electrolytic hydrogen generated directly from variable renewable electricity 

(Figure 3.19).  CCUS‐equipped  conventional  routes  and  pyrolysis  technologies  are  most 

competitive in regions with access to low cost natural gas, while electrolysis is the favoured 

option in regions where the deployment of CCUS is impeded by a lack of infrastructure or 

public acceptance. 
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Figure 3.19 ⊳ Global industrial production of bulk materials by production 
route in the NZE 

 
IEA. All rights reserved.

Near-zero emissions routes dominate cement, primary steel and chemicals  
production by 2050, with key roles for CCUS and hydrogen-based technologies 

Notes: CCUS = carbon capture, utilisation and storage. Chemicals refers to the production of primary chemicals 

(ethylene, propylene, benzene, toluene, mixed xylenes, ammonia and methanol). Steel refers to primary steel 
production.  Other  includes  innovative  processes  that  utilise  bioenergy  and  directly  electrify  production. 

Hydrogen‐based refers to electrolytic hydrogen. Fossil fuel‐based hydrogen with CCUS is included in the CCUS‐

equipped category. 

Iron and steel production 

In the NZE, global CO2 emissions from the iron and steel sub‐sector fall from 2.4 Gt in 2020 

to 1.8 Gt in 2030 and 0.2 Gt in 2050, as the unabated use of fossil fuels falls sharply. Their 

share  of  the  overall  fuel mix  drops  from  85%  today  to  just  over  30%  in  2050.  The  steel 

industry remains one of the last sectors using significant amounts of coal in 2050, primarily 

due to its importance as a chemical reduction agent, albeit mostly in conjunction with CCUS. 

The NZE sees a radical technological transformation of the iron and steel sub‐sector based 

largely on a major shift from coal to electricity. By 2050, electricity and other non‐fossil fuels 

account for nearly 70% of final energy demand in the sector, up from just 15% in 2020. This 

shift  is  driven  by  technologies  such  as  scrap‐based electric  arc  furnaces  (EAF),  hydrogen‐

based  direct  reduced  iron  (DRI)  facilities,  iron  ore  electrolysis  and  the  electrification  of 

ancillary equipment. The share of coal in total energy use drops from 75% in 2020 to 22% by 

2050 in the NZE, of which 90% is used in conjunction with CCUS. 

Technologies that are currently on the market deliver around 85% of emissions savings  in 

steel production to 2030. They include material and energy efficiency measures and a major 

increase in scrap‐based production – which requires only around one‐tenth of the energy of 

primary steel production – driven primarily by increased scrap availability as more products 

reach  their  end‐of‐life.  Partial  hydrogen  injection  into  commercial  blast  furnaces  and DRI 
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furnaces gain pace  in the mid‐2020s, building on pilot projects testing the practice today. 

After 2030, the bulk of emission reductions come from the use of technologies that are under 

development,  including  hydrogen‐based  DRI  and  iron  ore  electrolysis.  Several 

CCUS‐equipped process technologies are deployed in parallel, including innovative smelting 

reduction,  natural  gas‐based  DRI  production  (particularly  in  regions with  low  natural  gas 

prices) and innovative blast furnace retrofit arrangements in regions with relatively young 

plants.  

Cement production 

Producing a tonne of cement today generates around 0.6 tonnes CO2 on average, two‐thirds 

of which are process emissions generated from carbon released from the raw materials used. 

Fossil  fuels – mostly coal plus some petroleum coke – account for 90% of thermal energy 

needs.  

Increased blending of alternative materials into cement to replace a portion of clinker (the 

active  and  most  emissions‐intensive  ingredient),  lower  demand  for  cement  and  energy 

efficiency measures  deliver  around 40% of  the  emissions  savings  in  2030  compared with 

2020. Through use of blended cements, the global clinker‐to‐cement ratio declines from 0.71 

in 2020 to 0.65 in 2030. The ratio continues to decline after 2030, but more slowly, reaching 

0.57  in  2050  (blended  cements  could  reach  a  clinker‐to‐cement  ratio  as  low  as  0.5,  but 

market application potential depends on regional contexts). Limestone and calcined clay are 

the main alternative materials used  in blended  cements by 2050.  Since 0.5  is  the  lowest 

technically achievable clinker‐to‐cement ratio, other measures are needed to achieve deeper 

emission reductions. 

After 2030 in the NZE, the bulk of emissions reductions come from the use of technologies 

that  are  under  development  today.  CCUS  is  the  most  important,  accounting  for  55%  of 

reductions in 2050 relative to today. In many cases, it is more cost‐effective in the NZE to 

apply  CCUS  to  fossil  fuel  combustion  emissions  than  to  switch  to  zero‐emissions  energy 

sources. Coal use is eliminated from cement production by 2050, when natural gas accounts 

for about 40% of thermal energy (up from 15% today), biomass and renewable waste for a 

further 35% (up from less than 5% today), hydrogen and direct electrification for just about 

15%,  and  oil  products  and  non‐renewable  waste  for  the  remainder.  Constraints  on  the 

availability of sustainable biomass supplies prevent  it from claiming a higher share. Direct 

electrification of cement kilns is at the small prototype stage today, and so only starts to be 

deployed after 2040 on a small  scale. From the 2040s, hydrogen provides around 10% of 

thermal energy needs in cement kilns, although blending of small amounts begins earlier. 

Innovative  types of cement based on alternative binding materials  that  limit or avoid  the 

generation of process emissions, and even enable CO2 capture during the curing process, are 

either still at much earlier stages of development relative to other options like CCUS, or have 

limited applicability. 
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Box 3.2 ⊳ What about other industry sub-sectors? 

Steel, cement and chemicals are not the only outputs from the industry sector.  It also 

includes  other  energy‐intensive  sub‐sectors  such  as  aluminium,  paper,  other  non‐

metallic  minerals  and  non‐ferrous  metals,  as  well  as  light  industries  that  produce 

vehicles, machinery, food, timber, textiles and other consumer goods, together with the 

energy consumed in construction and mining operations. 

Emissions from the light industries decline by around 30% by 2030 and around 95% by 

2050 in the NZE. In contrast to the heavy industries, most of the technologies required 

for deep emission reductions in these sub‐sectors are available on the market and ready 

to deploy. This is in part because more than 90% of total heat demand is low/medium‐

temperature, which can be more readily and efficiently electrified. 

Figure 3.20 ⊳ Share of heating technology by temperature level in light 
industries in the NZE 

IEA. All rights reserved. 

The share of electricty in satisfying heat demand for light industries rises  
from less than 20% today to around 40% in 2030 and about 65% in 2050 

Notes: Light industries excludes non‐specified industrial energy consumption. Low/medium‐temperature 
heat corresponds to 0‐400 °C and high‐temperature heat to >400 °C. Other heat sources includes solar 

thermal and geothermal heaters, as well as imported heat from the power and fuel transformation sector. 

Electricity accounts for around 40% of heat demand by 2030 and about 65% by 2050. For 

low‐ (<100 °C) and some medium‐ (100‐400 °C) temperature heat, electrification includes 

an  important  role  for heat pumps  (accounting  for about 30% of  total heat demand  in 

2050). In the NZE, around 500 MW of heat pumps need to be installed every month over 

the next 30 years. Along with electrification,  there are smaller  roles  for hydrogen and 

bioenergy for high‐temperature heat (>400 °C), accounting for around 20% and around 

15% respectively of total energy demand in 2050 (Figure 3.20). The rate of electrolyser 

capacity deployment is much lower than heavy industries, but the unit sizes will also be 
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much  smaller.  About  5%  of  heat  demand  is  satisfied  by  direct  use  of  renewables, 

including solar thermal and geothermal heating technologies.  

Energy  efficiency  also  plays  a  critical  role  in  these  manufacturing  industries,  notably 

through  increased  efficiency  in  electric  motors  (conveyers,  pumps  and  other  driven 

systems). By 2030, 90% of the motor sales in other industries are Class 3 or above.  

3.5.2 Key milestones and decision points 

Table 3.3 ⊳ Key milestones in transforming global heavy industry sub-sectors 

Category 

Heavy industry   2035: virtually, all capacity additions are innovative low‐emissions routes. 

Industrial motors   2035: all electric motors sales are best in class. 

Category  2020  2030  2050 

Total industry       

Share of electricity in total final consumption  21%  28%  46% 

Hydrogen demand (Mt H2)  51  93  187 

CO2 captured (Mt CO2)  3  375  2 800 

Chemicals       

Share of recycling:  reuse in plastics collection  17%  27%  54% 

  reuse in secondary production  8%  14%  35% 

Hydrogen demand (Mt H2)  46  63  83 

  with on‐site electrolyser capacity (GW)  0  38  210 

Share of production via innovative routes  1%  13%  93% 

CO2 captured (Mt CO2)  2  70  540 

Steel       

Recycling, re‐use: scrap as share of input  32%  38%  46% 

Hydrogen demand (Mt H2)  5  19  54 

  with on‐site electrolyser capacity (GW)  0  36  295 

Share of primary steel production:  hydrogen‐based DRI‐EAF  0%  2%  29% 

  iron ore electrolysis‐EAF  0%  0%  13% 

  CCUS‐equipped processes  0%  6%  53% 

CO2 captured  1  70  670 

Cement       

Clinker to cement ratio  0.71  0.65  0.57 

Hydrogen demand (Mt H2)  0  2  12 

Share of production via innovative routes  0%  9%  93% 

CO2 captured (Mt CO2)  0  215  1 355 

Note:  DRI = direct reduced iron; EAF = electric arc furnace. 

From  2030  onwards,  all  new  capacity  additions  in  industry  in  the  NZE  feature  near‐zero 

emissions technologies. Much of the heavy industry capacity that will be added and replaced 
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in  the  coming  years  is  in  emerging market  and  developing  economies;  they may  expect 

financial support from advanced economies. Each month from 2030 to 2050, the NZE implies 

an additional 10 industrial plants equipped with CCUS, three additional fully hydrogen‐based 

industrial plants and 2 GW of extra electrolyser capacity at industrial sites. While challenging, 

this is achievable. For comparison, about 12 heavy industrial facilities were built from scratch 

on average per month in China alone from 2000 to 2015. By 2050, nearly all production in 

heavy industry is with near‐zero emissions technologies. 

Decisive action from governments is imperative to achieve clean energy transitions in heavy 

industry at the scale and pace envisioned in the NZE. Within the next two years, governments 

in advanced economies will need to take decisions about funding for R&D for critical near‐

zero emissions industrial technologies and for mitigating the investment risks associated with 

demonstrating  them  at  scale.  This  should  lead  to  at  least  two  or  three  commercial 

demonstration projects for each technology in different regions, and to market deployment 

by the mid‐2020s. International co‐ordination and co‐operation would facilitate better use 

of resources and help prevent gaps in funding.  

Governments  also  need  to  take  early  decisions  on  large‐scale  deployment  of  near‐zero 

emissions technologies. By 2024 in advanced economies and 2026 in emerging market and 

developing economies, governments should have in place a strategy for incorporating near‐

zero emissions technologies into the next series of capacity additions and replacements for 

steel and chemical plants, which should  include decisions about whether to pursue CCUS, 

hydrogen or a combination of both. If they are to succeed, those strategies need to include 

concrete plans  for developing and financing the necessary  infrastructure  for CCUS and/or 

hydrogen,  together  with  clean  electricity  generation  for  hydrogen  production.  The 

construction of the required infrastructure should begin as soon as possible given the long 

lead‐times involved.  

Within a similar timeframe, governments of countries that produce cement should decide 

how  to  develop  the  necessary  CCUS  infrastructure  for  that  sub‐sector,  including  the 

necessary legal and regulatory frameworks. Importing countries should make plans to move 

progressively  to  exclusive  use  of  low‐emissions  cement,  which  may  involve  the  need  to 

support the development of CCUS‐equipped facilities elsewhere in order to ensure supplies 

and to avoid a disproportionate burden being placed on other countries. 

Strategies must be underpinned by specific policies. By 2025, all countries should have a long‐

term CO2 emissions reduction policy framework in place to provide certainty that the next 

wave  of  investment  in  capacity  additions  will  feature  near‐zero  emissions  technologies. 

Successful  strategies  are  likely  to  require  initial  measures  such  as  carbon  contracts  for 

difference, public procurement and incentives to encourage private sector procurement. As 

new technologies are deployed and costs decline, there is likely to be a strong case by about 

2030 for replacing these initial measures with others such as CO2 taxes, emissions trading 

systems and emissions performance standards. Financing support  for near‐zero emissions 

capacity additions may also have an important role to play through measures such as low 

interest and concessional  loans and blended  finance, as well  as  through contributions by 
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advanced  economies  to  funds  that  support  projects  in  emerging market  and  developing 

economies. Strategies should also include measures to reduce industrial emissions through 

material  efficiency,  for  example  by  revising  design  regulations,  adopting  incentives  to 

promote  longer  product  and  building  lifetimes,  and  improving  systems  for  collecting  and 

sorting materials for recycling. 

There is a strong case for an international agreement on the transition to near‐zero emissions 

for  globally  traded  products  by  the  mid‐2020s  so  as  to  establish  a  level  playing  field. 

Alternatively,  countries  may  need  to  resort  to  measures  to  shield  domestic  near‐zero 

emissions production from competition from products that create emissions. Any such policy 

would need to be designed to respect the regulatory  frameworks governing  international 

trade, such as those of the World Trade Organization. 

Even with accelerated innovation timelines and strong policies in place, some high‐emitting 

capacity  additions will  be  needed  to meet  demand  in  the  next  decade  before  near‐zero 

emissions technologies are available. It would make sense for governments to require any 

new capacity to incorporate retrofit‐ready designs so that unabated capacity added in the 

next  few  years  has  the  technical  capacity  and  space  requirement  to  integrate  near‐zero 

emissions technologies in coming years. Beyond 2030, investment in the NZE is confined to 

innovative near‐zero emissions process routes. 

Governments  should not overlook  the need  for measures  to  spur deployment of  already 

available  near‐zero  emissions  technologies  in  light  manufacturing  industries.  Adopting  a 

carbon price and then sufficiently increasing the price over time – through carbon taxes or 

emissions trading systems for  larger manufacturers – may be the simplest way to achieve 

that objective. Other regulatory measures such as tradeable low‐carbon fuel and emissions 

standards could yield the same outcome, but may involve greater administrative complexity. 

Technology mandates are likely to be needed to achieve the energy efficiency savings in the 

NZE, such as minimum energy performance standards for new motors and boilers. Tailored 

programmes and incentives for small and medium enterprises could also play a helpful role. 

3.6 Transport 

3.6.1 Energy and emission trends in the Net‐Zero Emissions Scenario  

The global transport sector emitted over 7 Gt CO2 in 2020, and nearly 8.5 Gt in 2019 before 

the Covid‐19 pandemic.7 In the NZE, transport sector CO2 emissions are slightly over 5.5 Gt 

in 2030. By 2050 they are around 0.7 Gt – a 90% drop relative to 2020 levels. CO2 emissions 

decline even with rapidly rising passenger travel, which nearly doubles by 2050, and rising 

freight activity, which increases by two‐and‐a‐half‐times from current levels, and an increase 

in the global passenger car fleet from 1.2 billion vehicles in 2020 to close to 2 billion in 2050. 

                                                                                                                                   

7 Unless otherwise noted, CO2 emissions reported here are direct emissions from fossil fuel combusted during 

the operation of vehicles. 
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The  transport modes  do  not  decarbonise  at  the  same  rate  because  technology maturity 

varies markedly between them (Figure 3.21). CO2 emissions from two/three‐wheelers almost 

cease by 2040, followed by cars, vans and rail in the late 2040s. Emissions from heavy trucks, 

shipping  and  aviation  fall  by  an  annual  average  of  6%  between  2020  and  2050,  but  still 

collectively amount to more than 0.5 Gt CO2 in 2050. This reflects projected activity growth 

and that many of the technologies needed to reduce CO2 emissions in long distance transport 

are  currently  under  development  and  do  not  start  to make  substantial  inroads  into  the 

market in the coming decade.  

Figure 3.21 ⊳ Global CO2 transport emissions by mode and share of emissions 
reductions to 2050 by technology maturity in the NZE 

 
IEA. All rights reserved.

Passenger cars can make use of low-emissions technologies on the market, but major 
advances are needed for heavy trucks, shipping and aviation to reduce their emissions 

Notes:  Other  road  =  two/three  wheelers  and  buses.  Shipping  and  aviation  include  both  domestic  and 

international operations. See Box 2.4 for details on the maturity categories. 

Decarbonisation of the transport sector in the NZE relies on policies to promote modal shifts 

and  more  efficient  operations  across  passenger  transport  modes  (see  sections 

2.5.7 and 4.4.3),8 as well as improvements in energy efficiency. It also depends on two major 

technology transitions: shifts towards electric mobility (electric vehicles [EVs] and fuel cell 

electric vehicles  [FCEVs])9 and shifts  towards higher  fuel blending ratios and direct use of 

                                                                                                                                   

8  Examples  of  efficient  operations  include:  seamless  integration  of  various  modes  (inter‐modality)  and 
“Mobility as a Service” in passenger transport; logistics measures in road freight, e.g. backhauling, night‐time 

deliveries, real‐time routing; slow steaming in shipping; and air traffic management, e.g. landing and take‐off 

scheduling in aviation. 
9 EVs include battery electric vehicles, plug‐in hybrid electric‐gasoline vehicles and plug‐in hybrid electric‐diesel 

vehicles. FCEVs contain a battery and electric motor and are capable of operating without tailpipe emissions. 
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low‐carbon  fuels  (biofuels  and  hydrogen‐based  fuels).  These  shifts  are  likely  to  require 

interventions to stimulate investment in supply infrastructure and to incentivise consumer 

uptake.  

Transport has traditionally been heavily reliant on oil products, which accounted for more 

than  90%  of  transport  sector  energy  needs  in  2020  despite  inroads  from  biofuels  and 

electricity (Figure 3.22). In the NZE, the share of oil drops to less than 75% in 2030 and slightly 

over 10% by 2050. By the early 2040s, electricity becomes the dominant fuel in the transport 

sector worldwide in the NZE: it accounts for nearly 45% of total final consumption in 2050, 

followed by hydrogen‐based fuels (28%) and bioenergy (16%). Biofuels almost reach a 15% 

blending share in oil products by 2030 in road transport, which reduces oil needs by around 

4.5 million barrels of oil equivalent per day (mboe/d). Beyond 2030, biofuels are increasingly 

used for aviation and shipping, where the scope for using electricity and hydrogen is more 

limited. Hydrogen carriers (such as ammonia) and low‐emissions synthetic fuels also supply 

increasing shares of energy demand in these modes. 

Figure 3.22 ⊳ Global transport final consumption by fuel type and mode  
in the NZE 

 
IEA. All rights reserved.

Electricity and hydrogen-based fuels account for more than  
70% of transport energy demand by 2050 

Note: LDVs = Light‐duty vehicles; Other road = two/three wheelers and buses. 

Road vehicles 

Electrification plays  a  central  role  in decarbonising  road  vehicles  in  the NZE. Battery  cost 

declines of almost 90% in a decade have boosted sales of electric passenger cars by 40% on 

average  over  the  past  five  years.  Battery  technology  is  already  relatively  commercially 

competitive. FCEVs start to make inroads in the 2020s in the NZE. The electrification of heavy 

trucks  moves  more  slowly  due  to  the  weight  of  the  batteries,  high  energy  and  power 
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requirements required for charging, and limits on driving ranges. But fuel cell heavy trucks 

make significant progress, mainly after 2030 (Figure 3.23). The number of battery electric, 

plug‐in hybrid and fuel cell electric light‐duty vehicles (cars and vans) on the world’s roads 

reaches 350 million  in 2030 and almost 2 billion  in 2050, up  from 11 million  in 2020. The 

number of electric two/three‐wheelers also rises rapidly, from just under 300 million today 

to 600 million in 2030 and 1.2 billion in 2050. The electric bus fleet expands from 0.5 million 

in 2020 to 8 million in 2030 and 50 million in 2050.  

Figure 3.23 ⊳ Global share of battery electric, plug-in hybrid and fuel cell 
electric vehicles in total sales by vehicle type in the NZE 

IEA. All rights reserved.

Sales of battery electric, plug-in hybrid and fuel cell electric vehicles soar globally 

Note: Light‐duty vehicles = passenger cars and vans; Heavy trucks = medium‐ and heavy‐freight trucks. 

Light‐duty vehicles are electrified faster in advanced economies over the medium term and 

account  for  around  75%  of  sales  by  2030.  In  emerging  and  developing  economies,  they 

account for about 50% of sales. Almost all light‐duty vehicle sales in advanced economies are 

battery electric, plug‐in hybrid or fuel cell electric by the early 2030s and in emerging and 

developing economies by the mid‐2030s. 

For heavy  trucks  that operate over  long distances,  currently biofuels  are  the main  viable 

commercial alternative to diesel, and they play an important role in lowering emissions from 

heavy‐duty  trucks  over  the  2020s.  Beyond  2030,  the  number  of  electric  and  hydrogen‐

powered heavy trucks increases in the NZE as supporting infrastructure is built and as costs 

decline (lower battery costs, energy density improvements and lower costs to produce and 

deliver  hydrogen)  (IEA,  2020b).  This  coincides  with  a  reduction  in  the  availability  of 

sustainable bioenergy, as limited supplies increasingly go to hard‐to‐abate segments such as 

aviation and  shipping,  though biofuels  still meet  about 10% of  fuel  needs  for heavy‐duty 

trucks in 2050 (see Chapter 2). Advanced economies have a higher market share of battery 
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electric and fuel cell electric heavy‐duty trucks sales in 2030, more than twice the level  in 

emerging market and developing economies, although this gap closes towards 2050. 

Figure 3.24 ⊳ Heavy trucks distribution by daily driving distance, 2050 

 
IEA. All rights reserved.

Driving distance is the key factor affecting powertrain choice for trucks 

Realising  the objectives of  the NZE depends on rapid scaling up of battery manufacturing 

(current announced production capacity for 2030 would cover only 50% of required demand 

in  that  year),  and  on  the  rapid  introduction  on  the  market  of  next  generation  battery 

technology  (solid  state batteries)  between 2025 and 2030.  Electrified  road  systems using 

conductive or inductive power transfer to provide electricity to trucks offer an alternative for 

battery electric and fuel cell electric trucks on long‐distance operations, but these systems 

too would need rapid development and deployment. 

Aviation10 

The NZE assumes that air travel, measured  in revenue‐passenger kilometres,  increases by 

only around 3% per year to 2050 relative to 2020. This compares with about around 6% over 

the 2010‐19 period. The NZE assumes that aviation growth is constrained by comprehensive 

government policies that promote a shift towards high‐speed rail and rein in expansion of 

long‐haul  business  travel,  e.g.  through  taxes  on  commercial  passenger  flights  (see 

section 2.5.2).  

Global CO2 emissions from aviation rise in the NZE from about 640 Mt in 2020 (down from 

around 1 Gt in 2019) to a peak of 950 Mt by around 2025. Emissions then fall to 210 Mt in 

2050 as the use of low‐emissions fuels grows. Emissions are hard to abate because aviation 

                                                                                                                                   

10  Aviation  considered  here  includes  both  domestic  and  international  flights. While  the  focus  here  is  on 

commercial  passenger  aviation,  dedicated  freight  and  general  (military  and  private)  aviation,  which 
collectively account for more than 10% of fuel use and emissions, are also included in the energy and emissions 

accounting. 
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requires  fuel with a high energy density.  Emissions  in aviation  comprise  just over 10% of 

unabated CO2 emissions from fossil fuels and industrial processes in 2050.  

In the NZE, the global use of jet kerosene declines to about 3 EJ in 2050 from 9 EJ in 2020 

(and around 14.5 EJ in 2019 before the Covid‐19 crisis), and its share of total energy use falls 

from  almost  100%  to  just  over  20%.  The  use  of  sustainable  aviation  fuel  (SAF)  starts  to 

increase significantly  in  the  late‐2020s.  In 2030, around 15% of  total  fuel  consumption  in 

aviation is SAF, most of which is biojet kerosene (a type of liquid biofuel). This is estimated 

to increase the ticket price for a mid‐haul flight (1 200 km) by about USD 3 per passenger. By 

2050,  biojet  kerosene  meets  45%  of  total  fuel  consumption  in  aviation  and  synthetic 

hydrogen‐based fuels meet about 30%. This  is estimated to  increase the ticket price for a 

mid‐haul flight in 2050 by about USD 10 per passenger. The NZE also sees the adoption of 

commercial battery electric and hydrogen aircraft from 2035, but they account for less than 

2% of fuel consumption in 2050. 

Operational  improvements,  together  with  fuel  efficiency  technologies  for  airframes  and 

engines, also help to reduce CO2 emissions by curbing the pace of fuel demand growth in the 

NZE.  These  improvements  are  incremental,  but  revolutionary  technologies  such  as  open 

rotors, blended wing‐body airframes and hybridisation could bring further gains and enable 

the industry to meet the International CiviI Aviation Organization’s (ICAO) ambitious 2050 

efficiency targets (IEA, 2020b). 

Maritime shipping11 

Maritime  shipping was  responsible  for  around  830 Mt  CO2  emissions worldwide  in  2020 

(880 Mt CO2 in 2019), which is around 2.5% of total energy sector emissions. Due to a lack of 

available  low‐carbon  options  on  the  market  and  the  long  lifetime  of  vessels  (typically 

25‐35 years),  shipping  is  one  of  the  few  transport  modes  that  does  not  achieve  zero 

emissions by 2050 in the NZE. Nevertheless, emissions from shipping decline by 6% annually 

to 120 Mt CO2 in 2050. 

In the short term, there is considerable potential for curbing fuel consumption in shipping 

through measures  to optimise operational efficiency and  improve energy efficiency. Such 

approaches include slow steaming and the use of wind‐assistance technologies (IEA, 2020b). 

In  the medium  to  long  term,  significant  emissions  reductions  are  achieved  in  the NZE by 

switching to low‐carbon fuels such as biofuels, hydrogen and ammonia. Ammonia looks likely 

to  be  a  particularly  good  candidate  for  scaling  up,  and  a  critical  fuel  for  long‐range 

transoceanic journeys that need fuel with high energy density. 

Ammonia and hydrogen are the main low‐carbon fuels for shipping adopted over the next 

three decades  in  the NZE,  their  combined  share of  total  energy  consumption  in  shipping 

reaching around 60% in 2050. The 20 largest ports in the world account for more than half 

of global cargo (UNCTAD, 2018); they could become industrial hubs to produce hydrogen and 

                                                                                                                                   

11 Maritime shipping here includes both domestic and international operations.  
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ammonia  for  use  in  both  chemical  and  refining  industries,  as well  as  for  refuelling  ships. 

Internal combustion engines for ammonia‐fuelled vessels are currently being developed by 

two of the largest manufacturers of maritime engines and are expected to become available 

on  the market by 2024. Sustainable biofuels provide almost 20% of  total  shipping energy 

needs  in 2050.  Electricity plays  a  very minor  role,  as  the  relatively  low energy density of 

batteries  compared with  liquid  fuels makes  it  suitable  only  for  shipping  routes  of  up  to 

200 km.  Even  with  an  85%  increase  in  battery  energy  density  in  the  NZE  as  solid  state 

batteries come to market, only short‐distance shipping routes can be electrified.  

Rail 

Rail transport is the most energy‐efficient and least carbon‐intensive way to move people 

and second only to shipping for carrying goods. Passenger rail almost doubles  its share of 

total transport activity to 20% by 2050 in the NZE, with particularly rapid growth in urban 

and high‐speed  rail  (HSR),  the  latter of which  contributes  to  curbing growth  in air  travel. 

Global CO2 emissions from the rail sector fall from 95 Mt CO2 in 2020 (100 Mt CO2 in 2019) 

to almost zero by 2050 in the NZE, driven primarily by rapid electrification. 

Figure 3.25 ⊳ Global energy consumption by fuel and CO2 intensity in  
non-road sectors in the NZE 

 
IEA. All rights reserved.

Railways rely heavily on electricity to decarbonise, while shipping and aviation  
curb emissions mainly by switching to low-emissions fuels 

Note: Synthetic fuel = low‐emissions synthetic hydrogen‐based fuels. 

In the NZE, all new tracks on high‐throughput corridors are electrified from now on, while 

hydrogen and battery electric trains, which have recently been demonstrated in Europe, are 

adopted on rail lines where throughput is too low to make electrification economically viable. 

Oil use, which accounted for 55% of total energy consumption in the rail sector in 2020, falls 

to almost zero in 2050: it is replaced by electricity, which provides over 90% of rail energy 

needs and by hydrogen which provides another 5%. 
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3.6.2 Key milestones and decision points 

Table 3.4 ⊳ Key milestones in transforming the global transport sector 

Category 
 

Road transport   2035: no new passenger internal combustion engine car sales globally 

Aviation and 
shipping 

 Implementation of strict carbon emissions intensity reduction targets as soon as 

possible. 

Category  2020  2030  2050 

Road transport       

Share of PHEV, BEV and FCEV in sales:  cars  5%  64%  100% 

  two/three‐wheelers  40%  85%  100% 

  bus  3%  60%  100% 

  vans  0%  72%  100% 

  heavy trucks  0%  30%  99% 

Biofuel blending in oil products  5%  13%  41% 

Rail       

Share of electricity and hydrogen in total energy consumption  43%  65%  96% 

Activity increase due to modal shift (index 2020=100)  100  100  130 

Aviation       

Synthetic hydrogen‐based fuels share in total aviation energy consumption 0%  2%  33% 

Biofuels share in total aviation energy consumption  0%  16%  45% 

Avoided demand from behaviour measures (index 2020=100)  0  20  38 

Shipping       

Share in total shipping energy consumption:  Ammonia  0%  8%  46% 

  Hydrogen  0%  2%  17% 

  Bioenergy  0%  7%  21% 

Infrastructure       

EV public charging (million units)  1.3  40  200 

Hydrogen refuelling units  540  18 000  90 000 

Share of electrified rail lines  34%  47%  65% 

Note: PHEV = plug‐in hybrid electric vehicles; BEV = battery electric vehicles; FCEV = fuel cell electric vehicles. 

Electrification  is  the main option  to  reduce CO2 emissions  from  road and  rail modes,  the 

technologies are already on the market and should be accelerated  immediately,  together 

with the roll‐out of recharging infrastructure for EVs. Deep emission reductions in the hard‐

to‐abate  sectors  (heavy  trucks,  shipping  and  aviation)  require  a massive  scale  up  of  the 

required technologies over the next decade, which today are largely at the prototype and 

demonstration stages, together with plans for the development of associated infrastructure, 

including hydrogen refuelling stations. 
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The transformation of transport required to be on track to reduce emissions in line with the 

NZE calls for a range of government decisions over the next decade. In the next few years, 

all  governments  need  to  eliminate  fossil  fuel  subsidies  and  encourage  switching  to  low‐

carbon technologies and fuels across the entire transport sector. Before 2025, governments 

need to define clear R&D priorities for all the technologies that can contribute to decarbonise 

transport in line with their strategic priorities and needs. Ideally this would be informed by 

international dialogue and collaboration. R&D is critical in particular for battery technology, 

which should be an immediate priority. 

To achieve the emissions reductions required by the NZE, governments also need to move 

quickly to signal the end of sales of new internal combustion engine cars. Early commitments 

would help the private sector to make the necessary investment in new powertrains, relative 

supply chains and refuelling infrastructure (see section 4.3.4). This is particularly important 

for the supply of battery metals, which require long‐term planning (IEA, 2021a). 

By  2025,  the  large‐scale  deployment  of  EV  public  charging  infrastructure  in  urban  areas 

needs to be sufficiently advanced to allow households without access to private chargers to 

opt  for  EVs.  Governments  should  ensure  sustainable  business  models  for  companies 

installing chargers, remove barriers to planning and construction, and put in place regulatory, 

fiscal and technological measures to enable and encourage smart charging, and to ensure 

that EVs support electricity grid stability and stimulate the adoption of variable renewables 

(IEA, 2021b).  

For  heavy  trucks,  battery  electric  trucks  are  just  beginning  to  become  available  on  the 

market, and fuel cell electric technologies are expected to come to market in the next few 

years. Working in collaboration with truck manufacturers, governments should take steps in 

the near term to prioritise the rapid commercial adoption of battery electric and fuel cell 

electric  trucks.  By  2030,  they  should  take  stock  of  the  competitive  prospects  for  these 

technologies, so as to focus R&D on the most important challenges and allow adequate time 

for strategic infrastructure deployment, thus paving the way for large‐scale adoption during 

the 2030s. 

Governments need to define their strategies for low‐carbon fuels in shipping and aviation by 

2025 at the latest, given the slow turnover rate of the fleets, after which they should rapidly 

implement  them.  International  co‐operation  and  collaboration will  be  crucial  to  success. 

Priority action should target the most heavily used ports and airports so as to maximise the 

impact of initial investment. Harbours near industrial areas are ideally placed to become low‐

carbon fuel hubs.  
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Box 3.3 ⊳ What would be the implications of an all-electric approach to 
emissions reductions in the road transport sector? 

The use of a variety of fuels in road transport is a core component of the NZE. However, 

governments might want to consider an all‐electric route to eliminate CO2 emissions from 

transport, especially  if other technologies such as FCEVs and advanced biofuels  fail  to 

develop as projected. We have therefore developed an All‐Electric Case which looks at 

the implications of electrifying all road vehicle modes. In the NZE, decarbonisation of road 

transport occurs primarily via  the adoption of plug‐in hybrid electric vehicles  (PHEVs), 

battery electric vehicles (BEVs), fuel cell electric vehicles (FCEVs) and advanced biofuels. 

The All‐Electric Case assumes the same rate of road transport decarbonisation as the NZE, 

but achieved via battery electric vehicles alone.  

The All‐Electric Case depends on even further advances in battery technologies than the 

NZE that lead to energy densities of at least 400 Watt hours per kilogramme (Wh/kg) by 

the 2030s at costs that would make BEV trucks preferable to FCEV trucks  in  long‐haul 

operations. This would mean 30% more BEVs (an additional 350 million) on the road in 

2030 than in the NZE. Over sixty five million public chargers would be needed to support 

the vehicles,  requiring a cumulative  investment of around USD 300 billion, 35% higher 

than the NZE. This would require faster expansion of battery manufacturing. The annual 

global  battery  capacity  additions  for  BEVs  in  2030 would  be  almost  9 TWh,  requiring 

80 giga‐factories (assuming 35 GWh per year output) more than in the NZE, or an average 

of over two per month from now to 2030. 

The increased use of electricity for road transport would also create additional challenges 

for the electricity sector. The total electricity demand for road transport (11 000 TWh or 

15% of total electricity consumption in 2050), would be roughly the same in both cases, 

when account  is  taken of demand  for electrolytic hydrogen. However,  the electrolytic 

hydrogen  in  the  NZE  can  be  produced  flexibly,  in  regions  and  at  times  with  surplus 

renewables‐based capacity and from dedicated (off‐grid) renewable power. Peak power 

demand  in  the  All‐Electric  Case,  taking  into  consideration  the  flexibility  that  enables 

smart charging of cars, is about one‐third (2 000 GW) higher than in the NZE, mainly due 

to  the additional evening/overnight  charging of buses and  trucks.  If not  coupled with 

energy storage devices, ultra‐fast chargers for heavy‐duty vehicles could cause additional 

spikes in demand, putting even more strain on electricity grids. 

While  full  electrification  of  road  transport  is  possible,  it  could  involve  additional 

challenges  and  undesirable  side  effects.  For  example,  it  could  increase  pressure  on 

electricity  grids,  requiring  significant  additional  investment,  and  increasing  the 

vulnerability  of  the  transport  system  to  power  disruptions.  Fuel  diversification  could 

bring benefits in terms of resilience and energy security.  

1920  



 

Chapter 3 | Sectoral pathways to net-zero emissions by 2050 141

 

3

Figure 3.26 ⊳ Global electricity demand and battery capacity for road 
transport in the NZE and the All-Electric Case 

 
IEA. All rights reserved. 

Both direct electricity consumption and vehicle battery capacity in 2050 
 increase by about a quarter in the All-Electric Case relative to the NZE 

Note: AEC = All‐Electric Case. 

3.7 Buildings 

3.7.1 Energy and emission trends in the Net‐Zero Emissions Scenario  

Floor area in the buildings sector worldwide is expected to increase 75% between 2020 and 

2050, of which 80% is in emerging market and developing economies. Globally, floor area 

equivalent to the surface of the city of Paris is added every week through to 2050. Moreover, 

buildings in many advanced economies have long lifetimes and around half of the existing 

buildings stock will still be standing in 2050. Demand for appliances and cooling equipment 

continues  to  grow,  especially  in  emerging  market  and  developing  economies  where 

650 million air  conditioners are added by 2030 and another 2 billion by 2050  in  the NZE. 

Despite this demand growth, total CO2 emissions from the buildings sector decline by more 

than 95% from almost 3 Gt in 2020 to around 120 Mt in 2050 in the NZE.12   

Energy  efficiency  and  electrification  are  the  two  main  drivers  of  decarbonisation  of  the 

buildings sector in the NZE (Figure 3.27). That transformation relies primarily on technologies 

                                                                                                                                   

12  All  CO2  emissions  in  this  section  refer  to direct  CO2  emissions unless  otherwise  specified.  The NZE  also 

pursues reductions in emissions linked to construction materials used in buildings. These embodied emissions 

are cut by 40% per square metre of new floor area by 2030, with material efficiency strategies cutting cement 
and steel use by 50% by 2050 relative to today through measures at the design, construction, use and end‐of‐

life phases. 
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already  available  on  the  market,  including  improved  envelopes  for  new  and  existing 

buildings,  heat  pumps,  energy‐efficient  appliances,  and  bioclimatic  and material‐efficient 

building  design.  Digitalisation  and  smart  controls  enable  efficiency  gains  that  reduce 

emissions  from  the  buildings  sector  by  350 Mt CO2  by  2050.  Behaviour  changes  are  also 

important in the NZE, with a reduction of almost 250 Mt CO2 in 2030 reflecting changes in 

temperature  settings  for  space  heating  or  reducing  excessive  hot  water  temperatures. 

Additional behaviour changes such as greater use of cold temperature clothes washing and 

line  drying,  facilitate  the  decarbonisation  of  electricity  supply.  There  is  scope  for  these 

reductions to be achieved rapidly and at no cost. 

Figure 3.27 ⊳ Global direct CO2 emissions reductions by mitigation measure in 
buildings in the NZE 

 
IEA. All rights reserved.

Electrification and energy efficiency account for nearly 70% of buildings-related emissions 
reductions through to 2050, followed by solar thermal, bioenergy and behaviour 

Notes:  Activity  =  change  in  energy  service  demand  related  to  rising  population,  increased  floor  area  and 
income per capita. Behaviour = change in energy service demand from user decisions, e.g. changing heating 

temperatures.  Avoided  demand  =  change  in  energy  service  demand  from  technology  developments,  e.g. 

digitalisation.  

Rapid shifts to zero‐carbon‐ready technologies see the share of fossil fuels in energy demand 

in the buildings sector drop to 30% by 2030, and to 2% by 2050  in the NZE. The share of 

electricity in the energy mix reaches almost 50% by 2030 and 66% by 2050, up from 33% in 

2020 (Figure 3.28). All end‐uses today dominated by fossil fuels are increasingly electrified in 

the NZE, with the share of electricity in space heating, water heating and cooking increasing 

from less than 20% today to more than 40% in 2050. District energy networks and low‐carbon 

gases, including hydrogen‐based fuels, remain significant in 2050 in regions with high heating 

needs, dense urban populations and existing gas or district heat networks. Bioenergy meets 

nearly one‐quarter of overall heat demand in the NZE by 2050, over 50% of bioenergy use is 

for  cooking,  nearly  all  in  emerging  market  and  developing  economies,  where  2.7 billion 
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people gain access to clean cooking by 2030 in the NZE. Space heating demand drops by two‐

thirds between 2020 and 2050, driven by improvement in energy efficiency and behavioural 

changes such as the adjustment of temperature set points.  

Figure 3.28 ⊳ Global final energy consumption by fuel and end-use 
application in buildings in the NZE 

 
IEA. All rights reserved.

Fossil fuel use in the buildings sector declines by 96% and space heating energy needs  
by two-thirds to 2050, thanks mainly to energy efficiency gains 

Note: Other  includes desalination and  traditional use of  solid  biomass which  is not  allocated  to a  specific 

end‐use.  

Zero‐carbon‐ready buildings 

The NZE pathway for the buildings sector requires a step change improvement in the energy 

efficiency and flexibility of the stock and a complete shift away from fossil fuels. To achieve 

this, more  than 85% of buildings need  to  comply with  zero‐carbon‐ready building energy 

codes  by  2050  (Box 3.4).  This  means  that  mandatory  zero‐carbon‐ready  building  energy 

codes for all new buildings need to be introduced in all regions by 2030, and that retrofits 

need  to  be  carried  out  in most  existing  buildings  by  2050  to  enable  them  to meet  zero‐

carbon‐ready building energy codes. 

Retrofit rates increase from less than 1% per year today to about 2.5% per year by 2030 in 

advanced economies: this means that around 10 million dwellings are retrofitted every year. 

In emerging market and developing economies, building lifetimes are typically lower than in 

advanced economies, meaning that retrofit rates by 2030 in the NZE are lower, at around 2% 

per year. This requires the retrofitting of 20 million dwellings per year on average to 2030. 

To  achieve  savings  at  the  lowest  cost  and  to  minimise  disruption,  retrofits  need  to  be 

comprehensive and one‐off.  
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Box 3.4 ⊳ Towards zero-carbon-ready buildings 

Achieving  decarbonisation  of  energy  use  in  the  sector  requires  almost  all  existing 

buildings to undergo a single  in‐depth retrofit by 2050, and new construction to meet 

stringent efficiency standards. Building energy codes covering new and existing buildings 

are  the  fundamental  policy  instrument  to  drive  such  changes.  Building  energy  codes 

currently exist or are under development in only 75 countries, and codes in around 40 of 

these countries are mandatory for both the residential and services sub‐sectors. In the 

NZE, comprehensive zero‐carbon‐ready building codes are implemented in all countries 

by 2030 at the latest. 

What is a zero‐carbon‐ready building?  

A zero‐carbon‐ready building is highly energy efficient and either uses renewable energy 

directly,  or  uses  an  energy  supply  that  will  be  fully  decarbonised  by  2050,  such  as 

electricity or district heat. This means that a zero‐carbon‐ready building will become a 

zero‐carbon  building  by  2050,  without  any  further  changes  to  the  building  or  its 

equipment. 

Zero‐carbon‐ready buildings should adjust to user needs and maximise the efficient and 

smart  use  of  energy,  materials  and  space  to  facilitate  the  decarbonisation  of  other 

sectors. Key considerations include:  

 Scope. Zero‐carbon‐ready building energy codes should cover building operations 

(scope 1 and 2) as well as emissions from the manufacturing of building construction 

materials and components (scope 3 or embodied carbon emissions).  

 Energy use. Zero‐carbon‐ready energy codes should recognise the  important part 

that  passive  design  features,  building  envelope  improvements  and  high  energy 

performance  equipment  play  in  lowering  energy  demand,  reducing  both  the 

operating cost of buildings and the costs of decarbonising the energy supply.  

 Energy  supply. Whenever possible,  new and existing  zero‐carbon‐ready buildings 

should integrate locally available renewable resources, e.g. solar thermal, solar PV, 

PV  thermal  and  geothermal,  to  reduce  the  need  for  utility‐scale  energy  supply. 

Thermal  or  battery  energy  storage  may  be  needed  to  support  local  energy 

generation. 

 Integration with  power  systems.  Zero‐carbon‐ready  building  energy  codes  need 

buildings  to become a  flexible  resource  for  the energy system, using connectivity 

and automation to manage building electricity demand and the operation of energy 

storage devices, including EVs.  

 Buildings and construction value chain. Zero‐carbon‐ready building energy codes 

should  also  target  net‐zero  emissions  from  material  use  in  buildings.  Material 

efficiency  strategies  can  cut  cement  and  steel  demand  in  the buildings  sector by 

more than a third relative to baseline trends, and embodied emissions can be further 

reduced  by  more  robust  uptake  of  bio‐sourced  and  innovative  construction 

materials. 
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Heating and cooling 

Building envelope improvements in zero‐carbon‐ready retrofit and new buildings account for 

the majority of heating and cooling energy intensity reductions in the NZE, but heating and 

cooling technology also makes a significant contribution. Space heating is transformed in the 

NZE, with homes heated by natural gas falling from nearly 30% of the total today to less than 

0.5% in 2050, while homes using electricity for heating rise from nearly 20% of the total today 

to 35%  in 2030 and about 55%  in 2050  (Figure 3.29). High efficiency electric heat pumps 

become the primary technology choice for space heating in the NZE, with worldwide heat 

pump  installations  per  month  rising  from  1.5 million  today  to  around  5 million  by  2030 

and 10 million by 2050. Hybrid heat pumps are also used in some of the coldest climates, but 

meet no more than 5% of heating demand in 2050. 

Figure 3.29 ⊳ Global building and heating equipment stock by type and useful 
space heating and cooling demand intensity changes in the NZE 

 
IEA. All rights reserved.

By 2050, over 85% of buildings are zero-carbon-ready, reducing average useful heating 
intensity by 75%, with heat pumps meeting over half of heating needs 

Notes: ZCRB refers to buildings meeting zero‐carbon‐ready building energy codes. Other for building envelope 

refers to envelopes that do not meet zero‐carbon‐ready building energy codes. Other for heating equipment 
stock includes resistive heaters, and hybrid and gas heat pumps. 

Not all buildings are best decarbonised with heat pumps, however, and bioenergy boilers, 

solar thermal, district heat, low‐carbon gases in gas networks and hydrogen fuel cells all play 

a role in making the global building stock zero‐carbon‐ready by 2050. Bioenergy meets 10% 

of space heating needs by 2030 and more than 20% by 2050. Solar thermal is the preferred 

renewable technology for water heating, especially where heat demand is low; in the NZE it 

meets  35%  of  demand  by  2050,  up  from  7%  today.  District  heat  networks  remain  an 

attractive  option  for  many  compact  urban  centres  where  heat  pump  installation  is 

impractical, in the NZE they provide more than 20% of final energy demand for space heating 

in 2050, up from a little over 10% today. 
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There are no new coal and oil boilers sold globally from 2025 in the NZE. Sales of gas boilers 

fall by more than 40% from current levels by 2030 and by 90% by 2050. By 2025 in the NZE, 

any gas boilers that are sold are capable of burning 100% hydrogen and therefore are zero‐

carbon‐ready. The share of low‐carbon gases (hydrogen, biomethane, synthetic methane) in 

gas distributed to buildings rises from almost zero to 10% by 2030 to above 75% by 2050. 

Buildings that meet the standards of zero‐carbon‐ready building energy codes drive down 

the need not only for space heating but also for space cooling – the fastest growing end‐use 

in  buildings  since  2000.  Space  cooling  represented  only  5%  of  total  buildings  energy 

consumption worldwide  in 2020, but demand  for  cooling  is  likely  to grow  strongly  in  the 

coming decades with  rising  incomes and a hotter climate.  In  the NZE, 60% of households 

have an air conditioner in 2050, up from 35% in 2020. High‐performance building envelopes, 

including bioclimatic designs and  insulation,  can  reduce  the demand  for  space cooling by 

30‐50%, while providing greater resilience during extreme heat events. In the NZE, electricity 

demand  for  space  cooling  grows  annually  by  1%  to  reach  2 500 TWh  in  2050.  Without 

2 000 TWh of savings from residential building envelope improvements and higher efficiency 

equipment, space cooling demand would be almost twice as high. 

Appliances and lighting 

Electric appliances and lighting become much more efficient over the next three decades in 

the NZE thanks to policy measures and technical advances. By 2025 in the NZE, over 80% of 

all  appliances  and  air  conditioners  sold  in  advanced  economies  are  the  best  available 

technologies today in these markets, and this share increases to 100% by the mid‐2030s. In 

emerging market and developing economies, which account for over half of appliances and 

air conditioners by 2050, the NZE assumes a wave of policy action over the next decade which 

leads  to  80%  of  equipment  sold  in  these markets  in  2030  being  as  efficient  as  the  best 

available technologies  in advanced economies today,  increasing to close to 100% by 2050 

(Figure 3.30). The share of light‐emitting diode (LED) lamps in total lightbulb sales reaches 

100% by 2025 in all regions. Minimum energy performance standards are complemented by 

requirements  for  smart  control  of  appliances  to  facilitate  demand‐side  response  in  all 

regions.  

Energy use  in buildings will  be  increasingly  focused on electric,  electronic  and  connected 

equipment and appliances. The share of electricity in energy consumption in buildings rises 

from 33% in 2020 to around two‐thirds in 2050 in the NZE, with many buildings incorporating 

decentralised  electricity  generation  using  local  solar  PV  panels,  battery  storage  and  EV 

chargers. The number of residential buildings with solar PV panels increases from 25 million 

to 240 million over the same period. In the NZE, smart control systems shift flexible uses of 

electricity  in  time  to  correspond  with  generation  from  local  renewables,  or  to  provide 

flexibility services to the power system, while optimised home battery and EV charging allow 

households  to  interact with  the grid. These developments help  improve electricity supply 

security  and  lower  the  cost  of  the  energy  transition  by making  it  easier  and  cheaper  to 

integrate renewables into the system.  
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Figure 3.30 ⊳ Global change in electricity demand by end-use in the buildings 
sector 

 
IEA. All rights reserved.

Energy efficiency is critical to mitigate electricity demand growth for appliances and air 
conditioning, with savings more than offsetting the impact of electrifying heat 

3.7.2 Key milestones and decision points 

Table 3.5 ⊳ Key milestones in transforming global buildings sector 

Category 

New buildings   From 2030: all new buildings are zero‐carbon‐ready. 

Existing buildings   From 2030: 2.5% of buildings are retrofitted to be zero‐carbon‐ready each year. 

Category  2020  2030  2050 

Buildings       

Share of existing buildings retrofitted to the zero‐carbon‐ready level  <1%  20%  >85% 

Share of zero‐carbon‐ready new buildings construction  5%  100%  100% 

Heating and cooling       

Stock of heat pumps (million units)  180  600  1 800 

Million dwellings using solar thermal  250  400  1 200 

Avoided residential energy demand from behaviour  n.a.  12%  14% 

Appliances and lighting       

Appliances: unit energy consumption (index 2020=100)  100  75  60 

Lighting: share of LED in sales  50%  100%  100% 

Energy access       

Population with access to electricity (billion people)  7.0  8.5  9.7 

Population with access to clean cooking (billion people)  5.1  8.5  9.7 

Energy infrastructure in buildings       

Distributed solar PV generation (TWh)  320  2 200  7 500 

EV private chargers (million units)  270  1 400  3 500 
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Near‐term government decisions are required for energy codes and standards for buildings, 

fossil  fuel  phase  out,  use  of  low‐carbon  gases,  acceleration  of  retrofits  and  financial 

incentives to encourage investment in building sector energy transitions. Decisions will be 

most effective if they focus on decarbonising the entire value chain, taking into account not 

only buildings but also the energy and infrastructure networks that supply them, as well as 

wider considerations including the role of the construction sector and urban planning. Such 

decisions are likely to bring wider benefits, notably in reducing fuel poverty. 

Near‐term government action is needed to ensure that zero‐carbon‐ready buildings become 

the new norm across the world before 2030 for both new construction and retrofits. This 

requires  governments  to  act  before  2025  to  ensure  that  zero‐carbon‐ready  compliant 

building energy codes are implemented by 2030 at the latest. While this goal applies to all 

regions, ways  to achieve zero‐carbon‐ready buildings vary significantly across  regions and 

climate  zones,  and  the  same  is  true  for  heating  and  cooling  technology  strategies. 

Governments should consider paving the way by making public buildings zero‐carbon‐ready 

in the coming decade. 

Governments will need to find ways to make new zero‐carbon‐ready buildings and retrofits 

affordable  and  attractive  to  owners  and  occupants  by  overcoming  financial  barriers, 

addressing split incentive barriers and minimising disruption to building use. Building energy 

performance certificates, green lease agreements, green bond financing and pay‐as‐you save 

models could all play a part.  

Making zero‐carbon‐ready building retrofits a central pillar of economic recovery strategies 

in  the  early  2020s  is  a  no‐regrets  action  to  jumpstart  progress  towards  a  zero‐emissions 

building sector. Foregoing the opportunity to make energy use  in buildings more efficient 

would drive up  electricity  demand  linked  to  electrification of  energy use  in  the buildings 

sector and make decarbonising the energy system significantly more difficult and more costly 

(Box 3.5).  

Box 3.5 ⊳ What would be the impact of global retrofit rates not rising to 2.5%? 

Decarbonising heating in existing buildings in the NZE rests upon a deep retrofit of the 

majority  of  the  existing  building  stock.  Having  almost  all  buildings  meet 

zero‐carbon‐ready building energy codes by 2050 would require  retrofit  rates of 2.5% 

each year by 2030, up from less than 1% today. Retrofits can be disruptive for occupants, 

require high upfront investment and may face permitting difficulties. These issues make 

achieving  the  required  pace  and  depth  of  retrofits  in  the  coming  years  the  biggest 

challenge facing the buildings sector.  

Any  delay  in  reaching  2.5%  of  annual  retrofits  by  2030  would  require  such  a  steep 

subsequent  ramp  up  as  to  make  retrofitting  the  vast  majority  of  buildings  by  2050 

virtually impossible. Modelling indicates that a delay of ten years in the acceleration of 

retrofitting, would increase residential space heating energy demand by 25% and space 
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cooling demand by more than 20%, translating to a 20% increase in electricity demand in 

2050 relative to the NZE (Figure 3.31). This would put more strain on the power sector, 

which  would  need  to  install  more  low‐carbon  generation  capacity.  Policies  and  fuel 

switching would still drive down fossil fuel demand in the Delayed Retrofit Case, but an 

additional 15 EJ of fossil fuels would be burned by 2050, emitting 1 Gt of CO2. 

Figure 3.31 ⊳ Global residential space heating and cooling energy 
demand in the NZE and Delayed Retrofit Case 

 
IEA. All rights reserved. 

Delays in the ramp up of retrofit rates and depth would be almost impossible to catch 
up, placing further strain on the power sector and pushing up fossil fuel demand 

 

Governments need to establish policies for coal and oil boilers and furnaces for space and 

water heating, which in the NZE are no longer available for sale from 2025. They also need 

to  take action  to ensure  that  new gas boilers  are  able  to  operate with  low‐carbon gases 

(hydrogen ready) in decarbonised gas networks. This puts a premium on the availability of 

compelling alternatives to the types of boilers being phased out, including the use of heat 

pumps, efficient wood stoves (using sustainable supplies of wood), district energy, solar PV, 

solar  thermal  and  other  renewable  energy  technologies. Which  alternatives  are  best will 

depend  to  some  extent  on  local  conditions,  but  electrification  will  be  the  most  energy‐

efficient  and  cost‐effective  low‐carbon  option  in  most  cases,  and  decarbonising  and 

expanding district energy networks is likely to make sense where densities allow. The use of 

biomethane or hydrogen  in existing or upgraded gas networks may be  the best option  in 

areas where more efficient alternatives are not possible. 

Governments also face decisions on minimum energy performance standards (MEPS). The 

NZE  sees  all  countries  introduce MEPS  for  all main  appliance  categories  set  at  the most 

stringent levels prevailing in advanced economies by 2025 at the latest. Among others, this 

would mean ending the sale of incandescent, halogen and compact fluorescent lamps by that 
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time. Setting MEPS at the right level will require careful planning; international collaboration 

to align standards and objectives could play a helpful role in keeping costs down.  

The systemic nature of the NZE means that strategies and policies for buildings will work best 

if they are aligned with those being adopted for power systems, urban planning and mobility. 

This would help to ensure the successful scaling up of building‐integrated PV technologies, 

battery  storage  and  smart  controls  to make  buildings  active  service  providers  to  grids.  It 

would  also  help  to  foster  the  deployment  of  smart  EV  charging  infrastructure.  Policies 

incentivising dense and mixed‐use urban planning coupled with easy access to local services 

and public transport could reduce reliance on personal vehicles (see Chapter 2). There are 

also  links  between  buildings  strategies  and  measures  to  reduce  the  embodied  carbon 

emissions of new construction, which falls by 95% by 2050 in the NZE.  
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Chapter 4 

Wider implications of achieving net-zero emissions 

 Economy:  In our Net‐Zero Emissions by 2050 Scenario  (NZE), global CO2 emissions 

reach net zero by 2050 and investment rises across electricity,  low‐emissions fuels, 

infrastructure and end‐use sectors. Clean energy employment increases by 14 million 

to 2030, but employment in oil, gas and coal declines by around 5 million. There are 

varying results for different regions, with job gains not always occurring in the same 

place, or matching the same skill set, as job losses. The increase in jobs and investment 

stimulates economic output, resulting in a net increase in global GDP to 2030. But oil 

and gas revenues in producer economies are 80% lower in 2050 than in recent years 

and tax revenues from retail oil and gas sales in importing countries are 90% lower. 

 Energy industry: There is a major contraction in fossil fuel production, but companies 

that  produce  these  fuels  have  skills  and  resources  that  could  play  a  key  role  in 

developing new low‐emissions fuels and technologies. The electricity industry scales 

up to meet demand rising over two‐and‐a‐half‐fold to 2050 and becomes more capital 

intensive,  focusing  on  renewables,  sources  of  flexibility  and  grids.  Large  energy‐

consuming companies, vehicle manufacturers and their suppliers adjust designs and 

retool factories while improving efficiency and switching to alternative fuel supplies. 

 For citizens who lack access to electricity and clean cooking, the NZE delivers universal 

access by 2030. This costs around USD 40 billion a year over the next decade and adds 

less than 0.2% to CO2 emissions. For citizens the world over, the NZE brings profound 

changes, and their active support is essential if it is to succeed. Around three‐quarters 

of  behavioural  changes  in  the  NZE  can  be  directly  influenced  or  mandated  by 

government policies. The cost of energy is also an important issue for citizens, and the 

proportion of disposable household income spent on energy over the period to 2050 

remains  stable  in  emerging  market  and  developing  economies,  despite  a  large 

increase in demand for modern energy services.  

 Government  action  is  central  to  achieve  net‐zero  emissions  globally  by  2050;  it 

underpins  the decisions made by all other actors. Four particular points are worth 

stressing. First, the NZE depends on actions that go far beyond the remit of energy 

ministers, and requires a co‐ordinated cross‐government approach. Second, the fall 

in oil and gas demand in the NZE may reduce some traditional energy security risks, 

but they do not disappear, while potential new vulnerabilities emerge from increasing 

reliance on electricity systems and critical minerals. Third, accelerated innovation is 

needed.  The  emissions  cuts  to  2030  in  the  NZE  can  be  mostly  achieved  with 

technologies on the market today, but almost half of the reductions in 2050 depend 

on  technologies  that  are  currently  under  development.  Fourth,  an  unprecedented 

level  of  international  co‐operation  is  needed.  This  helps  to  accelerate  innovation, 

develop  international  standards  and  facilitate  new  infrastructure  to  link  national 

markets. Without  the  co‐operation assumed  in  the NZE,  the  transition  to net‐zero 

emissions would be delayed by decades. 
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4.1 Introduction 

Achieving net‐zero emissions by 2050 is a monumental task, especially against a backdrop of 

increasing  economic  and  population  growth.  It  calls  for  an  unwavering  focus  from  all 

governments, working together with industries and citizens, to ensure that the transition to 

global net‐zero emissions proceeds in a co‐ordinated way without delay. In this chapter, we 

look at what the changes that deliver net‐zero emissions globally by 2050 in the NZE would 

mean for the economy, the energy industry, citizens and governments. 

Figure 4.1 ⊳ Selected global milestones for policies, infrastructure and 
technology deployment in the NZE 

IEA. All rights reserved.

There are multiple milestones on the way to global net-zero emissions by 2050. 
 If any sector lags, it may prove impossible to make up the difference elsewhere. 
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Wide‐ranging measures and regulations in the NZE help to influence or change the purchases 

that individuals make, the way they heat and cool their homes, and their means of transport. 

Many industries, especially those that are currently involved in the production of energy or 

are  large‐scale  users  of  energy,  also  face  change.  Some  of  the  shifts  for  individuals  and 

industries may be unpopular, underscoring  the  fact  that  it  is  essential  to ensure  that  the 

energy transition is transparent, just and cost‐effective, and to persuade citizens of the need 

for reform. These changes deliver significant benefits. There are around 790 million people 

who do not have access to electricity today and 2.6 billion people who do not have access to 

clean cooking options. The NZE shows how emissions reductions can go hand‐in‐hand with 

efforts to provide universal access to electricity and clean cooking, and to improve air quality. 

It provides significant opportunities too, with clean energy technologies providing many new 

business  opportunities  and  jobs,  and  with  innovations  that  stimulate  new  industrial 

capacities. 

Underpinning  all  of  these  changes  are  decisions  taken  by  governments.  This will  require 

wholehearted buy‐in from all levels of government and from all countries. The magnitude of 

the changes required to reach global net‐zero emissions by 2050 are not within the power of 

government energy or environment departments alone to deliver, nor within the power of 

individual  countries.  It  will  involve  an  unprecedented  level  of  global  collaboration,  with 

recognition  of  and  sensitivity  to  differences  in  the  stages  of  development  of  individual 

countries,  and  an  appreciation  of  the  difficulties  faced  by  particular  communities  and 

members of society, especially those who may be negatively affected by the transition to 

net‐zero emissions. In the NZE, governments start by setting unequivocal long‐term targets, 

ensuring that these are fully supported from the outset by explicit, near‐term targets and 

policy measures that clearly set out the pathway, and that recognise each country’s unique 

starting  conditions,  to  support  the  deployment  of  new  infrastructure  and  technologies 

(Figure 4.1). 

4.2 Economy 

4.2.1 Investment and financing 

The transition to net‐zero emissions by 2050 requires a substantial ramp up in the investment 

of  electricity,  infrastructure  and  the  end‐use  sectors.  The  largest  increase  over  the  next 

decade is in electricity generation: annual investment increases from about USD 0.5 trillion 

over the past five years to USD 1.6 trillion in 2030 (Figure 4.2). By 2030, annual investment 

in  renewables  in  the  electricity  sector  is  around  USD 1.3 trillion,  slightly  more  than  the 

highest level ever spent on fossil fuel supply (USD 1.2 trillion in 2014). Annual investment in 

clean energy infrastructure increases from around USD 290 billion over the past five years to 

about USD 880 billion  in  2030.  This  is  for  electricity  networks,  public  electric  vehicle  (EV) 

charging stations, hydrogen refuelling stations and import and export terminals, direct air 

capture  and  CO2  pipelines  and  storage  facilities.  Annual  investment  in  low‐carbon 

technologies in end‐use sectors rises from USD 530 billion in recent years to USD 1.7 trillion 
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in 2030.1 This includes spending on deep retrofitting of buildings, transformation of industrial 

processes, and the purchase of new low‐emissions vehicles and more efficient appliances.  

After  2030,  annual  electricity  generation  investment  falls  by  one‐third  to  2050.  A  lot  of 

infrastructure for a low‐emissions electricity sector is established within the first decade of 

the NZE, and the cost of renewables continues to decline after 2030. In end‐use sectors, there 

are continued increases in investment in EVs, carbon capture, utilisation and storage (CCUS) 

and hydrogen use in industry and transport, and more efficient buildings and appliances.  

Global investment in fossil fuel supply falls steadily from about USD 575 billion on average 

over  the  past  five  years  to  USD 110 billion  in  2050  in  the NZE, with  upstream  fossil  fuel 

investment restricted to maintaining production at existing oil and natural gas  fields. This 

investment reflects  the fact  that  fossil  fuels are still used  in 2050  in the NZE  in processes 

where  they  are  paired  with  CCUS,  in  non‐emitting  processes  (such  as  petrochemical 

manufacturing),  and  in  sectors  where  emissions  reductions  are  most  challenging  (with 

emissions offset by  carbon dioxide  removal).  Investment  in  low‐emissions  fuels  increases 

more than thirty‐fold between 2020 and 2050, reaching about USD 135 billion in 2050. This 

is split roughly equally between the production of hydrogen and hydrogen‐based fuels, and 

the production of biofuels. 

Over the 2021‐50 period in the NZE, annual average total energy sector investment as a share 

of  gross  domestic  product  (GDP)  is  around  1%  higher  than  over  the  past  five  years.  The 

private  sector  is  central  to  finance  higher  investment  needs.  It  requires  enhanced 

collaboration between developers, investors, public financial institutions and governments. 

Collaboration will be especially important over the next five to ten years for the development 

of large infrastructure projects and for technologies in the demonstration or prototype phase 

today such as some hydrogen and CCUS applications. Companies and investors have declared 

strong  interest  to  invest  in  clean  energy  technologies,  but  turning  interest  into  actual 

investment at the levels required in the NZE also depends on public policies.  

Some obstacles to investment need to be tackled. Many emerging market and developing 

economies  are  reliant  on  public  sources  to  finance  energy  projects  and  new  industrial 

facilities. In some cases, improvements in regulatory and policy frameworks would facilitate 

the  international  flow of  long‐term capital  to  support  the development of  both new and 

existing clean energy technologies. The rapid growth in investment in transport and buildings 

in the NZE presents a different kind of challenge for policy makers. In many cases, an increase 

in capital spending for an efficient appliance or low‐emissions vehicle would be more than 

offset  by  lower  expenditure  on  fuels  and  electricity  over  the  product  lifetime,  but  some 

low‐income households and small and medium enterprises may not be able to afford the 

upfront capital required. 

1  Investment  levels  presented  in  this  report  include  a  broader  accounting  of  efficiency  improvements  in 

buildings  and  differ  from  that  reported  in  the  IEA World  Energy  Investment  report  (IEA,  2020a).  End‐use 
efficiency investments are the incremental cost of improving the energy performance of equipment relative 

to a conventional design. 
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Figure 4.2 ⊳ Global average annual energy investment needs by sector and 
technology in the NZE 

IEA. All rights reserved.

Investment increases rapidly in electricity generation, infrastructure and end-use sectors. 
Fossil fuel investment drops sharply, partly offset by a rise in low-emissions fuels. 

Notes: CCUS = carbon capture, utilisation and storage; EV = electric vehicle.  Infrastructure includes electricity 

networks,  public  EV  charging,  CO2  pipelines  and  storage  facilities,  direct  air  capture  and  storage  facilities, 

hydrogen  refuelling  stations,  and  import  and  export  terminals  for  hydrogen  and  fossil  fuels  pipelines  and 
terminals. End‐use efficiency investments are the incremental cost of improving the energy performance of 

equipment relative to a conventional design. 

4.2.2 Economic activity 

The  energy  transition  required  for  net‐zero  emissions  by  2050  will  affect  all  economic 

activities directly or  indirectly.  In co‐ordination with the  International Monetary Fund, we 

have modelled the medium‐term global macroeconomic impact of the changes in the energy 
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sector that occur in the NZE. This analysis shows that the surge in private and government 

spending  on  clean  energy  technologies  in  the  NZE  creates  a  large  number  of  jobs  and 

stimulates economic output in the engineering, manufacturing and construction industries. 

This results  in annual GDP growth that  is nearly 0.5% higher than the  levels  in the Stated 

Policies Scenario (STEPS)2 during latter half of the 2020s (Figure 4.3).3 

Figure 4.3 ⊳ Change in annual growth rate of global GDP in the NZE relative 
to the STEPS 

IEA. All rights reserved.

The surge in government and private investment in the NZE has a positive impact 
on global GDP, but there are large differences between regions 

Notes: GDP = gross domestic product. Reduction in rents stem mainly from lower fossil fuel income. 

Source: IEA analysis based on IMF. 

There are large differences in macroeconomic impacts between regions. The decline in fossil 

fuel use and prices results in a fall in GDP in the producer economies,4 where revenues from 

oil and gas sales often cover a large share of public spending on education, health care and 

other public services. The drop in oil and gas demand, and the consequent fall in international 

prices  for  oil  and  gas,  cause  net  income  in  producer  economies  to  drop  to  historic  lows 

(Figure 4.4). Some countries with the  lowest cost oil  resources  (including members of  the 

2 The IEA Stated Policies Scenario  is  the projection for  the global energy system based on the policies and 
measures  that  governments  around  the  world  have  already  put  in  place  and  on  announced  policies  as 

expressed in official targets and plans, such as Nationally Determined Contributions put forward under the 

Paris Agreement (see Chapter 1). 
3 The estimated general equilibrium macroeconomic impact of the increase in public and private investment 

and  the  reduction  in  oil‐related  revenue  contained  in  the  NZE  has  been  provided  by  the  International 

Monetary Fund using its Global Integrated Monetary and Fiscal Model (GIMF). 
4 Producer economies are large oil and gas exporters that rely on hydrocarbon revenues to finance a significant 

proportion of their national budgets, including countries in the Middle East, Russia and the Caspian region. 
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Organization  of  the  Petroleum  Exporting  Countries  [OPEC])  gain  market  share  in  these 

circumstances, but even they would see large falls in revenues. Structural reforms would be 

needed  to  address  the  societal  challenges,  including  those  to  accelerate  the  process  of 

reforming  inefficient  fossil  fuel  subsidies  and  to  speed  up  moves  to  use  hydrocarbon 

resources  to  produce  low‐emissions  fuels,  e.g.  hydrogen  and  hydrogen‐based  fuels  (see 

section 4.3.1).  

Figure 4.4 ⊳ Income from oil and gas sales in producer economies in the NZE 

IEA. All rights reserved.

Structural reforms and new sources of revenue are needed in producer economies,  
but these are unlikely to compensate fully for a large drop in oil and gas income  

The macroeconomic effects of the NZE are very uncertain. They depend on a host of factors 

including: how government expenditure is financed; benefits from improvements to health; 

changes in consumer bills; broad impact of changes in consumer behaviour; and potential 

for  productivity  spill‐overs  from accelerated energy  innovation. Nonetheless,  impacts  are 

likely to be lower than assessments of the cost of climate change damages (OECD, 2015). It 

is also  likely  that a co‐ordinated, orderly  transition can be executed without major global 

systemic financial impacts, but this will require close attention from governments, financial 

regulators and the corporate sector. 

4.2.3 Employment 

Employment  in  the  energy  sector  shifts  markedly  in  the  NZE  in  response  to  changes  in 

investment  and  spending  on  energy.  We  estimate  that  today  roughly  40 million  people 

around  the  world  work  directly  in  the  oil,  gas,  coal,  renewables,  bioenergy  and  energy 

network industries (IEA, 2020b). In the NZE, clean energy employment increases by 14 million 
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to 2030, while  employment  in oil,  gas and coal  fuel  supply and power plants declines by 

around 5 million, leading to a net increase of nearly 9 million jobs (Figure 4.5).  

Figure 4.5 ⊳ Global energy sector employment in the NZE, 2019-2030 

IEA. All rights reserved.

Overall employment in the energy sector increases by almost 9 million to 2030  
as jobs created in clean energy sectors outpace losses in fossil fuels  

Jobs created would not necessarily be in the same area where jobs are lost, plus the skill sets 

required for the clean energy jobs may not be directly transferable. Job losses would be most 

pronounced  in  communities  that  are  heavily  dependent  on  fossil  energy  production  or 

transformation  activities.  Even where  the  number  of  direct  energy  jobs  lost  is  small,  the 

impact on the local economy may be significant. Government support would almost certainly 

be needed to manage these transitions in a just, people‐centred way. In preparation, a better 

understanding of current energy industry employment is needed. A useful action would be 

for  governments  to  adopt  more  detailed  surveying  approaches  for  energy  industry 

employment, such as those used in the US Energy & Employment Report (NASEO and Energy 

Futures Initiative, 2021). 

In addition to the 14 million new clean energy jobs created in the NZE, other new jobs are 

created by changes in spending on more efficient appliances, electric and fuel cell vehicles, 

and  building  retrofits  and  energy‐efficient  construction.  These  changes  would  require  a 

further 16 million workers, meaning that there would be 30 million more people working in 

clean energy,  efficiency and  low‐emissions  technologies by  2030  in  the NZE  (Figure 4.6).5 

Investment  in  electricity  generation,  electricity  networks,  EV  manufacturing  and  energy 

efficiency  are  among  the  areas  that  will  open  up  new  employment  opportunities.  For 

example, jobs in solar and wind more than quadruple in the NZE over current levels. Nearly 

two‐thirds of workers  in these sectors by 2030 in the NZE would be highly skilled and the 

                                                                                                                                   
5 This includes new jobs and jobs filled by moving current employment from one type of production to another. 
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majority require substantial training. In addition, with the more than doubling of total energy 

investment, new employment opportunities will arise in associated areas such as wholesale 

trading, financial and legal services. 

In many  cases  it may  be  possible  to  shift workers  to  new product  lines within  the  same 

company, for example in vehicle manufacturing as production reconfigures to EVs. However, 

there would be larger risks for specialised supply chain companies that provide products and 

services,  e.g.  internal  combustion engines  that  are  replaced by new components  such as 

batteries.  

Figure 4.6 ⊳ New workers in clean energy and related sectors and shares by 
skill level and occupation in the NZE and the STEPS in 2030 

 
IEA. All rights reserved.

About 30 million new workers are needed by 2030 to meet increased demand for clean 
energy, efficiency, and low-emissions technologies; over half are highly skilled positions 

Note: EVs = electric vehicles. 

The  new  jobs  created  in  the  NZE  tend  to  have  more  geographic  flexibility  and  a  wider 

distribution than is the case today. Around 40% are jobs located close to where the work is 

being  done,  e.g.  building  efficiency  improvements  or  wind  turbine  installation,  and  the 

remaining  are  jobs  tied  to  manufacturing  sites.  Today  the  manufacturing  capacity  for  a 

number  of  clean  energy  technologies,  such  as  batteries  and  solar  photovoltaic  panels,  is 

concentrated  in  particular  areas,  notably  China.  The  rapid  increase  in  demand  for  clean 

energy technologies in the NZE requires new production capacity to come online that could 

be located in any region. Those countries and companies that move first may enjoy strategic 

advantages in capturing burgeoning demand. 
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4.3 Energy industry 

4.3.1 Oil and gas 

The  energy  transition  envisioned  in  the  NZE  involves  a major  contraction  of  oil  and  gas 

production with far‐reaching implications for all the companies that produce these fuels. Oil 

demand falls from around 90 million barrels per day (mb/d) in 2020 to 24 mb/d in 2050, while 

natural gas demand falls from 3 900 billion cubic metres (bcm) to around 1 700 bcm. No fossil 

fuel  exploration  is  required  in  the NZE  as  no  new  oil  and  natural  gas  fields  are  required 

beyond  those  that have already been approved  for development. This  represents a  clear 

threat to company earnings, but there are also opportunities. The resources and skills of the 

oil and gas industry are a good match with some of the new technologies needed to tackle 

emissions in sectors where reductions are likely to be most challenging, and to produce some 

of the low‐emissions liquids and gases for which there is a rapid increase in demand in the 

NZE (see Chapter 2). By partnering with governments and other stakeholders, the oil and gas 

industry could play a leading role in developing these fuels and technologies at scale, and in 

establishing new business models. 

The oil and gas industry is highly diverse, and various companies could pursue very different 

strategies in the transition to net‐zero emissions. Minimising emissions from core oil and gas 

operations  however  should  be  a  first‐order  priority  for  all  oil  and  gas  companies.  This 

includes tackling methane emissions that occur during operations (they fall by 75% between 

2020 and 2030 in the NZE) and eliminating flaring. Companies should also electrify operations 

using renewable electricity wherever possible, either by purchasing electricity from the grid 

or  by  integrating  off‐grid  renewable  energy  sources  into  upstream  facilities  or  transport 

infrastructure.  Producers  that  can  demonstrate  strong  and  effective  action  to  reduce 

emissions can credibly argue that their oil and gas resources should be preferred over higher 

emissions options. 

Some oil and gas companies may choose to become “energy companies” focused on low‐

emissions technologies and fuels, including renewable electricity, electricity distribution, EV 

charging and batteries. Several technologies that are critical to the achievement of net‐zero 

emissions, such as CCUS, hydrogen, bioenergy and offshore wind, look especially well‐suited 

to some of the existing skills, competencies and resources of oil and gas companies.  

 Carbon capture, utilisation and storage. The oil and gas industry is already the global 

leader in developing and deploying CCUS. Of the 40 million tonnes (Mt) of CO2 captured 

today  at  large‐scale  facilities,  around  three‐quarters  is  captured  from  oil  and  gas 

operations, which often produce concentrated streams of CO2 that are relatively easy 

and cost effective to capture (IEA, 2020c). The oil and gas industry also has the large‐

scale engineering, pipeline, sub‐surface and project management skills and capabilities 

to handle large volumes of CO2 and to help scale up the deployment of CCUS.  
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 Low‐emissions  hydrogen  and  hydrogen‐based  fuels.  Oil  and  gas  companies  could 

contribute  to  developing  and  deploying  low‐emissions  hydrogen  in  several  ways 

(IEA, 2019a). Nearly 40% of hydrogen production in 2050 in the NZE is from natural gas 

in facilities equipped with CCUS, providing an important opportunity for companies and 

countries to utilise their natural gas resources in a way that is consistent with net‐zero 

emissions. Of the total output of 530 Mt of hydrogen in 2050, about 30% is processed 

into  ammonia  and  synthetic  fuels  (equivalent  to  around  7.5 mboe/d).  The 

transformation processes  involved have many potential  synergies with  the  skills  and 

equipment used in oil and gas processing and refining. Oil and gas companies also have 

long experience of transporting liquids and gases by pipeline and ships.  

 Advanced  biofuels  and  biomethane.  The  production  of  advanced  biofuels  grows 

substantially  in  the  NZE,  but  this  depends  critically  on  continued  technological 

innovation. Many oil and gas companies have active R&D programmes in these areas 

and  could  become  leading  producers.  Biomethane  –  a  low‐emissions  alternative  to 

natural gas – can be produced in large centralised facilities, which could be a good fit 

with the knowledge and technical expertise of existing gas producers (IEA, 2020d). 

 Offshore wind.  About  40% of  the  lifetime  costs  of  a  standard offshore wind project 

involve significant synergies with the offshore oil and gas sector (IEA, 2019b). The oil and 

gas industry has considerable experience of working in offshore locations, which could 

be of value in the construction of foundations and subsea structures for offshore wind 

farms, especially when using vessels during installation and operation. The experience 

of maintaining safety standards in oil and gas companies could also be helpful during 

maintenance and inspection of offshore wind farms once they are in operation.  

Oil  and  gas  companies  are  well‐placed  to  accelerate  the  pace  of  development  and 

deployment of these technologies, and to gain a commercial edge over other companies. In 

the NZE,  investment  in  low‐emissions technologies suited to the skills and expertise of oil 

and gas companies exceeds that in traditional oil and gas operations by 2030. Total capital 

spending  on  these  technologies  and  on  traditional  oil  and  gas  operations  averages 

USD 650 billion per year over 2021‐50, just less than annual investment in oil and gas projects 

between 2016 and 2020 (Figure 4.7).  

Not all oil and gas companies will choose to follow a strategy of diversifying into other types 

of energy. For example, it is far from certain that national oil companies will be charged by 

their state owners to diversify and develop low‐emissions energy sources outside their core 

area of  activity;  other  companies may decide  simply  to  concentrate on  supplying oil  and 

natural gas as cleanly and efficiently as possible, and to return income to shareholders. What 

is clear, however, is that no oil and gas company would be unaffected by the NZE and that 

all parts of the industry need to decide how to respond (IEA, 2020e). 
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Figure 4.7 ⊳ Annual average investment in oil and gas and low-emissions 
technologies with synergies for the oil and gas industry in the NZE 

IEA. All rights reserved.

Investment in low-emissions technologies suited to the skills and expertise of 
 oil and gas companies exceeds investment in traditional operations by 2030  

Note: CCUS = carbon capture, utilisation and storage. 

4.3.2 Coal 

The precipitous decline in coal use projected in the NZE would have major implications for 

the  future  of  mining  companies  and  countries  with  large  existing  production  capacities. 

Around 470 million tonnes of coal equivalent  (Mtce) of coal used  in the NZE  in 2050  is  in 

facilities equipped with CCUS (80% of global coal demand in 2050), which prevents an even 

sharper decline in demand. But no new coal mines or mine extensions are needed in the NZE. 

Retraining and regional revitalisation programmes would be essential to reduce the social 

impact  of  job  losses  at  the  local  level  and  to  enable  workers  and  communities  to  find 

alternative  livelihoods.  There  could  also  be  opportunities  to  locate  new  clean  energy 

facilities, including the new processing facilities that are needed for critical minerals, in the 

areas most affected by mine closures.  

For mining companies, however, the contraction in coal demand in the NZE could be offset 

by the need to increase mining of other raw minerals,  including those vital to many clean 

energy  technologies,  such  as  copper,  lithium  and  nickel  (IEA,  2021a).  Global  demand  for 

these critical minerals rises rapidly in the NZE (Figure 4.8). For example, demand for lithium 

for use in batteries expands by a factor of 30 by 2030, while demand for rare earths, primarily 

used for making EV motors and wind turbines, increases by a factor of ten by 2030. Critical 

mineral resources are not always located in the same locations or countries as existing coal 

mines, but the skills and experience of mining companies will be essential to ensure that the 

supply of these minerals is able to match demand at reasonable prices. By the 2040s, the size 

of the global market for these minerals approaches that for coal today. 

 200

 400

 600

 800

2016‐
20

2021‐
30

2031‐
40

2041‐
50

2016‐
20

2021‐
30

2031‐
40

2041‐
50

B
ill
io
n
 U
SD

 (
2
0
1
9
)

Oil Natural gas CCUS Hydrogen Bioenergy Offshore wind

Oil and natural gas Low‐emissions technologies

1942  



 

Chapter 4 | Wider implications of achieving net-zero emissions 163

 

4 

Figure 4.8 ⊳ Global value of coal and selected critical minerals in the NZE  

 
IEA. All rights reserved.

The market for critical minerals approaches that of coal today in the 2040s  

Notes: Includes total revenue for coal and for selected critical minerals used in clean energy technologies. The 

prices of critical minerals are based on conservative assumptions about cost  increases  (around a 10%‐20% 
increase from current levels to 2050). 

4.3.3 Electricity 

Getting to net‐zero emissions calls for a massive expansion of the electricity sector to power 

the needs of a growing global economy, the electrification of end‐uses that previously used 

fossil  fuels,  and  the  production  of  hydrogen  from  electrolysis.  While  electricity  demand 

increases more than two‐and‐a‐half times, the rapid transformation of the industry means 

that total electricity supply costs triple from 2020 to 2050 in the NZE, raising average costs 

per unit of electricity generation modestly (Figure 4.9).  

The  electricity  supply  industry  also  becomes much more  capital  intensive,  accelerating  a 

recent trend. The share of capital in total costs rises from less than 60% in 2020 (already ten 

percentage points higher than in 2010) to about 80% in 2050. This is largely due to a massive 

increase in renewable energy and the corresponding need for more network capacity and 

sources of flexibility, including battery storage. In the late 2020s and 2030s, the upgrading 

and  replacement  of  existing  solar  and  wind  capacity  as  they  come  to  the  end  of  their 

operating lives also boosts capital needs.6 New nuclear power capacity additions add further 

capital spending in the NZE. The rising capital intensity of the electricity industry increases 

the  importance of  limiting risk  for new  investment and ensuring sufficient revenues  in all 

years for grid operators to fund rising investment needs – a point underlined by the financial 

difficulties experienced by  some network companies  in 2020 due  to depressed electricity 

demand resulting from the Covid‐19 crisis (IEA, 2020f). 

                                                                                                                                   
6  They  typically  need  replacing  after  25‐30  years  of  operation,  whereas many  conventional  hydropower, 

nuclear and coal plants operate far longer albeit with periodic additional investment. 
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Figure 4.9 ⊳ Global electricity supply costs by component in the NZE 

 
IEA. All rights reserved.

Electricity system costs triple to 2050, raising average supply costs modestly;  
the massive growth of renewables makes the industry more capital intensive 

Notes: Electricity supply costs include all the direct costs to produce and transmit electricity to consumers. 

Battery storage systems are included in power plant capital recovery. 

The rising share of renewables in the electricity generation mix has important implications 

for  the  design  of  electricity  markets.  When  the  shares  of  solar,  wind,  other  variable 

renewables and nuclear power reach high levels, available electricity supply at no marginal 

cost is often above electricity demand, resulting in a wholesale price of electricity that is zero 

or even negative. By 2050, without changes in electricity market design, about 7% of wind 

and solar output  in  the NZE would be above and beyond what can be  integrated  (and so 

curtailed), and the share of zero‐price hours  in the year would  increase to around 30% in 

major markets from close to zero today, despite the active use of demand response. If the 

share of renewables in the electricity generation mix is to rise as envisioned in the NZE, it 

would therefore be highly desirable to effect significant changes in the design of electricity 

markets so as to provide signals for investment, including investment in sources of flexibility 

such as battery storage and dispatchable power plants. 

The increase in electricity use inevitably raises associated costs. Operating and maintaining 

power plants worldwide costs close to USD 1 trillion in 2050 in the NZE, two‐and‐a‐half times 

the level in 2020. In 2020, upkeep at fossil fuel power plants accounted for USD 150 billion, 

and  renewables  required  nearly  as  much,  mostly  for  hydropower.  By  2050,  the  cost  of 

operating and maintaining renewables reaches USD 780 billion, most it needed for wind and 

solar photovoltaics (PV) as a result of their massive scaling up: offshore wind alone accounts 

for USD 90 billion.  
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The sharp reduction of fossil fuel use in the electricity industry and lower fuel prices mean 

that costs related to fuel and CO2 prices are significantly reduced. This continues a recent 

trend driven by near record‐low natural gas prices  in many markets. Even with rising CO2 

prices over time, the rapid decarbonisation of electricity means that fuel and CO2 make up a 

declining  share of  total  costs,  falling  from about one‐quarter  in 2020  to 5%  in 2050.  The 

balance  of  fuel  costs  shifts  towards  low‐emissions  sources,  mainly  nuclear  power  and 

bioenergy (including with CCUS), though some still remains related to natural gas and coal 

used in power plants equipped with CCUS. 

One challenge in this context is what to do about the coal‐fired power plants in operation. In 

2020, over 2 100 gigawatts (GW) of power plants worldwide used coal to produce electricity 

and heat, and they emitted nearly 30% of all energy‐related CO2 emissions. Options include 

retrofitting  coal‐fired  power  plants  with  CCUS  technologies,  co‐firing  with  biomass  or 

ammonia;  repurposing  coal  plants  to  focus  on  providing  flexibility;  and,  where  feasible, 

phasing  them  out.  In  the  NZE,  all  unabated  coal‐fired  power  plants  are  phased  out  in 

advanced economies by 2030 and in emerging market and developing economies by 2040. 

As a result, emissions from coal‐fired power plants fall from 9.8 gigatonnes (Gt) in 2020 to 

3.0 Gt in 2030 and to just 0.1 Gt by 2040 (residual emissions from coal with CCUS plants).7  

Another challenge is related to the scale of capacity retirements envisaged and associated 

site rehabilitation, starting with coal. The pace of retirement of coal‐fired power plants over 

2020‐50 is nearly triple that of the past decade. Decommissioning at each site can often last 

a decade and entail significant cost, and may involve closing a mine as well. In some cases, it 

may be financially attractive to build a renewable energy project on the same site, taking 

advantage of the grid connection and limiting the cost of rehabilitation. Thousands of natural 

gas‐fired and oil‐fired power plants are also retired by 2050, though these sites are often 

strategically  located on  the  grid  and many  are  likely  to  be  replaced directly with battery 

storage systems. 

The  large  fleet  of  ageing  nuclear  reactors  in  advanced  economies  means  their 

decommissioning  increases,  despite many  reactor  lifetime extensions.  In  the NZE,  annual 

average nuclear retirements globally are 60% higher over the next 30 years than in the last 

decade. Each nuclear decommissioning project can span decades, with costs ranging from 

several hundred million dollars to well over USD 1 billion for large reactors (NEA, 2016). 

4.3.4 Energy‐consuming industries 

The changes  in  the NZE would have an enormous  impact on  industries  that manufacture 

vehicles and their material and component suppliers. Around 95% of all the cars and nearly 

all  of  the  trucks  sold  worldwide  in  2020  were  conventional  vehicles  with  an  internal 

combustion engine. In the NZE, about 60% of global car sales in 2030 are EVs, and 85% of 

                                                                                                                                   
7 A CO2 capture rate of 90% is assumed, though higher rates are technically possible with reduced efficiencies 

and additional costs (IEA, 2020g). 
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heavy‐duty trucks sold in 2040 are EVs or fuel cell vehicles. In the NZE, vehicle component 

suppliers  and  vehicle manufacturers  alike  retool  factories,  change designs  to  incorporate 

batteries  and  fuel  cells,  and  adjust  supply  chains  to  minimise  the  lifecycle  emissions 

intensities  of  vehicles.  This  provides  opportunities  to  redesign  existing  parts  and 

manufacturing processes to improve efficiency and lower costs. 

The rapid increase in EV sales in the NZE requires an immediate scale up of new supply chains 

for batteries as well as recharging and  low‐emissions refuelling  infrastructure.  In the NZE, 

battery  production  capacity  increases  to  more  than  6.5 terawatt‐hours  (TWh)  by  2030, 

compared with  less  than 0.2 TWh  in 2020. Any delay  in expanding battery manufacturing 

capacity would have a detrimental impact on the roll‐out of EVs and slow cost reductions for 

other clean energy technologies that benefit in the NZE from having similar manufacturing 

processes and know‐how (such as fuel cell vehicles and electrolysers). 

In aviation and shipping, liquid low‐emissions fuels are central to cut emissions. Switching to 

some of these would have little impact on vessel design: the use of hydrogen‐based fuels or 

biofuels  in  shipping would  only  require  changes  to  the motor  and  fuel  system,  and  bio‐

kerosene  or  synthetic  kerosene  can  operate  with  existing  aircraft.  New  bunkering  and 

refuelling infrastructure are needed in the NZE, however, and the use of these low‐emissions 

fuels  also  requires  new  safety  and  standardisation  standards,  protocols  for  permitting, 

construction  and  design,  as  well  as  international  regulation,  monitoring,  reporting  and 

verification of their production and use.  

In heavy industrial sectors – steel, cement and chemicals – most deep emissions reduction 

technologies are not available on  the market  today.  In  the NZE, material producers  soon 

demonstrate near‐zero emission processes, aided by government risk‐sharing mechanisms, 

and start to adapt their existing production assets. For multinational companies, this includes 

developing technology transfer strategies to roll‐out processes across plants. International 

co‐operation would help to ensure a level playing field for all. Within countries, efforts focus 

on  industrial  hubs  in  order  to  accelerate  emissions  reductions  across multiple  industrial 

sectors by promoting economies of scale for new infrastructure (such as CO2 transport and 

storage) and supplies of low‐emissions energy. 

Materials  producers  work  with  governments  in  the  NZE  to  create  an  international 

certification  system  for  near‐zero  emission  materials  to  differentiate  them  from 

conventional ones. This would enable buyers of materials such as vehicle manufacturers and 

construction  companies  to  enter  into  commercial  agreements  to  purchase  near‐zero 

emissions materials at a price premium. In most cases, the premium would result in only a 

modest impact on the final price of the product price given that materials generally account 

for a small portion of manufacturing costs (Material Economics, 2019). 
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4.4 Citizens 

4.4.1 Energy‐related Sustainable Development Goals 

An inclusive and people‐centred transition  is key to the world moving rapidly, collectively 

and consistently  toward net‐zero emissions by mid‐century. The NZE achieves  the United 

Nations energy‐related Sustainable Development Goals (SDGs) of universal access to clean 

modern energy by 2030 (SDG 7.1) and reducing premature deaths caused by air pollution 

(SDG 3.9).  The  technologies,  options  and  measures  used  to  achieve  full  access  to  low‐

emissions  electricity  and  clean  cooking  solutions  by  2030  in  the NZE  also help  to  reduce 

greenhouse gas (GHG) emissions from household energy use. 

Energy access 

About 790 million people worldwide did not have access to electricity in 2020, most of them 

living  in  sub‐Saharan  Africa  and  developing  Asia.  Around  2.6 billion  people  did  not  have 

access to clean cooking options: 35% of them were in sub‐Saharan Africa, 25% in India and 

15% in China. A lack of access to energy not only impedes economic development, but also 

causes serious harm to health and is a barrier to progress on gender equality and education.8 

Figure 4.10 ⊳ People gaining access to electricity by type of connection in 
emerging market and developing economies in the NZE 

IEA. All rights reserved.

More than 80% of people gaining access to electricity by 2030 are supplied  
renewable power and just over half via off-grid systems 

                                                                                                                                   
8  Households  relying  on  the  traditional  use  of  biomass  for  cooking  dedicate  around  1.4 hours  each  day 
collecting firewood and several hours cooking with inefficient stoves, a burden largely borne by women (IEA, 

2017). 
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Around 45% of those who lack access to electricity by 2030 gain it via a connection to a main 

grid,  while  the  rest  are  served  by  mini‐grids  (30%)  and  stand‐alone  solutions  (25%) 

(Figure 4.10). Almost all off‐grid or mini‐grid solutions are 100% renewable. Decentralised 

systems  that  rely  on  diesel  generators, which  are  also  deployed  in  some  grid‐connected 

systems  to  compensate  for  low  reliability,  are  phased  out  later  and  replaced  with  solar 

storage  systems.  Achieving  full  access  does  not  lead  to  a  significant  increase  in  global 

emissions: in 2030 it adds less than 0.2% to CO2 emissions. Achieving full access to electricity 

also brings efficiency gains and accelerates the electrification of appliances, which become 

critical to emissions reductions in buildings after 2030 in emerging market and developing 

economies. 

For clean cooking, 55% of those gaining access by 2030 in the NZE do so through improved 

biomass cookstoves (ICS)  fuelled by modern biomass, biogas or ethanol, 25% through the 

use of liquefied petroleum gas (LPG) and 20% via electric cooking solutions (Figure 4.11). LPG 

is the main fuel adopted in urban areas and ICS is the main option in rural areas. The use of 

LPG results in a slight increase in CO2 emissions in 2030 but a net reduction in overall GHG 

emissions  due  to  reduced methane,  nitrous  oxides  and  black  carbon  emissions  from  the 

traditional use of biomass. In addition, LPG is increasingly decarbonised after 2030 using bio‐

sourced  butane  and  propane  (bioLPG)  produced  sustainably  from municipal  solid  waste 

(MSW) and other renewable feedstocks. The technical potential of bioLPG production from 

MSW in 2050 in Africa could be enough to satisfy the cooking needs of more than 750 million 

people (GLPGP, 2020; Liquid Gas Europe, 2021). 

Figure 4.11 ⊳ Primary cooking fuel by share of population in emerging market 
and developing economies in the NZE 

IEA. All rights reserved.

Traditional biomass is entirely replaced with modern energy by 2030, mainly in the form of 
bioenergy and LPG; by 2050, electricity, bioenergy and bioLPG meet most cooking needs  

Notes: Modern bioenergy includes improved cook stoves, biogas and ethanol. Liquefied petroleum gas (LPG) 

includes fossil and renewable fuel. 
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The  achievement  of  universal  access  to  clean  energy  by  2030  requires  governments  and 

donors to put expanding access at the heart of recovery plans and programmes. There would 

be  multiple  benefits:  investing  heavily  in  energy  access  would  provide  an  immediate 

economic boost, create local jobs and bring durable improvements to social well‐being by 

modernising health services and food chains. In the NZE, around USD 35 billion is spent each 

year  improving  access  to  electricity  and  almost USD 7 billion  each  year  on  clean  cooking 

solutions for people in low‐income countries from now to 2030.  

Air pollution and health 

More than 90% of people around the world are exposed to polluted air today. Such pollution 

led to around 5.4 million premature deaths in 2020, undermining economic productivity and 

placing extra stress on healthcare systems. Most of these deaths were in emerging market 

and developing economies. Just over half were caused by exposure to outdoor air pollution; 

the remainder resulted from breathing polluted air indoors, caused mainly by the traditional 

use of biomass for cooking and heating.  

Energy‐related emissions of the three major air pollutants – sulphur dioxide (SO2), nitrogen 

oxides (NOX) and fine particulate matter (PM2.5) – fall rapidly in the NZE. SO2 emissions fall by 

85% between 2020 and 2050, mainly as a result of the  large‐scale phase‐out of coal‐fired 

power plants and industrial facilities. NOX emissions also drop by around 85% as a result of 

the  increased  use  of  electricity,  hydrogen  and  ammonia  in  the  transport  sector.  The 

increased uptake of clean cooking fuels in developing countries, together with air pollution 

control  measures  in  industry  and  transport,  results  in  a  90%  drop  in  PM2.5  emissions 

(Figure 4.12). The reduction in air pollution in the NZE leads to roughly a halving in premature 

deaths  in  2050  compared with  2020,  saving  the  lives  of  about  2 million people  per  year, 

around 85% of them in emerging market and developing economies. 

Figure 4.12 ⊳ Global premature deaths and air pollutant emissions in the NZE  

 
IEA. All rights reserved.

Reductions in major air pollutants mean 2 million fewer premature deaths per year 

Sources: IEA analysis based on IIASA. 
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4.4.2 Affordability 

Total spending on energy 

Energy affordability  is a key concern for governments, businesses and households. Global 

direct  spending  on  energy,  i.e.  the  total  fuel  bills  paid  by  all  end  users,  which  totalled 

USD 6.3 trillion in 2020, increases by 45% to 2030 and 75% to 2050, in large part reflecting 

population and GDP growth over this period. As a share of global GDP, the figures look rather 

different: total direct spending on energy holds steady at around 8% out to 2030 (similar to 

the average over the last five years), but then declines to 6% in 2050. This decline offsets a 

significant  share  of  the  higher  cost  of  buying  new,  more  efficient  energy‐consuming 

equipment. 

A portion of the increase in energy spending in the NZE is related to rising CO2 prices and the 

removal  of  consumption  subsidies  for  fossil  fuels  and  electricity.  CO2  pricing  (taxes  and 

trading schemes) paid by end users at its peak generates global revenues in the NZE of close 

to  USD 700 billion  each  year  between  2030  and  2035,  before  declining  steadily  due  to 

declining overall emissions: these revenues could be recycled into economies or otherwise 

used to  improve consumer welfare, particularly  for  low‐income households. The NZE also 

sees  the  progressive  removal  of  consumption  subsidies  for  fossil  fuels,  many  of  which 

disproportionally  benefit  wealthier  segments  of  the  population  that  use  more  of  the 

subsidised  fuel.  Phasing  out  the  subsidies  would  provide more  efficient  price  signals  for 

consumers, and spur more energy conservation and measures to improve energy efficiency. 

The impact of phasing out subsidies on lower income households could be offset through 

direct payment schemes or other means at lower overall costs to the economy. 

Figure 4.13 ⊳ Global energy spending by fuel in the NZE 

IEA. All rights reserved.

Total energy spending increases by 75% to 2050, mainly on electricity 

Note: Other = hydrogen‐based and synthetic fuels, and district heating.  
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The  transformation  of  the  global  energy  system  in  the  NZE  drives  a  major  shift  in  the 

composition of energy spending. Spending on electricity at USD 2.7 trillion in 2020 (45% of 

total energy spending) exceeded spending on oil products for the first time and it rises to 

over USD 8.5 trillion in 2050 (80% of total energy spending) (Figure 4.13). Retail electricity 

prices increase by 50% on average, contributing to the total increase. Spending on oil, which 

has  dominated  overall  energy  spending  for  decades,  goes  into  long‐term  decline  in  the 

2020s, its share of spending falling from 40% in 2020 to just 5% in 2050. Spending on natural 

gas and coal also declines in the long term, offset by higher spending on low‐emissions fuels. 

Spending on bioenergy reaches about USD 900 billion per year by 2040, while other  low‐

emissions fuels, including hydrogen‐based products, gain a foothold and establish a market 

worth of around USD 600 billion per year by 2050. 

Household spending on energy 

Direct spending by households on energy, including for heating, cooling, electricity and fuel 

for passenger cars, falls as a share of disposable income in the NZE, though there are large 

differences between countries (Figure 4.14).  

Figure 4.14 ⊳ Average annual household energy bill in the NZE 

IEA. All rights reserved.

The proportion of disposable household income spent on energy is stable in emerging 
market and developing economies, and drops substantially in advanced economies 

Note: Hydrogen‐based includes hydrogen, ammonia and synthetic fuels. 

In advanced economies, the average annual bill declines from about USD 2 800 in 2020 to 

USD 2 300  in  2030,  thanks  to  a  strong  push  on  energy  efficiency  and  cost‐effective 

electrification. Oil products make up close to half of household energy bills in 2020, but this 

falls to 30% in 2030 and almost zero in 2050, due to a rapid shift to EVs and to downward 

pressure on oil prices. Natural gas bills, which make up almost 10% of the total today, also 
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fall  to almost zero  in 2050 with the electrification of heating and cooking. Electricity rises 

from about 35% of household fuel bills in 2020 to 90% in 2050, increasing the sensitivity of 

households to electricity prices and consumption. Increasing incomes mean that household 

spending on energy as a share of disposable income drops from 4% in 2020 to 2% in 2050. 

In  emerging market  and  developing  economies,  there  is  a  huge  increase  in  demand  for 

modern energy services linked to expanding populations, economic growth, rising incomes 

and universal  access  to electricity  and  clean  cooking options. As  in  advanced economies, 

electricity accounts for the vast majority of energy bills  in 2050. The use of more efficient 

appliances and equipment curbs some of the increase in demand, but household bills still 

increase in the NZE by over 60% to 2030 and more than double by 2050. As a percentage of 

disposable  income, however,  bills  in  emerging market  and developing economies  remain 

around 4%, and there are large social and economic benefits from increased energy use. 

Figure 4.15 ⊳ Change in household spending on energy plus energy-related 
investment in the NZE relative to 2020 

IEA. All rights reserved.

Total household spending on energy increases modestly in emerging market and 
developing economies, leaving over 90% of additional income available for other uses 

Taking  into  account  additional  investment  in  electricity‐consuming  equipment  such  as 

efficient  appliances  and  electric  vehicles,  spending  on  energy  plus  related  investment  is 

USD 1.30 higher per day per household globally in 2050 than in 2020 in the NZE. This modest 

increase means that expenditure on energy makes up a smaller share of disposable income 

in 2050  than  it does  today,  though  the  impacts vary by country.  In advanced economies, 

additional investment in electrification, energy efficiency and renewable energy costs about 

USD 750 per household by 2030 and USD 720 in 2050, which is fully offset by reductions in 

the  level  of  energy  bills  (Figure 4.15).  In  emerging  market  and  developing  economies,  a 
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growing basket of energy services means increased use of energy, and total energy‐related 

household spending increases. Additional investment moderates the change in energy bills, 

with  the  result  that  total  energy‐related  spending  takes  2  percentage  points  more  of 

household disposable income in 2030 and 1 percentage point more in 2050 than today. 

4.4.3 Behavioural changes  

Behavioural changes play an important part in reducing energy demand and emissions in the 

NZE, especially in sectors where technical options for cutting emissions are limited in 2050. 

While  it  is  citizens  and  companies  that  modify  their  behaviour,  the  changes  are  mostly 

enabled by the policies and investments made by governments, and in some instances, they 

are required by laws or regulations. The Covid‐19 pandemic has increased general awareness 

of the potential effectiveness of behavioural changes, such as mask‐wearing, and working 

and schooling at home. The crisis demonstrated that people can make behavioural changes 

at significant speed and scale if they understand the changes to be justified, and that it  is 

necessary for governments to explain convincingly and to provide clear guidance about what 

changes are needed and why they are needed. 

Figure 4.16 ⊳ Emissions reductions from policy-driven and discretionary 
behavioural changes by citizens and companies in the NZE 

IEA. All rights reserved.

Three-quarters of the emissions saved by behavioural changes could be  
directly influenced or mandated by government policies 

Around three‐quarters of  the emissions saved by behavioural changes between 2020 and 

2050  in  the  NZE  could  be  directly  influenced  or  mandated  by  government  policy 

(Figure 4.16). They include mitigation measures such as phasing out polluting cars from large 

cities  and  reducing  speed  limits  on  motorways.  The  other  one‐quarter  involves  more 

discretionary  behavioural  changes,  such  as  reducing  wasteful  energy  use  in  homes  and 
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offices,  though  even  these  types  of  changes  could  be  promoted  through  awareness 

campaigns  and  other  means.  Around  10%  of  emissions  savings  directly  influenced  or 

mandated  by  government  policy  would  require  new  or  redirected  investment  in 

infrastructure. For example, the shift in the NZE from regional flights to high‐speed rail would 

necessitate building around 170 000 kilometres of new track globally by 2050 (a tripling of 

2020 levels).  

Behavioural changes made by citizens and companies play a roughly equal role in reducing 

emissions  in  the NZE. Most changes  in  road transport and energy‐saving  in homes would 

depend on individuals, whereas the private sector has the primary role in reducing energy 

demand  in  commercial  buildings  and  pursuing  materials  efficiency  in  manufacturing. 

Companies can also influence behavioural changes indirectly, for example, by promoting the 

use of public  transport by employees  that  commute or encouraging working  from home. 

However,  a  simple  distinction  between  the  role  for  individuals  and  companies  masks  a 

complex underlying dynamic: it is ultimately citizens as consumers of energy‐related goods 

and services who shape corporate strategies, but at the same time companies do much to 

influence and generate consumer demand through marketing and advertising. In the NZE, 

consumers  and  companies  move  together  in  adopting  behavioural  changes,  with 

governments setting the direction of those changes and facilitating them via effective and 

sustained policy support. 

The behavioural  changes  in  the NZE happen  to different extents  in different  regions, and 

reflect a range of geographical and infrastructure constraints, as well as existing behavioural 

norms  and  cultural  preferences.  In  countries  with  low  rates  of  car  ownership  or  energy 

service demand in buildings, many of the behavioural changes in advanced economies in NZE 

would not be relevant or appropriate. As a result, around half of the emissions savings from 

behavioural changes are in emerging market and developing economies, despite around 95% 

of activity growth in buildings and road transport between 2020 and 2050 occurring there. 

Nevertheless,  there  are  significant  opportunities  in  emerging  market  and  developing 

economies  for  materials  efficiency  and  urban  design  to  decouple  growth  in  economic 

prosperity and energy services from increases in emissions. For example, around 85% of CO2 

emissions reductions from cement and steel making  in 2050 are due to gains  in materials 

efficiency in emerging market and developing economies. 

Cities are  important  to  the behavioural changes  in  the NZE. Urban design can reduce the 

average  city  dweller’s  carbon  footprint  by  up  to  60%  by  shaping  lifestyle  choices  and 

influencing day‐to‐day behaviour. For example, compact cities with clustered amenities can 

shorten average trip lengths; digitalisation can help shared private mobility to become the 

de facto option to accommodate much of the growth in service demand; and urban green 

infrastructure can reduce cooling demand (Feyisa, Dons & Meilby, 2014). 
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4.5 Governments 

4.5.1 Energy security 

Energy security is an important consideration for governments and those they serve, and the 

pathway to net‐zero emissions must take account of it. Concerns about energy security have 

traditionally  been  associated  with  oil  and  natural  gas  supplies.  The  drop  in  oil  and  gas 

demand and the increased diversity of the energy sources used in the NZE may reduce some 

risks, but they do not disappear. There are also new potential vulnerabilities associated with 

the need to maintain reliable, flexible and secure electricity systems, and with the increase 

in  demand  for  raw  minerals  for  clean  energy  technologies.  Improving  energy  efficiency 

remains the central measure for increasing energy security – even with rapid growth in low‐

emissions electricity generation, the safest energy supplies are those that are not needed.  

Oil and gas security 

No new oil and natural gas fields are required in the NZE beyond those already approved for 

development, and supplies become increasingly concentrated in a small number of low‐cost 

producers. For oil, OPEC’s share of global oil supply grows from around 37% in recent years 

to 52% in 2050, a level higher than at any point in the history of oil markets (Figure 4.17). For 

natural gas, inter‐regional liquefied natural gas (LNG) trade increases from 420 bcm in 2020 

over the next five years but it then falls to around 160 bcm in 2050. Nearly all exports in 2050 

come from the lowest cost and lowest emissions producers. This means that the importance 

of ensuring adequate supplies of oil and natural gas to the smooth functioning of the global 

energy system would be quantitatively lower in 2050 than today, but it does not suggest that 

the risk of a shortfall  in supply or sudden price rise is necessarily going to diminish, and a 

shortfall or sudden price rise would still have large repercussions for a number of sectors.  

Figure 4.17 ⊳ Global oil supply and LNG exports by region in the NZE 

 
IEA. All rights reserved.

Increased reliance on OPEC and other producer economies suffering from falling  
oil and gas revenues could pose a risk to supply security in consuming countries  
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Even if the timing and ambition of emission reduction policies are clear, the changes in the 

NZE clearly have implications for producers and consumers alike. Many producer economies 

would see oil and gas revenues drop to some of the lowest ever levels (see section 4.2.2). 

Even  if  these  producers  increase  their  market  share,  and  diversify  their  economies  and 

sources of tax revenue, they are likely to struggle to finance essential spending at current 

levels. This could have knock‐on effects for social stability, and that in turn could potentially 

threaten the smooth delivery of oil and gas to consuming countries. Moves on the part of 

producer economies to gain market share or a failure to maintain upstream operations while 

managing the extreme strains that would be placed on their  fiscal balances could  lead to 

turbulent and volatile markets, greatly complicating the task facing policy makers. 

Electricity security 

The rapid electrification of all sectors in the NZE, and the associated increase in electricity’s 

share of  total  final consumption from 20%  in 2020 to nearly 50%  in 2050, puts electricity 

even more at the heart of energy security across the world than it already is (IEA, 2020h). 

Greater reliance on electricity has both positive and negative implications for overall energy 

security.  One  advantage  for  energy‐importing  countries  is  that  they  become  more 

self‐sufficient, since a much higher share of electricity supply is based on domestic sources 

in the NZE than is the case for other fuels. However the increased importance of electricity 

means  that  any  electricity  system  disruption  would  have  larger  impacts.  Electricity 

infrastructure is often more vulnerable to physical shocks such as extreme weather events 

than  pipelines  and  underground  storage  facilities,  and  climate  change  is  likely  to  put 

increasing pressure on electricity systems, for example through more frequent droughts that 

might decrease the availability of water for hydropower and for cooling at thermal power 

plants. The resilience of electricity systems needs to be enhanced to mitigate these risks and 

maintain  electricity  security,  including  through  more  robust  contingency  planning,  with 

solutions based on digital technologies and physical system hardening (IEA, 2021b).  

Cybersecurity could pose an even greater risk to electricity security as systems incorporate 

more digitalised monitoring and controls  in a growing number of power plants, electricity 

network assets and storage facilities. Policy makers have a central part to play in ensuring 

that the cyber resilience of electricity is enhanced, and there are a number of ways in which 

they can pursue this (IEA, 2021c). 

Maintaining  electricity  security  also  requires  a  range  of  measures  to  ensure  flexibility, 

adequacy and reliability at all  times. Enhanced electricity system flexibility  is of particular 

importance  as  the  share  of  variable  renewables  in  the  generation  mix  rises.  As  a 

consequence, electricity system flexibility quadruples globally in the NZE in parallel with a 

more than two‐and‐a half‐fold increase in electricity supply.9 A portfolio of flexibility sources 

–  including  power  plants,  energy  storage  and  demand  response  supported  by  electricity 

                                                                                                                                   
9 Electricity system flexibility is quantified here based on hour‐to‐hour ramping needs, which is only one aspect 
of flexibility that also includes actions on much shorter time scales to maintain frequency and other ancillary 

services. 
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networks  –  is  used  to match  supply  and  demand  at  all  times  of  the  year,  under  varying 

weather conditions and levels of demand. There is a significant shift in the NZE from using 

coal‐  and  gas‐fired power plants  for  the provision of  flexibility  to  the use of  renewables, 

hydrogen, battery storage, and demand‐side response (Figure 4.18). 

Figure 4.18 ⊳ Electricity system flexibility by source in the NZE 

 
IEA. All rights reserved.

To meet four-times the amount of hour-to-hour flexibility needs,  
batteries and demand response step up to become the primary sources of flexibility 

Electricity  demand  also  becomes  much  more  flexible  as  a  result  of  the  use  of  demand 

response measures, e.g. to shift consumption to times when renewable energy is plentiful. 

Conventional  sources  of  demand  response  such  as moderating  industry  activities  remain 

important, but new areas of demand response such as smart charging of EVs unlock valuable 

new  ways  of  supplementing  them.10  As  the  EV  fleet  expands  in  the  NZE,  EVs  provide  a 

significant  portion  of  total  electricity  system  flexibility.  Although  the  technology  already 

exists, the roll‐out of smart charging has been slow to date due to institutional and regulatory 

barriers; these hurdles are overcome in the NZE. Measures are also implemented to ensure 

that  the  digitalisation  of  charging  and  other  sources  of  flexibility  does  not  compromise 

cybersecurity, and that potential social acceptance issues are addressed. 

Energy  storage also plays  an  important  role  in  the provision of  flexibility  in  the NZE.  The 

deployment of battery storage systems is already starting to accelerate and to contribute to 

the management of short‐duration flexibility needs, but the massive scale up to 3 100 GW of 

storage  in  2050  (with  four  hour  duration  on  average)  envisaged  in  the  NZE  hinges  on 

overcoming current regulatory and market design barriers. Pumped hydropower offers an 

attractive means of providing flexibility over a matter of hours and days, while hydrogen has 

                                                                                                                                   
10  Smart  chargers  share  real‐time  data with  a  centralised  platform  to  allow  system  operators  to  optimise 
charging profiles based on how much energy the vehicle needs over a specified span of time, how much is 

available, the price of wholesale electricity, grid congestion and other parameters. 

20% 40% 60% 80% 100%

2050

2020

2050

2020
Coal
Natural gas
Oil
Hydrogen‐based
Nuclear
Hydro
Other renewables
Batteries
Demand response

A
d
va
n
ce
d
 

ec
o
n
o
m
ie
s

Em
er
gi
n
g
m
ar
ke

t 
an

d
 

d
e
ve

lo
p
in
g 
e
co
n
o
m
ie
s

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1957  



 

178 International Energy Agency | Special Report

 

the potential to play an important part in longer term seasonal storage since it can be stored 

in converted gas storage facilities that have several orders of magnitude more capacity than 

battery storage projects.  

Dispatchable power is essential to the secure transition of electricity systems, and in the NZE 

this comes increasingly from low‐emissions sources. Hydropower provides a significant part 

of  flexibility  in  many  electricity  systems  today,  and  this  continues  in  the  future,  with 

particular emphasis on expanding pumped hydro facilities. Nuclear power and geothermal 

plants, though designed for baseload generation, also provide a degree of flexibility in the 

NZE, but there are constraints on how much these sources can be expanded. This leaves an 

important role for thermal power plants that are equipped with carbon capture or use low‐

emissions fuels. For example, the use of sustainable biomass or low‐emissions ammonia in 

existing  coal  plants  offers  a  way  of  allowing  these  facilities  to  continue  to  contribute  to 

flexibility and capacity adequacy, while at the same time reducing CO2 emissions. Additional 

measures will also be necessary to maintain power system stability (Box 4.1). 

Box 4.1 ⊳ Power system stability with high shares of variable renewables 

Stability is a key feature of electricity security, allowing systems to remain in balance and 

withstand  disturbances  such  as  sudden  generator  or  grid  outages.  Historically, 

conventional  generators  such  as  nuclear,  hydro  and  fossil  fuels  have  been  central  to 

electricity  system  stability,  providing  inertia with  rotating machines  that  allow  stored 

kinetic energy to be instantly converted into power in case of a system disturbance, and 

generating a voltage signal that helps all generators remain synchronous. 

In contrast, newer technologies such as solar PV, wind and batteries are connected to the 

system through converters. They generally do not contribute to system inertia and are 

configured  as  “grid‐following”  units,  synchronising  to  conventional  generators. 

Maintaining system stability will call for new approaches as the share of converter based 

resources, and in particular variable renewables, rises much higher in electricity systems. 

There is a growing body of knowledge and studies on stability in systems with high shares 

of  variable  renewables.  For  example,  a  recent  joint  study  by  the  IEA  and  RTE,  the 

transmission system operator in France, analyses the conditions under which it would be 

technically feasible to integrate high shares of variable renewables in France (IEA, 2021d). 

Based on the findings of this study:  

 One option to ensure stability for a net zero power system is to maintain a minimum 

amount of conventional generation from low‐carbon technologies during hours of 

high shares VRE output. This approach to maintain stability comes at the cost of solar 

and wind curtailment at high shares. 

 Updated  grid  codes  can  be  used  to  call  for  variable  renewables  and  batteries  to 

provide  fast  frequency  response  services,  which  can  help  reduce  the  amount  of 

conventional generation needed for stability. 
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 Synchronous condensers are able to provide inertia without generating electricity. 

The  technology  is  already  proven  at  GW‐scale  in  Denmark  and  also  in  South 

Australia, but experience needs to be expanded at larger scale. 

 Grid‐forming converters can allow variable renewables and batteries to generate a 

voltage signal, though experience with this approach needs to move beyond micro‐

grids and small islands to large interconnected systems. 

Demonstration projects,  stakeholder consultations and  international collaboration will 

be critical to fully understand the merits of each of these four approaches and the scope 

for a portfolio of options  that would most cost‐effectively achieve net  zero emissions 

while maintaining electricity security. 

Electricity networks support and enable the use of all sources of flexibility, balancing demand 

and supply over large areas. Timely investment in grids to minimise congestion and expand 

the size of the areas where supply and demand are balanced will be critical to making the 

best  use  of  solar  PV  and wind  projects,  and  ensuring  affordable  and  reliable  supplies  of 

electricity. Expanding long‐distance transmission also makes a key contribution in the NZE, 

since a lack of available land near demand centres and other factors mean new sources of 

generation are often located in remote areas. It is important that new transmission systems 

are  built  with  variable,  bidirectional  operation  in  mind  in  order  to  maximise  the  use  of 

available flexibility sources, and that regulatory and market arrangements support flexible 

connections  between  systems.  The  key  value  of  interconnections  comes  from 

complementary  electricity  demand  and  wind  patterns:  solar PV  output  is  more  highly 

correlated than wind over large areas.  

The NZE sees a major increase in demand for critical minerals such as copper, lithium, nickel, 

cobalt and rare earth elements that are essential for many clean energy technologies. There 

are several potential vulnerabilities that could hinder the adequate supply of these minerals 

and lead to price volatility (IEA, 2021a). Today’s production and processing operations for 

many minerals  are  highly  concentrated  in  a  small  number  of  countries, making  supplies 

vulnerable to political instability, geopolitical risks and possible export restrictions. In many 

cases,  there  are  also  concerns  about  land‐use  changes,  competition  for  scarce  water 

resources, corruption and misuse of government resources, fatalities and injuries to workers, 

and human rights abuses, including the use of child labour. New critical mineral projects can 

have long lead times, so the rapid increase in demand in the NZE could lead to a mismatch 

in timing between supply and demand. The international trade and investment regime is key 

to maintaining reliable mineral supplies, but policy support and international co‐ordination 

will be needed to ensure the application of rigorous environmental and social regulations. 
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4.5.2 Infrastructure 

Getting to net‐zero emissions will require huge amounts of new infrastructure and lots of 

modifications  to  existing  assets.  Energy  infrastructure  is  transformed  in  the  NZE  as  all 

countries  and  regions  move  from  systems  supporting  the  use  of  fossil  fuels  and  the 

distribution of conventionally generated electricity to systems based largely on renewable 

electricity and low‐emissions fuels. In many emerging market and developing economies, the 

provision of large amounts of infrastructure would be necessary in the coming decades in 

any case, creating a window of opportunity to support the transition to a net‐zero emissions 

economy.  In all  countries,  governments will  play a  central  role  in planning,  financing and 

regulating the development of infrastructure. Some of the main infrastructure components 

– electricity networks and EV charging, pipelines systems for low‐emissions fuels and CO2, 

and transport infrastructure – are discussed below. 

The rapid increase in electricity demand in the NZE and the transition to renewable energy 

call  for  an  expansion  and modernisation  of  electricity  networks  (Figure 4.19).  This would 

require a sharp reversal in the recent trend of declining investment: failure to achieve this 

would almost certainly make the energy transition for net‐zero emissions impossible. Tariff 

design and permitting procedures also need to be revised to reflect fundamental changes in 

the provision and uses of electricity. Some of the main considerations include: 

 Long‐distance transmission. Most of the growth in renewables in the NZE comes from 

centralised sources. Yet the best solar and wind resources are often in remote regions, 

requiring new transmission connections. Ultra high‐voltage direct current systems are 

likely to play an important role in supporting transmission over long distances. 

 Local distribution. Energy efficiency gains in households and wider use of rooftop solar 

PV mean surplus electricity will be available more often, while electric heat pumps and 

residential  EV  charging  points  will  require  electricity  to  be  more  widely  available. 

Together these developments point to the need for substantial increases in distribution 

network capacity.  

 Grid  substations.  The  massive  expansion  of  solar  PV  and  wind  requires  new  grid 

substations:  their  capacity  expands  by  more  than  57 000 GW  in  the  NZE  by  2030, 

doubling current capacity globally. 

 EV charging. Major new public charging networks are built in the NZE, including in work 

places, highway service stations and residential complexes, to support EV expansion and 

long‐distance driving on highways.  

 Digitalisation of networks. With a large increase in the use of connected devices, the 

digitalisation of grid assets supports more flexible grid operations, better management 

of variable renewables and more efficient demand response.  
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Figure 4.19 ⊳ Annual average electricity grid expansion, replacement and 
substation capacity growth in the NZE 

 
IEA. All rights reserved.

Grid and substation expansion is driven largely by the massive deployment of renewables 
and electrification of end-uses, with a rising digital share of infrastructure 

Note: Substation capacity here assumes active electricity is equal to apparent electricity.  

Pipelines continue to play a key role  in the transmission and distribution of energy  in the 

NZE: 

 Given the rapid decline of fossil fuels, significant investment in new oil and gas pipelines 

are not needed in the NZE. However investment is needed to link the production of low‐

emissions liquids and gases with consumption centres, and to convert existing pipelines 

and associated distribution infrastructure for the use of these low‐emissions fuels. Some 

low‐emissions fuels, such as biomethane and synthetic hydrogen‐based fuels, can make 

use of existing infrastructure without any modifications, but pure hydrogen requires a 

retrofit of existing pipelines. New dedicated hydrogen infrastructure is also needed in 

the  NZE,  for  example  to  move  hydrogen  produced  in  remote  areas  with  excellent 

renewable resources to demand centres.  

 The expansion of CCUS  in  the NZE  requires  investment  in CO2  transport and  storage 

capacity.  By  2050,  7.6 Gt  of  CO2  is  captured worldwide,  requiring  a  large  amount  of 

pipeline  and  shipping  infrastructure  linking  the  facilities where  CO2  is  captured with 

storage  sites.  Industrial  clusters,  including  ports,  may  offer  the  best  near‐term 

opportunities  to  build  CO2  pipeline  and  hydrogen  infrastructure,  as  the  various 

industries  in  those  clusters  using  the  new  infrastructure would  be  able  to  share  the 

upfront investment needs (Figure 4.20). 
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Figure 4.20 ⊳ Illustrative example of a shared CO2 pipeline in an  
industrial cluster 

IEA. All rights reserved.

Deployment of technologies like CCUS and hydrogen and their enabling infrastructure 
would benefit strongly from a cross-sectoral approach in industrial clusters 

Transforming transport infrastructure represents both a challenge and an opportunity. The 

challenge arises from the potential increase in the energy and carbon intensity of economic 

growth during the infrastructure development phase.11 Steel and cement are the two main 

components  of  virtually  all  infrastructure  projects,  but  they  are  also  among  the  most 

challenging  sectors  to  decarbonise.  The  opportunity  comes  from  the  scope  that  exists  in 

some countries to develop infrastructure from scratch in a way that is compatible with the 

net  zero  goal.  Countries  undergoing  rapid  urbanisation  today  can  design  and  steer  new 

infrastructure development towards higher urban density and high‐capacity mass transit in 

tandem with EV charging and low‐emissions fuelling systems.  

Rail has an  important part  to play as  transport  infrastructure  is developed. The NZE  sees 

large‐scale investment in all regions in high‐speed trains to replace both long‐distance car 

driving  and  short‐haul  aviation.  It  also  sees  large‐scale  investment  in  all  regions  in  track, 

control systems, rolling stock modernisation and combined freight facilities to improve speed 

and flexibility for just‐in‐time logistical operations and thus support a shift of freight from 

road to rail, especially for container traffic. 

                                                                                                                                   
11 The modelling for the NZE incorporates the increase in steel and cement that is required to build additional 
transport  infrastructure  (roads,  cars  and  trucks)  and  energy  infrastructure,  e.g.  power  plants  and  wind 

turbines. 

1962  



 

Chapter 4 | Wider implications of achieving net-zero emissions 183

 

4 

4.5.3 Tax revenues from retail energy sales 

The slump  in  the consumption of  fossil  fuels  required  to get  to net‐zero emissions would 

result in the loss of a large amount of tax revenue in many countries, given that fuels such as 

oil‐based transport  fuels and natural gas are often subject  to high excise or other special 

taxes. In recent years, energy‐related taxes accounted for around 4% of total government 

tax  revenues  in  advanced  economies  on  average  and  3.5%  in  emerging  market  and 

developing economies, but they provided as much as 10% in some countries (OECD, 2020). 

Figure 4.21 ⊳ Global revenues from taxes on retail sales of oil and gas in the 
NZE 

 
IEA. All rights reserved.

Tax revenues slump from retail sales of oil and gas  

Tax revenue from oil and natural gas retail sales falls by close to 90% between 2020 and 2050 

in  the NZE  (Figure 4.21). Governments are  likely  to need  to  rely on  some combination of 

other tax revenues and public spending reforms to compensate. Some taxation measures 

focused on the energy sector could be useful. However, any such taxes would need to be 

carefully  designed  to  minimise  their  impact  on  low‐income  households,  as  poorer 

households spend a higher percentage of their disposable income on electricity and heating. 

Options for energy‐related taxes include: 

 CO2 prices. These are introduced in all regions in the NZE, albeit at different levels for 

countries and sectors, which provide additional revenue streams. The reduction in oil 

and natural gas excise taxes is more than compensated over the next 15 years by higher 

revenues from CO2 prices related to these fuels paid by end users and other sectors, but 

these too fall as the global energy system moves towards net‐zero emissions. 

 Road fees and congestion charges. These would have the added benefit of discouraging 

driving and encouraging switching to other less carbon‐intensive modes of transport.  
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 Increasing taxation on electricity. Higher  taxes on all electricity sales could generate 

substantial revenues, especially since large increases in price often have little effect on 

consumption. This might be counterproductive, however, as it would reduce the cost‐

effectiveness of both EVs and heat pumps, which could slow their adoption, although 

this risk could be mitigated by the introduction of CO2 prices.  

Natural gas  is currently  less taxed than transport fuels  in most countries.  Introducing and 

raising  CO2  prices  for  natural  gas  used  in  buildings, mostly  for  heating, would  accelerate 

energy efficiency improvements and boost government revenues, although care would be 

needed  to avoid disproportionately  impacting  low‐income households. Taxing natural gas 

used  in  industry  would  improve  the  competitiveness  of  less  carbon‐intensive  fuels  and 

technologies  such  as  hydrogen,  but would  run  the  risk  of  undermining  the  international 

competitiveness  of  energy‐intensive  sectors  and  carbon  leakage  in  the  absence  of 

co‐ordinated global action or border carbon‐tax adjustments. 

4.5.4 Innovation 

Without  a major  acceleration  in  clean  energy  innovation,  reaching net‐zero  emissions  by 

2050 will not be achievable. Technologies that are available on the market today provide 

nearly all of the emissions reductions required to 2030 in the NZE to put the world on track 

for  net‐zero  emissions  by  2050.  However,  reaching  net‐zero  emissions  will  require  the 

widespread use after 2030 of technologies that are still under development today. In 2050, 

almost 50% of  CO2 emissions  reductions  in  the NZE  come  from  technologies  currently  at 

demonstration or prototype stage (Figure 4.22). This share is even higher in sectors such as 

heavy industry and long‐distance transport. Major innovation efforts are vital in this decade 

so that the technologies necessary for net‐zero emissions reach markets as soon as possible. 

Figure 4.22 ⊳ Global CO2 emissions changes by technology maturity category 
in the NZE 

 
IEA. All rights reserved.

While the emissions reductions in 2030 mostly rely on technologies on the market, those 
under development today account for almost half of the emissions reductions in 2050  
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Innovation cycles for early stage clean energy technologies are much more rapid in the NZE 

than what has typically been achieved historically, and most clean energy technologies that 

have not been demonstrated at scale today reach markets by 2030 at the latest. This means 

the time from first prototype to market introduction is on average 20% faster than the fastest 

energy technology developments in the past, and around 40% faster than was the case for 

solar PV  (Figure 4.23).  Technologies  at  the demonstration  stage,  such as CCUS  in  cement 

production or low‐emissions ammonia‐fuelled ships, are brought into the market in the next 

three  to  four years. Hydrogen‐based  steel production, direct air  capture  (DAC) and other 

technologies at the large prototype stage reach the market in about six years, while most 

technologies at small prototype stage – such as solid state refrigerant‐free cooling or solid 

state batteries – do so within the coming nine years. 

Figure 4.23 ⊳ Time from first prototype to market introduction for selected 
technologies in the NZE and historical examples 

 
IEA. All rights reserved.

Technology development cycles are cut by around 20% 
from the fastest developments seen in the past  

Note: H2  =  hydrogen;  CCUS  =  carbon  capture,  utilisation  and  storage;  LED  =  light‐emitting  diode;  Li‐ion  = 
lithium‐ion. 

Sources: IEA analysis based on Carbon Engineering, 2021; Greco, 2019; Tenova, 2018; Gross, 2018; European 

Cement Research Academy, 2012; Kamaya, 2011; Zemships, 2008. 

An acceleration of this magnitude is clearly ambitious. It requires technologies that are not 

yet  available  on  the  market  to  be  demonstrated  very  quickly  at  scale  in  multiple 

configurations and in various regional contexts. In most cases, these demonstrations are run 

in  parallel  in  the  NZE.  This  is  in  stark  contrast  with  typical  practice  in  technology 

development:  learning is usually transferred across consecutive demonstration projects  in 

different contexts to build confidence before widespread deployment commences.  

The acceleration that is needed also requires a large increase in investment in demonstration 

projects. In the NZE, USD 90 billion is mobilised as soon as possible to complete a portfolio 
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of demonstration projects before 2030: this is much more than the roughly USD 25 billion 

budgeted  by  governments  to  2030.  Most  of  these  projects  are  concerned  with  the 

electrification  of  end‐uses,  CCUS,  hydrogen  and  sustainable  bioenergy,  mainly  for  long‐

distance transport and heavy industrial applications.  

Increased public  funding helps  to manage  the  risks of  such  first‐of‐a‐kind projects and  to 

leverage private investment in research and development (R&D) in the NZE. This represents 

a  reversal  of  recent  trends:  government  spending  on  energy  R&D  worldwide,  including 

demonstration projects, has fallen as a share of GDP from a peak of almost 0.1% in 1980 to 

just 0.03% in 2019. Public funding also becomes better aligned with the innovations needed 

to  reach  net‐zero  emissions.  In  the  NZE,  electrification,  CCUS,  hydrogen  and  sustainable 

bioenergy account for nearly half of the cumulative emissions reductions to 2050. Just three 

technologies are critical in enabling around 15% of the cumulative emissions reductions in 

the  NZE  between  2030  and  2050:  advanced  high‐energy  density  batteries,  hydrogen 

electrolysers and DAC. 

Governments drive innovation in the NZE 

Bringing  new  energy  technologies  to  market  can  often  take  several  decades,  but  the 

imperative of reaching net‐zero emissions globally by 2050 means that progress has to be 

much faster. Experience has shown that the role of government is crucial in shortening the 

time needed to bring new technology to market and to diffuse  it widely  (IEA, 2020i). The 

government role includes educating people, funding R&D, providing networks for knowledge 

exchange, protecting intellectual property, using public procurement to boost deployment, 

helping  companies  innovate,  investing  in  enabling  infrastructure  and  setting  regulatory 

frameworks for markets and finance.  

Knowledge transfer from first‐mover countries can also help in the acceleration needed, and 

is particularly important in the early phases of adoption when new technologies are typically 

not competitive with incumbent technologies. For example, in the case of solar PV, national 

laboratories played a key role in the early development phase in the United States, projects 

supported directly by government in Japan created market niches for initial deployment and 

government  procurement  and  incentive  policies  in  Germany,  Italy,  Spain,  United  States, 

China,  Australia  and  India  fostered  a  global  market.  Lithium‐ion  (Li‐ion)  batteries  were 

initially developed through public and private research that took place mostly in Japan, their 

first energy‐related commercial operation was made possible in the United States, and mass 

manufacturing today is primarily in China. 

Many of the biggest clean energy technology challenges could benefit from a more targeted 

approach to speed up progress  (Diaz Anadon, 2012; Mazzucato, 2018). In the NZE, concerted 

government  action  leverages  private  sector  investment  and  leads  to  advances  in  clean 

energy technologies that are currently at different stages of development. 

 To  2030,  the  focus  of  government  action  is  on  bringing  new  zero‐  or  low‐emissions 

technologies to market. For example, in the NZE, steel starts to be produced using low‐

emissions hydrogen at  the scale of a conventional  steel plant,  large ships  start  to be 
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fuelled by  low‐emissions  ammonia  and electric  trucks  begin operating on  solid  state 

batteries.  In  parallel,  there  is  rapid  acceleration  in  the  deployment  of  low‐emissions 

technologies  that are already available on  the market but  that have not yet  reached 

mass  market  scale,  bringing  down  the  costs  of  manufacturing,  construction  and 

operating such technologies due to learning‐by‐doing and economies of scale. 

 From  2030  to  2040,  technology  advances  are  consolidated  to  scale  up  nascent  low‐

emissions  technologies  and  expand  clean  energy  infrastructure.  Clean  energy 

technologies  that  are  in  the  laboratory  or  at  small  prototype  stage  today  become 

commercial. For example,  fuels are  replaced by electricity  in cement kilns and steam 

crackers for high value chemicals production. 

 From 2040 to 2050, technologies at a very early stage of development today are adopted 

in  promising  niche  markets.  By  2050,  clean  energy  technologies  that  are  at 

demonstration or large prototype stage today become mainstream for purchases and 

new  installations,  and  they  compete  with  present  conventional  technologies  in  all 

regions. For example, ultra high‐energy density batteries are used in aircraft for short 

flights. 

4.5.5 International co‐operation 

The  pathway  to  net‐zero  emissions  by  2050  will  require  an  unprecedented  level  of 

international co‐operation between governments. This is not only a matter of all countries 

participating in efforts to meet the net zero goal, but also of all countries working together 

in  an  effective  and  mutually  beneficial  manner.  Achieving  net‐zero  emissions  will  be 

extremely challenging  for all  countries, but  the challenges are  toughest and the solutions 

least easy to deliver in lower income countries, and technical and financial support will be 

essential  to  ensure  the  early  stage  deployment  of  key  mitigation  technologies  and 

infrastructure in many of these countries. Without international co‐operation, emissions will 

not fall to net zero by 2050.  

There are four aspects of international co‐operation that are particularly important (Victor, 

Geels and Sharpe, 2019).  

 International demand signals and economies of scale. International co‐operation has 

been critical to the cost reductions seen in the past for many key energy technologies. 

It can accelerate knowledge transfer and promote economies of scale. It can also help 

align the creation of new demand for clean energy technologies and fuels in one region 

with the development of supply  in other regions. These benefits need to be weighed 

against  the  importance  of  creating  domestic  jobs  and  industrial  capacities,  and  of 

ensuring supply chain resilience.  

 Managing trade and competitiveness. Industries that operate in a number of countries 

need  standardisation  to  ensure  inter‐operability.  Progress  on  innovation  and  clean 

energy technology deployment in sectors such as heavy industry has been inhibited in 

the  past  by  uncoordinated  national  policies  and  a  lack  of  internationally  agreed 
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standards.  The  development  of  such  standards  could  accelerate  energy  technology 

development and deployment. 

 Innovation, demonstration and diffusion. Clean energy R&D and patenting is currently 

concentrated  in  a  handful  of  places:  United  States,  Europe,  Japan,  Korea  and  China 

accounted  for more  than 90% of  clean energy patents  in 2014‐18.  Progress  towards 

net‐zero  emissions  would  be  increased  by moving  swiftly  to  extend  experience  and 

knowledge of clean energy technologies in countries that are not involved in their initial 

development, and by funding first‐of‐a‐kind demonstration projects in emerging market 

and developing economies. International programmes to fund demonstration projects, 

especially  in sectors where technologies are  large and complex, would accelerate the 

innovation process (IEA, 2020i).  

 Carbon dioxide removal (CDR) programmes. CDR technologies such as bioenergy and 

DAC equipped with CCUS are essential to provide emissions reductions at a global level. 

International  co‐operation  is needed  to  fund and certify  these programmes,  so as  to 

make  the most  of  suitable  land,  renewable  energy  potential  and  storage  resources, 

wherever they may be. International emissions trading mechanisms could play a role in 

offsetting emissions in some sectors or areas with negative emissions, though any such 

mechanisms would require a high degree of co‐ordination to ensure market functioning 

and integrity.  

The  NZE  assumes  that  international  co‐operation  policies,  measures  and  efforts  are 

introduced to overcome these hurdles. To explore the potential implications of a failure to 

do so, we have devised a Low International Co‐operation Case (Box 4.2). This examines what 

would happen if national efforts to mitigate climate change ramp up in line with the level of 

effort in the NZE but co‐operation frameworks are not developed at the same speed. It shows 

that  the  lack of  international  co‐operation has a major  impact on  innovation,  technology 

demonstration, market co‐ordination and ultimately on the emissions pathway.  

Box 4.2 ⊳ Framing the Low International Co-operation Case 

To develop the Low International Co‐operation Case, technologies and mitigation options 

were  assessed  and  grouped  based  on  their  current  degree  of  maturity  and  the 

importance of  international co‐operation to their deployment. Mature technologies  in 

markets  that are  firmly established and that have a  low exposure  to  international co‐

operation  are  assumed  to  have  the  same  deployment  pathways  as  in  the  NZE. 

Technologies and mitigation options where co‐operation is needed to achieve scale and 

avoid duplication, that have a large exposure to international trade and competitiveness, 

that  depend  on  large  and  very  capital‐intensive  demonstration  programmes,  or  that 

require support to create market pull and standardisation to ensure inter‐operability, are 

assumed to be deployed more slowly (Malhotra and Schmidt, 2020). Compared with the 

NZE, these technologies are delayed by 5‐10 years in their initial deployment in advanced 

economies and by 10‐15 years in emerging market and developing economies. 
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Figure 4.24 ⊳ CO2 emissions in the Low International Co-operation Case  
and the NZE 

 
IEA. All rights reserved.

Without international co-operation, the transition to net zero would be delayed by decades 

Weak  international  co‐operation  slows  the  deployment  of  mitigation  options  that  are 

currently  in  the  demonstration  phase  (Figure 4.24).  This  includes  emissions  reductions  in 

heavy industry, trucks, aviation, shipping and CDR. The energy transition proceeds unevenly 

as a result. Over the next 20 years  in the Low International Co‐operation Case, emissions 

decline at a rapid but still slower pace than in the NZE in electricity generation, cars,  light 

industry and buildings. However, emissions reductions are much slower in other areas. After 

the mid‐2030s, the pace of emissions reductions worldwide slows markedly relative to the 

NZE, and the transition to net zero is delayed by decades. Just over 40% of the 15 Gt CO2 of 

emissions remaining in 2050 are in heavy industry, where the slower pace of demonstration 

and  diffusion  of mitigation  technologies  is  particularly  significant  (Figure 4.25).  A  further 

one‐third of the residual emissions in 2050 are from aviation, shipping and trucks. Here the 

slower scale up and diffusion of advanced biofuels, hydrogen‐based fuels and high‐energy 

density batteries hinders progress. The absence of co‐operation to support the deployment 

of  new  projects  in  emerging  market  and  developing  economies  means  that  emissions 

reductions there are much slower than in the NZE.  

These  results  highlight  the  importance  for  governments  of  strengthening  international 

co‐operation. A strong push  is needed to accelerate  innovation and the demonstration of 

key technologies, especially  for complex technologies  in emerging market and developing 

economies  where  costs  for  first‐of‐a‐kind  projects  are  generally  higher,  and  to  address 

concerns about international trade and competitiveness so as to ensure a just transition for 

all. 
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Figure 4.25 ⊳ CO2 emissions in the Low International Co-operation Case and 
the NZE in selected sectors in 2050 

IEA. All rights reserved.

CO2 emissions in 2050 in the Low International Co-operation Case  
are concentrated in the industry and transport sectors 

Note: Other energy sector = fuel production and direct air capture. 
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Annex A 

Tables for scenario projections 
General note to the tables 

This annex includes global historical and projected data for the Net‐Zero Emissions by 2050 

scenario  for  the  following  data  sets:  energy  supply,  energy  demand,  gross  electricity 

generation  and  electrical  capacity,  carbon  dioxide  (CO2)  emissions  from  fossil  fuel 

combustion and industrial processes, and selected economic and activity indicators. 

The definitions for fuels and sectors are in Annex C. Common abbreviations used in the tables 

include:  EJ  =  exajoules;  CAAGR =  compound average  annual  growth  rate;  CCUS =  carbon 

capture, utilisation and storage. Consumption of  fossil  fuels  in  facilities without CCUS are 

classified as “unabated”. 

Both  in  the  text of  this  report and  in  the  tables,  rounding may  lead  to minor differences 

between totals and the sum of their individual components. Growth rates are calculated on 

a compound average annual basis and are marked “n.a.” when the base year is zero or the 

value exceeds 200%. Nil values are marked “‐”. 

To download the tables in Excel format go to:  iea.li/nzedata.  

Data sources 

The formal base year for the scenario projections is 2019, as this is the last year for which a 

complete picture of energy demand and production  is  available. However, we have used 

more recent data when available, and we include our 2020 estimates for energy production 

and demand in this annex. Estimates for the year 2020 are based on updates of the IEA’s 

Global Energy Review reports which are derived  from a number of sources,  including  the 

latest monthly data submissions to the IEA’s Energy Data Centre, other statistical releases 

from national administrations, and recent market data from the  IEA Market Report Series 

that cover coal, oil, natural gas, renewables and power.  

Historical  data  for  gross  electrical  capacity  are  drawn  from  the  S&P  Global  Market 

Intelligence  World  Electric  Power  Plants  Database  (March  2020  version)  and  the 

International Atomic Energy Agency PRIS database. 

Definitional note: A.1. Energy supply and transformation table 

Total energy supply (TES) is equivalent to electricity and heat generation plus “other energy 

sector” excluding electricity and heat, plus total final consumption (TFC) excluding electricity 

and heat. TES does not include ambient heat from heat pumps or electricity trade. Solar in 

TES includes solar PV generation, concentrating solar power and final consumption of solar 

thermal. Other renewables in TES include geothermal, and marine (tide and wave) energy 

for  electricity  and  heat  generation.  Hydrogen  production  and  biofuels  production  in  the 

other energy sector account for the energy input required to produce merchant hydrogen 

(mainly natural gas and electricity) and for the conversion losses to produce biofuels (mainly 

primary  solid  biomass)  used  in  the  energy  sector.  While  not  itemised  separately,  non‐

renewable waste and other sources are included in TES. 
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Definitional note: A.2. Energy demand table 

Sectors comprising total final consumption (TFC) include industry (energy use and feedstock), 

transport, buildings (residential, services and non‐specified other) and other (agriculture and 

other non‐energy use). Energy demand from international marine and aviation bunkers are 

included in transport totals.  

Definitional note: A.3. Electricity tables 

Electricity  generation  expressed  in  terawatt‐hours  (TWh)  and  installed  electrical  capacity 

data expressed in gigawatts (GW) are both provided on a gross basis (i.e. includes own use 

by  the  generator).  Projected  gross  electrical  capacity  is  the  sum  of  existing  capacity  and 

additions, less retirements. While not itemised separately, other sources are included in total 

electricity generation.  

Definitional note: A.4. CO2 emissions table 

Total  CO2  includes  carbon  dioxide  emissions  from  the  combustion  of  fossil  fuels  and 

non‐renewable  wastes,  from  industrial  and  fuel  transformation  processes  (process 

emissions) as well as CO2 removals. Three types of CO2 removals are presented: 

 Captured  and  stored  emissions  from  the  combustion  of  bioenergy  and  renewable 

wastes (typically electricity generation).  

 Captured and stored process emissions from biofuels production. 

 Captured and stored carbon dioxide from the atmosphere, which is reported as direct 

air carbon capture and storage (DACCS).  

The  first  two  entries  are  often  reported  as  bioenergy  with  carbon  capture  and  storage 

(BECCS). Note that some of the CO2 captured from biofuels production and direct air capture 

is used to produce synthetic fuels, which is not included as CO2 removal. 

Total  CO2  captured  includes  the  carbon  dioxide  captured  from  CCUS  facilities  (such  as 

electricity generation or industry) and atmospheric CO2 captured through direct air capture 

but excludes that captured and used for urea production.  

Definitional note: A.5. Economic and activity indicators 

The  emission  intensity  expressed  in  kilogrammes  of  carbon  dioxide  per  kilowatt‐hour 

(kg CO2/kWh) is calculated based on electricity‐only plants and the electricity component of 

combined heat and power (CHP) plants. 1 

Other  abbreviations  used  include:  PPP  =  purchasing  power  parity;  GJ  =  gigajoules; 

Mt = million  tonnes;  pkm  =  passenger‐kilometres;  tkm  =  tonnes‐kilometres;  m2  =  square 

metres. 

                                                                                                                                   
1  To derive the associated electricity‐only emissions from CHP plants, we assume that the heat production of 

a CHP plant is 90% efficient and the remainder of the fuel input is allocated to electricity generation. 
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Table A.1: Energy supply and transformation

Energy supply (EJ) Shares (%) CAAGR (%)

2019 2020 2030 2040 2050 2020 2030 2050
2020‐

2030

2020‐

2050

Total energy supply 612    587    547    535    543    100   100   100   ‐0.7    ‐0.3   

Renewables 67   69   167   295   362   12   30   67   9.3   5.7  

Solar 4    5    32    78    109    1   6   20   21    11   

Wind 5    6    29    67    89   1   5   16   17    9.6   

Hydro 15    16    21   27    30    3   4   6   2.9    2.2   

Modern solid bioenergy 31   32   54   73   73   5   10   14   5.3   2.8   

Modern liquid bioenergy 4    3    12    14    15    1   2   3   14    4.9   

Modern gaseous bioenergy 2   2   5   10   14   0   1   3   10   6.4   

Other renewables 4    5    13    24    32    1   2   6   11    6.7   

Traditional use of biomass 25    25    ‐    ‐    ‐    4   ‐   ‐   n.a. n.a.

Nuclear 30    29    41    54    61    5   8   11   3.5 2.4

Unabated natural gas 139    136    116    44    17    23   21   3   ‐1.6 ‐6.6

Natural gas with CCUS 0    1    13    31    43    0   2   8   37 16

Oil 190    173    137    79    42    29   25   8   ‐2.3  ‐4.6

of which non‐energy use 28    27    32   31    29    5   6   5   1.4 0.2

Unabated coal 160    154    68    16    3    26   12   1   ‐7.9 ‐12

Coal with CCUS 0    0    4    16    14    0   1   3   60 22

Electricity and heat sectors 233   230   240   308   371   100   100   100   0.4    1.6   

Renewables 36    38    107    220    284    17   44   77   11    6.9   

Solar PV 2   3   25   61   84   1   10   23   24   12  

Wind 5    6    29    67    89   2   12   24   17    9.6   

Hydro 15    16    21   27    30    7   9   8   2.9    2.2   

Bioenergy 9    10    18    35    39    4   8   10   6.3    4.6   

Other renewables 4    4    14    30    42    2   6   11   14    8.5   

Hydrogen ‐    ‐    5    11    11   ‐   2   3   n.a. n.a.

Ammonia ‐    ‐    1    2    2    ‐   0   0   n.a. n.a.

Nuclear 30    29    41    54    61    13   17   16   3.5 2.4

Unabated natural gas 56    55    49    4    2    24   21   0   ‐1.1 ‐11

Natural gas with CCUS ‐    ‐    1    5    5    ‐   1   1   n.a. n.a.

Oil 9    8    2    0    0    4   1   0   ‐12  ‐14

Unabated coal 102    100    30    0    0    43   12   0   ‐11 ‐34

Coal with CCUS 0    0    3    10    7    0   1   2   55 19

Other energy sector 57   57   61   76   91   100   100   100   0.7    1.5   

Hydrogen production ‐    0    21    49    70    0   35   77   66    23   

Biofuels production 5    6    12    15    12    10   20   13   8    2.7  
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Table A.2: Energy demand

Energy demand (EJ) Shares (%) CAAGR (%)

2019 2020 2030 2040 2050 2020 2030 2050
2020‐

2030

2020‐

2050

Total final consumption 435    412    394    363    344    100   100   100   ‐0.4    ‐0.6   

Electricity 82   81   103   140   169   20   26   49   2.4   2.5  

Liquid fuels 175   158   143   96   66   38   36   19   ‐1.0   ‐2.9   

Biofuels 4    3    12    14    15    1   3   4   14    4.9   

Ammonia ‐    ‐    1    3    5    ‐   0   1   n.a. n.a.

Synthetic oil ‐    ‐    0    2    5    ‐   0   1   n.a. n.a.

Oil 171   154   129   77   42   37   33   12   ‐1.8  ‐4.2 

Gaseous fuels 70    68    68    60    53    16   17   15   0.1 ‐0.8

Biomethane 0    0    2    5    8    0   1   2   25 13

Hydrogen 0    0    6    12    20    0   2   6   54 20

Synthetic methane ‐    ‐    0    1    4    ‐   0   1   n.a. n.a.

Natural gas 70    67    58    40    20    16   15   6   ‐1.4 ‐4.0

Solid fuels 92    89    61    46    35    22   16   10   ‐3.6 ‐3.0

Biomass 39    39    24    25    25    9   6   7   ‐4.8 ‐1.4

Coal 53    50    38    21    10    12   10   3   ‐2.8 ‐5.3

Heat 13    13    12    9    6    3   3   2   ‐1.2 ‐2.7

Other  3    3    7    11   15    1   2   4   8.2 5.2

Industry 162    157    170    169    160    100   100   100   0.8    0.1   

Electricity 35    35    47    62    74    22   28   46   3.0    2.5   

Liquid fuels 31    31    31    27    23    20   18   15   ‐0.2    ‐0.9   

Oil 31    31    31    27    23    20   18   15   ‐0.2    ‐0.9   

Gaseous fuels 32    32    35    34    28    20   21   18   1.0    ‐0.4   

Biomethane 0    0    1    2    4    0   0   3   22    15   

Hydrogen ‐    0    3    4    5    0   2   3   44    15   

Unabated natural gas 32    32    30    22    9    20   18   6   ‐0.5    ‐4.0   

Natural gas with CCUS 0    0    1    5    7    0   1   4   38    18   

Solid fuels 58    52    51    40    30    34   30   18   ‐0.3    ‐1.9   

Biomass 10    9    15    19    20    6   9   13   5.2    2.8   

Unabated coal 48    44    35    15    3    28   20   2   ‐2.3    ‐9.0   

Coal with CCUS 0    0    1    5    7    0   1   4   91    31   

Heat 6    6    6    3    2    4   3   1   ‐1.2    ‐4.5  

Other 0    0   1    3   4    0   1   2   33   14   

Iron and steel 36    33    37    36    32    21   22   20   1.1    ‐0.2  

Chemicals 22    20    26    26    25    13   15   15   2.7    0.7   

Cement 12    16    11    11    10    10   7   7   ‐3.3    ‐1.3   

International Energy Agency | Special Report196

1976  



Table A.2: Energy demand

Energy demand (EJ) Shares (%) CAAGR (%)

2019 2020 2030 2040 2050 2020 2030 2050
2020‐

2030

2020‐

2050

Transport 122   105   102   85   80   100   100   100   ‐0.3   ‐0.9   

Electricity 1    1    7    22    35    1   7   44   17    11   

Liquid fuels 115   99   89   53   30   94   87   38   ‐1.0   ‐3.9  

Biofuels 4    3    11    12    11    3   11   14   14    4.3   

Oil 111    96    76    35    9    91   74   12   ‐2.2    ‐7.4   

Gaseous fuels 5    5    6    10    15    5   6   18   2.1    3.7   

Biomethane 0    0    1    1    2    0   0   2   23    11   

Hydrogen 0    0    1    6    13    0   1   16   92    34   

Natural gas 5    5    4    2    0    5   4   0   ‐1.5    ‐11   

Road 90   81    73    57    50    77   72   63   ‐0.9    ‐1.6   

Passenger cars 47    41    30    19    17    39   29   21   ‐3.1    ‐2.9   

Trucks 27    25    28    24    22    24   27   28   1.1    ‐0.4   

Aviation 14    8    13    13    14    8   13   18   4.6    1.7   

Shipping 12    11    11    10    10    10   11   12   0.4    ‐0.3   

Buildings 129   127   99   89   86   100   100   100   ‐2.4   ‐1.3   

Electricity 43    42    45    51    57    33   46   66   0.7    1.0   

Liquid fuels 13    13    9    4    2    10   10   2   ‐3.2    ‐6.0   

Biofuels 0    0    0    1    1    0   0   1   26    12   

Oil 13    13    9    4    1    10   9   1   ‐3.4    ‐7.7   

Gaseous fuels 30    28    23    13    6    22   23   7   ‐2.1    ‐4.9   

Biomethane 0    0    1    2    2    0   1   2   29    11   

Hydrogen ‐    0    2    2    2    0   2   2   103    27   

Natural gas 30    28    19    7    1    22   20   1   ‐3.8    ‐12   

Solid fuels 34    34    10    7    6    27   10   7   ‐11    ‐5.5   

Modern biomass 5    5    9    7    6    4   9   7   6.9    0.9   

Traditional use of biomass 25    25    ‐    ‐    ‐    20   ‐   ‐   n.a.  n.a.

Coal 4    4    1    0    0    3   1   0   ‐12 ‐21

Heat 7    7    6    5    4    5   6   5   ‐1.2 ‐1.6

Other 2    3    5    8   11    2   5   12   7.1  4.8

Residential 91    90    67    59    58    71   67   67   ‐3.0    ‐1.5   

Services 38   36   32   30   28   29   33   33   ‐1.2   ‐0.9  

Other 22   23   22   20   18   100   100   100   ‐0.5   ‐0.9  
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Table A.3: Electricity

Electricity Generation (TWh) Shares (%) CAAGR (%)

2019 2020 2030 2040 2050 2020 2030 2050
2020‐

2030

2020‐

2050

Total generation 26 922  26 778  37 316  56 553  71 164  100   100   100   3.4    3.3   

Renewables 7 153  7 660  22 817  47 521  62 333  29   61   88   12    7.2   

Solar PV  665   821  6 970  17 031  23 469  3   19   33   24   12  

Wind 1 423  1 592  8 008  18 787  24 785  6   21   35   18   9.6  

Hydro 4 294  4 418  5 870  7 445  8 461  17   16   12   2.9   2.2  

Bioenergy  665   718  1 407  2 676  3 279  3   4   5   7.0    5.2   

   of which BECCS ‐  ‐   129   673   842  ‐   0   1   n.a. n.a.

CSP  14   14   204   880  1 386  0   1   2   31  17 

Geothermal  92   94   330   625   821  0   1   1   13 7.5

Marine  1   2   27   77   132  0   0   0   28 14

Nuclear 2 792  2 698  3 777  4 855  5 497  10   10   8   3.4 2.4

Hydrogen‐based ‐  ‐   875  1 857  1 713  ‐   2   2   n.a. n.a.

Fossil fuels with CCUS  1   4   459  1 659  1 332  0   1   2   61 21

Coal with CCUS  1   4   289   966   663  0   1   1   54 19

Natural gas with CCUS ‐  ‐   170   694   669  ‐   0   1   n.a. n.a.

Unabated fossil fuels 16 941  16 382  9 358   632   259  61   25   0   ‐5.4 ‐13

Coal 9 832  9 426  2 947   0   0  35   8   0   ‐11 ‐40

Natural gas 6 314  6 200  6 222   626   253  23   17   0   0.0 ‐10

Oil  795   756   189   6   6  3   1   0   ‐13  ‐15 

Electrical Capacity (GW) Shares (%) CAAGR (%)

2019 2020 2030 2040 2050 2020 2030 2050
2020‐

2030

2020‐

2050

Total capacity 7 484  7 795  14 933  26 384  33 415  100   100   100   6.7    5.0   

Renewables 2 707  2 994  10 293  20 732  26 568  38   69   80   13    7.5   

Solar PV  603   737  4 956  10 980  14 458  9   33   43   21   10  

Wind  623   737  3 101  6 525  8 265  9   21   25   15   8.4  

Hydro 1 306  1 327  1 804  2 282  2 599  17   12   8   3.1   2.3  

Bioenergy  153   171   297   534   640  2   2   2   5.7    4.5   

   of which BECCS ‐  ‐   28   125   152  ‐   0   0   n.a. n.a.

CSP  6   6   73   281   426  0   0   1   28  15 

Geothermal  15   15   52   98   126  0   0   0   13 7.4

Marine  1   1   11   32   55  0   0   0   34 16

Nuclear  415   415   515   730   812  5   3   2   2.2 2.3

Hydrogen‐based ‐  ‐   139  1 455  1 867  ‐   1   6   n.a. n.a.

Fossil fuels with CCUS  0   1   81   312   394  0   1   1   66 25

Coal with CCUS  0   1   53   182   222  0   0   1   59 22

Natural gas with CCUS ‐  ‐   28   130   171  ‐   0   1   n.a. n.a.

Unabated fossil fuels 4 351  4 368  3 320  1 151   677  56   22   2   ‐2.7 ‐6.0

Coal 2 124  2 117  1 192   432   158  27   8   0   ‐5.6  ‐8.3 

Natural gas 1 788  1 829  1 950   679   495  23   13   1   0.6 ‐4.3

Oil  440   422   178   39   25  5   1   0   ‐8.3  ‐9.0 

Battery storage  11   18   585  2 005  3 097  0   4   9   42 19
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Table A.4: CO2 emissions

A

CAAGR (%)

2019   2020   2030   2040   2050  
2020‐

2030

2020‐

2050

Total CO2* 35 926   33 903   21 147   6 316    0   ‐4.6    n.a.

Combustion activities (+) 33 499    31 582    19 254    6 030     940    ‐4.8    ‐11   

Coal 14 660   14 110   5 915   1 299    195   ‐8.3   ‐13  

Oil 11 505    10 264    7 426    3 329     928    ‐3.2    ‐7.7   

Natural gas 7 259    7 138    5 960    1 929     566    ‐1.8    ‐8.1  

Bioenergy and waste  75    71    ‐ 48    ‐ 528    ‐ 748    n.a. n.a.

Industry removals (‐)  1     1     214     914    1 186    75 28

Biofuels production  1     1     142     385     553    68 24

Direct air capture ‐    ‐     71     528     633    n.a. n.a.

Electricity and heat sectors 13 821   13 504   5 816   ‐ 81   ‐ 369    ‐8.1    n.a.

Coal 10 035   9 786   2 950    102    69   ‐11   ‐15 

Oil  655     628    173     6     6    ‐12    ‐14

Natural gas 3 131    3 089    2 781     268     128    ‐1.0    ‐10

Bioenergy and waste ‐    ‐    ‐ 87    ‐ 457    ‐ 572    n.a. n.a.

Other energy sector* 1 457    1 472     679    ‐ 85    ‐ 368    ‐7.4    n.a.

Final consumption* 20 647    18 928    14 723    7 011    1 370    ‐2.5    ‐8.4   

Coal 4 486   4 171   2 935   1 186    117   ‐3.5   ‐11  

Oil 10 272    9 077    6 973    3 242     880    ‐2.6    ‐7.5   

Natural gas 3 451    3 332    2 668    1 453     303    ‐2.2    ‐7.7  

Bioenergy and waste  75     71     40    ‐ 70    ‐ 176    ‐5.6    n.a.

Industry* 8 903    8 478    6 892    3 485     519    ‐2.0    ‐8.9   

Iron and steel 2 507    2 349    1 778     859     220    ‐2.7    ‐7.6   

Chemicals 1 344    1 296    1 199     654     66    ‐0.8    ‐9.5   

Cement 2 461   2 334   1 899    906    133   ‐2.0   ‐9.1  

Transport 8 290    7 153    5 719    2 686     689    ‐2.2    ‐7.5   

Road 6 116    5 483   4 077    1 793     340    ‐2.9    ‐8.9   

Passenger cars 3 121    2 746    1 626     547     85    ‐5.1    ‐11  

Trucks 1 835    1 721    1 614     890     198    ‐0.6    ‐6.9   

Aviation 1 019     621     783     469     210    2.4    ‐3.5   

Shipping  883     800     705     348     122    ‐1.3    ‐6.1   

Buildings 3 007    2 860    1 809     685     122    ‐4.5    ‐10   

Residential 2 030    1 968    1 377     541     108    ‐3.5    ‐9.2   

Services  977     892     432     144     14    ‐7.0    ‐13   

Total CO2 removals  1     1     317    1 457    1 936    79    29   

Total CO2 captured  40    40   1 665   5 619   7 602   45   19  

*Includes industrial process emissions.

CO2 emissions (Mt CO2)
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Table A.5: Economic and Activity Indicators

Indicator CAAGR (%)

2019  2020  2030  2040  2050 
2020‐

2030

2020‐

2050

Population (million) 7 672  7 753  8 505  9 155  9 692  0.9    0.7   

GDP (USD 2019 billion, PPP) 134 710  128 276  184 037  246 960  316 411  3.7   3.1  

GDP per capita (USD 2019, PPP) 17 558  16 545  21 638  26 975  32 648  2.7    2.3   

TES/GDP (GJ per USD 1 000, PPP) 4.543  4.578 2.973  2.164  1.716  ‐4.2    ‐3.2   

TFC/GDP (GJ per USD 1 000, PPP) 3.231  3.208  2.139  1.468  1.086  ‐4.0   ‐3.5   

TES per capita (GJ) 79.77  75.74  64.33  58.38  56.03  ‐1.6   ‐1.0  

CO2 intensity of electricity generation

(kg CO2 per kWh)

0.468  0.438  0.138  ‐0.001  ‐0.005  ‐11   n.a.  

Activity CAAGR (%)

2019  2020  2030  2040  2050 
2020‐

2030

2020‐

2050

Industrial production

Primary chemicals (Mt)  538   529   641   686   688  1.9   0.9  

Steel (Mt) 1 869  1 781  1 937  1 958  1 987  0.8    0.4   

Cement (Mt) 4 215  4 054  4 258  4 129  4 032  0.5    ‐0.0   

15 300  14 261  15 775  19 159  24 517  1.0    1.8   

26 646  25 761  38 072  49 756  59 990  4.0    2.9   

8 506  5 474  10 271  11 573  14 566  6.5    3.3   

Transport

Passenger cars (billion vkm) 

Trucks (billion tkm) 

Aviation (billion pkm) 

Shipping (billion tkm) 107 225  109 153  155 621  209 905  291 032  3.6   3.3   

Buildings

Services floor area (million m2) 49 670  49 825  58 867  68 576  78 157  1.7   1.5  

Residential floor area (million m2) 190 062  192 558  235 745  290 696  345 183  2.0   2.0  

Million households 2 095  2 116  2 435  2 765  3 051  1.4    1.2   
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Annex B 

Technology costs 

Electricity generation 

Table B.1 ⊳ Electricity generation technology costs by selected region  
in the NZE 

  Financing 
rate  
(%) 

  Capital costs 
($/kW) 

Capacity factor 
(%) 

Fuel, CO2  
and O&M 
($/MWh) 

LCOE  
($/MWh) 

   All  2020  2030  2050  2020 2030 2050 2020 2030 2050 2020  2030  2050 

United States     

Nuclear  8.0  5 000  4 800 4 500 90  80  75  30  30  30  105  110  110 

Coal  8.0  2 100  2 100 2 100 20  n.a.  n.a.  90  170  235  220  n.a.  n.a. 

Gas CCGT  8.0  1 000  1 000 1 000 55  25  n.a.  50  80  105  70  125  n.a. 

Solar PV  3.7  1 140  620 420 21  22  23  10  10  10  50  30  20 

Wind onshore  3.7  1 540  1 420 1 320 42  43  44  10  10  10  35  35  30 

Wind offshore  4.5  4 040  2 080 1 480 42  46  48  35  20  15  115  60  40 

European Union   

Nuclear  8.0  6 600  5 100 4 500 75  75  70  35  35  35  150  120  115 

Coal  8.0  2 000  2 000 2 000 20  n.a.  n.a.  120  205  275  250  n.a.  n.a. 

Gas CCGT  8.0  1 000  1 000 1 000 40  20  n.a.  65  95  120  100  150  n.a. 

Solar PV  3.2  790  460 340 13  14  14  10  10  10  55  35  25 

Wind onshore  3.2  1 540  1 420 1 300 29  30  31  15  15  15  55  45  40 

Wind offshore  4.0  3 600  2 020 1 420 51  56  59  15  10  5  75  40  25 

China   

Nuclear  7.0  2 800  2 800 2 500 80  80  80  25  25  25  65  65  60 

Coal  7.0  800  800 800 60  n.a.  n.a.  75  135  195  90  n.a.  n.a. 

Gas CCGT  7.0  560  560 560 45  35  n.a.  75  100  120  90  115  n.a. 

Solar PV  3.5  750  400 280 17  18  19  10  5  5  40  25  15 

Wind onshore  3.5  1 220  1 120 1 040 26  27  27  15  10  10  45  40  40 

Wind offshore  4.3  2 840  1 560 1 000 34  41  43  25  15  10  95  45  30 

India   

Nuclear  7.0  2 800  2 800 2 800 70  70  70  30  30  30  75  75  75 

Coal  7.0  1 200  1 200 1 200 50  n.a.  n.a.  35  50  75  65  n.a.  n.a. 

Gas CCGT  7.0  700  700 700 55  50  n.a.  45  45  50  55  60  n.a. 

Solar PV  5.8  580  310 220 20  21  21  5  5  5  35  20  15 

Wind onshore  5.8  1 040  980 940 26  28  29  10  10  10  50  45  40 

Wind offshore  6.6  2 980  1 680 1 180 32  37  38  25  15  10  130  70  45 

Notes:  O&M  =  operation  and  maintenance;  LCOE  =  levelised  cost  of  electricity;  kW  =  kilowatt;  MWh  = 

megawatt‐hour; CCGT = combined‐cycle gas turbine; n.a. = not applicable. Cost components and LCOE figures 

are rounded.  

Sources: IEA analysis; IRENA Renewable Costing Alliance; IRENA (2020). 
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 Major  contributors  to  the  LCOE  include:  overnight  capital  costs;  capacity  factor  that 

describes  the  average  output  over  the  year  relative  to  the maximum  rated  capacity 

(typical  values  provided);  the  cost  of  fuel  inputs;  plus  operation  and  maintenance. 

Economic lifetime assumptions are 25 years for solar PV, onshore and offshore wind. 

 Weighted average costs of capital (WACC) reflect analysis for utility‐scale solar PV in the 

World Energy Outlook 2020 (IEA, 2020) and for offshore wind from the Offshore Wind 

Outlook 2019 (IEA, 2019). Onshore wind was assumed to have the same WACC as utility‐

scale solar PV. A standard WACC was assumed for nuclear power, coal‐ and gas‐fired 

power plants (7‐8% based on the stage of economic development).  

 Fuel, CO2 and O&M costs reflect the average over the ten years following the indicated 

date in the projections.  

 The capital costs for nuclear power represent the “nth‐of‐a‐kind” costs for new reactor 

designs, with substantial cost reductions from the first‐of‐a‐kind projects. 

Batteries and hydrogen 

Table B.2 ⊳ Capital costs for batteries and hydrogen production 
technologies in the NZE 

  2020  2030  2050 

Battery packs for transport applications (USD/kWh)  130 ‐ 155  75 ‐ 90  55 ‐ 80 

Low‐temperature electrolysers (USD/kWe)  835 ‐ 1 300  255 ‐ 515  200 ‐ 390 

Natural gas with CCUS (USD/kW H2)  1 155 ‐ 2 010  990 ‐ 1 725  935 ‐ 1 625 

Notes:  kWh =  kilowatt‐hour;  kWe =  kilowatt  electric;  CCUS  =  carbon  capture,  utilisation and  storage; H2  = 

hydrogen. Capital costs for electrolysers and hydrogen production from natural gas with CCUS are overnight 

costs. 

Source: IEA analysis. 
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Annex C 

Definitions 
This  annex  provides  general  information  on  terminology  used  throughout  this  report 

including: units and general conversion factors; definitions of fuels, processes and sectors; 

regional and country groupings; and abbreviations and acronyms. 

Units 

Area  km2  square kilometre 

  Mha  million hectares 
     

Batteries  Wh/kg  Watt hours per kilogramme 
     

Coal  Mtce  million tonnes of coal equivalent (equals 0.7 Mtoe) 
     

Distance  km  kilometre 
     

Emissions  ppm  parts per million (by volume) 

  tCO2  tonnes of carbon dioxide 

  Gt CO2‐eq  gigatonnes of carbon‐dioxide equivalent (using 100‐year global 
warming potentials for different greenhouse gases) 

  kg CO2‐eq  kilogrammes of carbon‐dioxide equivalent 

  g CO2/km  grammes of carbon dioxide per kilometre 

  kg CO2/kWh  kilogrammes of carbon dioxide per kilowatt‐hour 
     

Energy  EJ  exajoule 

  PJ  petajoule 

  TJ  terajoule 

  GJ  gigajoule 

  MJ  megajoule 

  boe  barrel of oil equivalent 

  toe  tonne of oil equivalent 

  ktoe  thousand tonnes of oil equivalent 

  Mtoe  million tonnes of oil equivalent  

  MBtu  million British thermal units 

  kWh  kilowatt‐hour 

  MWh  megawatt‐hour  

  GWh  gigawatt‐hour 

  TWh  terawatt‐hour 
     

Gas  bcm  billion cubic metres 

  tcm  trillion cubic metres 
     

Mass  kg  kilogramme (1 000 kg = 1 tonne) 

  kt  kilotonnes (1 tonne x 103) 

  Mt  million tonnes (1 tonne x 106) 

  Gt   gigatonnes (1 tonne x 109) 
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Monetary  USD million   1 US dollar x 106 

  USD billion   1 US dollar x 109 

  USD trillion   1 US dollar x 1012 

  USD/tCO2  US dollars per tonne of carbon dioxide 
     

Oil  kb/d  thousand barrels per day 

  mb/d  million barrels per day 

  mboe/d  million barrels of oil equivalent per day 
     

Power  W  watt (1 joule per second) 

  kW  kilowatt (1 watt x 103) 

  MW  megawatt (1 watt x 106) 

  GW  gigawatt (1 watt x 109) 

  TW  terawatt (1 watt x 1012) 

General conversion factors for energy 

    Multiplier to convert to: 

    EJ  Gcal  Mtoe  MBtu  GWh 

C
o
n
ve
rt
 f
ro
m
:  EJ  1  238.8 x 106  23.88  9.47.8 x 103  2.778 x 105 

Gcal  4.1868 x 10‐9  1  10‐7  3.968  1.163 x 10‐3 

Mtoe  4.1868 x 10‐2  107  1  3.968 x 107  11 630 

MBtu  1.0551 x 10‐9  0.252  2.52 x 10‐8  1  2.931 x 10‐4 

GWh  3.6 x 10‐6  860  8.6 x 10‐5  3 412  1 

Note: There is no generally accepted definition of boe; typically the conversion factors used vary from 7.15 to 

7.40 boe per toe. 

Currency conversions 

Exchange rates 
(2019 annual average) 

1 US dollar (USD) 
 equals: 

British Pound  0.78 

Chinese Yuan Renminbi  6.91 

Euro  0.89 

Indian Rupee  70.42 

Indonesian Rupiah  14 147.67 

Japanese Yen  109.01 

Russian Ruble  64.74 

South African Rand  14.45 

Source: OECD National Accounts Statistics: purchasing power parities and exchange rates dataset, July 2020. 
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Definitions 

Advanced bioenergy: Sustainable fuels produced from non‐food crop feedstocks, which are 

capable of delivering significant lifecycle greenhouse gas emissions savings compared with 

fossil  fuel  alternatives,  and which  do  not  directly  compete with  food  and  feed  crops  for 

agricultural land or cause adverse sustainability impacts. This definition differs from the one 

used for “advanced biofuels” in US legislation, which is based on a minimum 50% lifecycle 

greenhouse gas reduction and which, therefore, includes sugar cane ethanol. 

Agriculture: Includes all energy used on farms, in forestry and for fishing. 

Agriculture,  forestry  and  other  land  use  (AFOLU)  emissions:  Includes  greenhouse  gas 

emissions from agriculture, forestry and other land use.  

Ammonia (NH3): Is a compound of nitrogen and hydrogen. It can be used directly as a fuel in 

direct combustion process, and in fuel cells or as a hydrogen carrier. To be a low‐carbon fuel, 

ammonia  must  be  produced  from  low‐carbon  hydrogen,  the  nitrogen  separated  via  the 

Haber process, and electricity needs are met by low‐carbon electricity. 

Aviation: This transport mode includes both domestic and international flights and their use 

of aviation fuels. Domestic aviation covers flights that depart and land in the same country; 

flights for military purposes are also included. International aviation includes flights that land 

in a country other than the departure location.  

Back‐up generation capacity: Households and businesses connected to a main power grid 

may also have back‐up electricity generation capacity that,  in the event of disruption, can 

provide  electricity.  Back‐up  generators  are  typically  fuelled  with  diesel  or  gasoline  and 

capacity can be as little as a few kilowatts. Such capacity is distinct from mini‐grid and off‐

grid systems that are not connected to a main power grid. 

Biodiesel: Diesel‐equivalent, processed fuel made from the transesterification (a chemical 

process that converts triglycerides in oils) of vegetable oils and animal fats. 

Bioenergy:  Energy  content  in  solid,  liquid  and  gaseous  products  derived  from  biomass 

feedstocks and biogas. It includes solid biomass, liquid biofuels and biogases.  

Biogas: A mixture of methane, carbon dioxide and small quantities of other gases produced 

by anaerobic digestion of organic matter in an oxygen‐free environment. 

Biogases: Include biogas and biomethane. 

Biomethane: Biomethane is a near‐pure source of methane produced either by upgrading 

biogas (a process that removes any CO2 and other contaminants present in the biogas) or 

through  the  gasification  of  solid  biomass  followed  by  methanation.  It  is  also  known  as 

renewable natural gas. 

Buildings:  The  buildings  sector  includes  energy  used  in  residential,  commercial  and 

institutional buildings and non‐specified other. Building energy use includes space heating 

and cooling, water heating, lighting, appliances and cooking equipment.  
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Bunkers: Includes both international marine bunkers and international aviation bunkers. 

Capacity  credit:  Proportion  of  the  capacity  that  can  be  reliably  expected  to  generate 

electricity during times of peak demand in the grid to which it is connected. 

Carbon capture, utilisation and storage (CCUS): The process of capturing CO2 emissions from 

fuel  combustion,  industrial  processes  or  directly  from  the  atmosphere.  Captured  CO2 

emissions can be stored in underground geological formations, onshore or offshore or used 

as an input or feedstock to create products. 

Clean  energy:  Includes  renewables,  energy  efficiency,  low‐carbon  fuels,  nuclear  power, 

battery storage and carbon capture, utilisation and storage. 

Clean cooking facilities: Cooking facilities that are considered safer, more efficient and more 

environmentally  sustainable  than  the  traditional  facilities  that make use of  solid biomass 

(such  as  a  three‐stone  fire).  This  refers  primarily  to  improved  solid  biomass  cookstoves, 

biogas systems, liquefied petroleum gas stoves, ethanol and solar stoves. 

Coal: Includes both primary coal (including lignite, coking and steam coal) and derived fuels 

(including patent fuel, brown‐coal briquettes, coke‐oven coke, gas coke, gas‐works gas, coke‐

oven gas, blast furnace gas and oxygen steel furnace gas). Peat is also included. 

Concentrating  solar  power  (CSP):  Solar  thermal  power/electric  generation  systems  that 

collect and concentrate sunlight to produce high temperature heat to generate electricity. 

Conventional  liquid  biofuels:  Fuels  produced  from  food  crop  feedstocks.  These  liquid 

biofuels are commonly referred to as first generation and include sugar cane ethanol, starch‐

based ethanol, fatty acid methyl esther (FAME) and straight vegetable oil (SVO). 

Decomposition  analysis:  Statistical  approach  that  decomposes  an  aggregate  indicator  to 

quantify the relative contribution of a set of pre‐defined factors leading to a change in the 

aggregate  indicator.  This  report  uses  an  additive  index  decomposition  of  the  type 

Logarithmic Mean Divisia Index (LMDI). 

Demand‐side  integration  (DSI): Consists of  two  types of measures: actions  that  influence 

load shape such as energy efficiency and electrification; and actions that manage load such 

as demand‐side response. 

Demand‐side response (DSR): Describes actions which can influence the load profile such as 

shifting  the  load  curve  in  time  without  affecting  the  total  electricity  demand,  or  load 

shedding  such  as  interrupting  demand  for  short  duration  or  adjusting  the  intensity  of 

demand for a certain amount of time. 

Dispatchable  generation:  Refers  to  technologies  whose  power  output  can  be  readily 

controlled ‐ increased to maximum rated capacity or decreased to zero ‐ in order to match 

supply with demand. 

Electricity demand: Defined as  total gross electricity generation  less own use generation, 

plus net trade (imports less exports), less transmissions and distribution losses. 
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Electricity generation: Defined as the total amount of electricity generated by power only or 

combined  heat  and  power  plants  including  generation  required  for  own  use.  This  is  also  

referred to as gross generation. 

Energy  sector  CO2  emissions:  Carbon  dioxide  emissions  from  fuel  combustion  (excluding  

non‐renewable waste). Note  that  this does not  include  fugitive emissions  from  fuels, CO2 

from transport, storage emissions or industrial process emissions. 

Energy sector GHG emissions: CO2 emissions from fuel combustion plus fugitive and vented 

methane, and nitrous oxide (N2O) emissions from the energy and industry sectors. 

Energy services: See useful energy. 

Ethanol: Refers to bio‐ethanol only. Ethanol is produced from fermenting any biomass high 

in carbohydrates. Today, ethanol is made from starches and sugars, but second‐generation 

technologies will allow it to be made from cellulose and hemicellulose, the fibrous material 

that makes up the bulk of most plant matter. 

Fischer‐Tropsch synthesis: Catalytic production process for the production of synthetic fuels. 

Natural gas, coal and biomass feedstocks can be used. 

Gases: Includes natural gas, biogases, synthetic methane and hydrogen. 

Geothermal: Geothermal energy is heat derived from the sub‐surface of the earth. Water 

and/or steam carry the geothermal energy to the surface. Depending on its characteristics, 

geothermal  energy  can  be  used  for  heating  and  cooling  purposes  or  be  harnessed  to  

generate clean electricity if the temperature is adequate.  

Heat (end‐use): Can be obtained from the combustion of  fossil or renewable fuels, direct 

geothermal or solar heat systems, exothermic chemical processes and electricity (through 

resistance heating or heat pumps which can extract  it  from ambient air and  liquids). This 

category  refers  to  the  wide  range  of  end‐uses,  including  space  and  water  heating,  and  

cooking  in buildings, desalination and process applications  in  industry.  It does not  include 

cooling applications. 

Heat  (supply):  Obtained  from  the  combustion  of  fuels,  nuclear  reactors,  geothermal  

resources and the capture of sunlight. It may be used for heating or cooling, or converted 

into  mechanical  energy  for  transport  or  electricity  generation.  Commercial  heat  sold  is 

reported under total final consumption with the fuel inputs allocated under electricity and 

heat sectors. 

Hydrogen: Hydrogen  is  used  in  the energy  system  to  refine hydrocarbon  fuels  and  as  an  

energy carrier in its own right. It is also produced from other  energy  products  for  use  in 

chemicals production. As an energy carrier  it can be produced from hydrocarbon fuels or 

from the electrolysis of water with electricity, and can be burned or used  in  fuel cells  for 

electricity and heat in a wide variety of applications. To be low‐carbon hydrogen, either the 

emissions associated with fossil‐based hydrogen production must be prevented (for example 

by  carbon  capture,  utilisation  and  storage)  or  the  electricity  input  to  hydrogen  produced  

from water must be low‐carbon electricity. In this report, final  consumption  of  hydrogen 
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includes demand for pure hydrogen and excludes hydrogen produced and consumed onsite 

by  the  same  entity.  Demand  for  hydrogen‐based  fuels  such  as  ammonia  or  synthetic 

hydrocarbons are considered separately. 

Hydrogen‐based  fuels:  Include  ammonia  and  synthetic  hydrocarbons  (gases  and  liquids). 

Hydrogen‐based is used in figures to refer to hydrogen and hydrogen‐based fuels. 

Hydropower: The energy content of the electricity produced in hydropower plants, assuming 

100% efficiency. It excludes output from pumped storage and marine (tide and wave) plants. 

Industry: The sector includes fuel used within the manufacturing and construction industries. 

Key  industry branches  include  iron and steel,  chemicals and petrochemicals, cement, and 

pulp and paper. Consumption of fuels for the transport of goods is reported as part of the 

transport sector, while consumption by off‐road vehicles is reported under industry. 

International  aviation  bunkers:  Includes  the  deliveries  of  aviation  fuels  to  aircraft  for 

international  aviation.  Fuels  used  by  airlines  for  their  road  vehicles  are  excluded.  The 

domestic/international split  is determined on the basis of departure and landing locations 

and not by the nationality of the airline. For many countries this incorrectly excludes fuels 

used by domestically owned carriers for their international departures. 

International marine bunkers: Covers fuels delivered to ships of all flags that are engaged in 

international navigation. The international navigation may take place at sea, on inland lakes 

and waterways, and in coastal waters. Consumption by ships engaged in domestic navigation 

is excluded. The domestic/international split is determined on the basis of port of departure 

and port of arrival, and not by  the  flag or nationality of  the ship. Consumption by  fishing 

vessels and by military forces is excluded and included in residential, services and agriculture. 

Investment: All  investment data and projections  reflect spending across  the  lifecycle of a 

project, i.e. the capital spent is assigned to the year when it is incurred. Investments for oil, 

gas  and  coal  include production,  transformation and  transportation;  those  for  the power 

sector  include  refurbishments,  uprates,  new  builds  and  replacements  for  all  fuels  and 

technologies  for  on‐grid,  mini‐grid  and  off‐grid  generation,  as  well  as  investment  in 

transmission and distribution, and battery storage.  Investment data are presented  in  real 

terms in year‐2019 US dollars unless otherwise stated.  

Light‐duty vehicles (LDV): include passenger cars and light commercial vehicles (gross vehicle 

weight <3.5 tonnes). 

Liquid biofuels: Liquid fuels derived from biomass or waste feedstocks and include ethanol 

and biodiesel. They can be classified as conventional and advanced liquid biofuels according 

to  the bioenergy  feedstocks and technologies used to produce them and their  respective 

maturity.  Unless  otherwise  stated,  liquid  biofuels  are  expressed  in  energy‐equivalent 

volumes of gasoline and diesel. 
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Liquids: Includes oil, liquid biofuels (expressed in energy‐equivalent volumes of gasoline and 

diesel), synthetic oil and ammonia. 

Low‐carbon  electricity:  Includes  renewable  energy  technologies,  hydrogen‐based 

generation,  nuclear  power  and  fossil  fuel  power  plants  equipped  with  carbon  capture, 

utilisation and storage. 

Low‐emissions  fuels:  Include  liquid  biofuels,  biogas  and  biomethane,  hydrogen,  and 

hydrogen‐based fuels that do not emit any CO2 from fossil fuels directly when used and also 

emit very little when being produced. 

Marine: Represents the mechanical energy derived from tidal movement, wave motion or 

ocean current and exploited for electricity generation.  

Merchant hydrogen: Hydrogen produced by one company to sell  to others; equivalent to 

hydrogen reported in total final consumption. 

Mini‐grids: Small grid systems linking a number of households or other consumers. 

Modern bioenergy: Includes modern solid biomass, liquid biofuels and biogases harvested 

from sustainable sources. It excludes the traditional use of biomass. 

Modern  energy  access:  Includes  household  access  to  a  minimum  level  of  electricity; 

household access to safer and more sustainable cooking and heating fuels, and stoves; access 

that enables productive economic activity; and access for public services. 

Modern renewables: Includes all uses of renewable energy with the exception of traditional 

use of solid biomass. 

Modern  solid  biomass:  Refers  to  the  use  of  solid  biomass  in  improved  cookstoves  and 

modern technologies using processed biomass such as pellets.  

Natural gas: Comprises gases occurring in deposits, whether liquefied or gaseous, consisting 

mainly of methane. It includes both “non‐associated” gas originating from fields producing 

hydrocarbons only in gaseous form, and “associated” gas produced in association with crude 

oil as well as methane recovered from coal mines (colliery gas). Natural gas liquids (NGLs), 

manufactured gas (produced from municipal or industrial waste, or sewage) and quantities 

vented or flared are not included. Gas data in cubic metres are expressed on a gross calorific 

value basis and are measured at 15 °C and at 760 mm Hg (“Standard Conditions”). Gas data 

expressed in tonnes of oil equivalent, mainly for comparison reasons with other fuels, are on 

a net calorific basis. The difference between the net and the gross calorific value is the latent 

heat of vaporisation of the water vapour produced during combustion of the fuel (for gas the 

net calorific value is 10% lower than the gross calorific value). 

Natural gas liquids (NGLs): Liquid or liquefied hydrocarbons produced in the manufacture, 

purification and stabilisation of natural gas. These are those portions of natural gas which 

are recovered as liquids in separators, field facilities or gas processing plants. NGLs include 

but are not limited to ethane (when it  is removed from the natural gas stream), propane, 

butane, pentane, natural gasoline and condensates.  
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Network gases: Includes natural gas, biomethane, synthetic methane and hydrogen blended 

in a gas network. 

Non‐energy use: Fuels used for chemical feedstocks and non‐energy products. Examples of 

non‐energy products include lubricants, paraffin waxes, asphalt, bitumen, coal tars and oils 

as timber preservatives.  

Nuclear: Refers  to the primary energy equivalent of  the electricity produced by a nuclear 

plant, assuming an average conversion efficiency of 33%.  

Off‐grid systems: Stand‐alone systems for individual households or groups of consumers. 

Offshore wind: Refers  to electricity produced by wind  turbines  that are  installed  in open 

water, usually in the ocean. 

Oil: Oil production includes both conventional and unconventional oil. Petroleum products 

include  refinery  gas,  ethane,  liquid  petroleum  gas,  aviation  gasoline, motor  gasoline,  jet 

fuels,  kerosene,  gas/diesel  oil,  heavy  fuel  oil,  naphtha,  white  spirit,  lubricants,  bitumen, 

paraffin, waxes and petroleum coke.  

Other energy sector: Covers the use of energy by transformation industries and the energy 

losses  in  converting  primary  energy  into  a  form  that  can  be  used  in  the  final  consuming 

sectors.  It  includes losses by gas works, petroleum refineries, coal and gas transformation 

and liquefaction, biofuels production and the production of hydrogen and hydrogen‐based 

fuels.  It also  includes energy own use  in coal mines,  in oil and gas extraction,  in direct air 

capture,  in  biofuels  production  and  in  electricity  and  heat  production.  Transfers  and 

statistical differences are also included in this category. 

Power generation: Refers to fuel use in electricity plants, heat plants and combined heat and 

power (CHP) plants. Both main activity producer plants and small plants that produce fuel 

for their own use (auto‐producers) are included. 

Productive uses: Energy used towards an economic purpose: agriculture, industry, services 

and non‐energy use. Some energy demand from the transport sector, e.g. freight, could also 

be considered as productive, but is treated separately. 

Renewables:  Includes  bioenergy,  geothermal,  hydropower,  solar  photovoltaics  (PV), 

concentrating solar power (CSP), wind and marine (tide and wave) energy for electricity and 

heat generation.  

Residential: Energy used by households including space heating and cooling, water heating, 

lighting, appliances, electronic devices and cooking equipment. 

Services:  Energy  used  in  commercial  facilities,  e.g.  hotels,  offices,  catering,  shops,  and 

institutional buildings, e.g. schools, hospitals, offices. Energy use in services includes space 

heating and cooling, water heating, lighting, equipment, appliances and cooking equipment. 

Shale gas: Natural gas contained within a commonly occurring rock classified as shale. Shale 

formations are characterised by low permeability, with more  limited ability of gas to flow 

through  the  rock  than  is  the  case  with  a  conventional  reservoir.  Shale  gas  is  generally 

produced using hydraulic fracturing. 
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Shipping/navigation:  This  transport  sub‐sector  includes  both  domestic  and  international 

navigation and their use of marine fuels. Domestic navigation covers the transport of goods 

or persons on inland waterways and for national sea voyages (starts and ends in the same 

country without any intermediate foreign port). International navigation includes quantities 

of  fuels  delivered  to  merchant  ships  (including  passenger  ships)  of  any  nationality  for 

consumption during international voyages transporting goods or passengers.  

Solar photovoltaic (PV): Electricity produced from solar photovoltaic cells.  

Solid  biomass:  Includes  charcoal,  fuelwood,  dung,  agricultural  residues, wood waste  and 

other solid wastes. 

Steam coal: Type of coal that is mainly used for heat production or steam‐raising in power 

plants and, to a lesser extent, in industry. Typically, steam coal is not of sufficient quality for 

steel making. Coal of this quality is also commonly known as thermal coal. 

Synthetic methane: Low‐carbon synthetic methane is produced through the methanation of 

low‐carbon hydrogen and carbon dioxide from a biogenic or atmospheric source. 

Synthetic  oil:  Low‐carbon  synthetic  oil  produced  through  Fischer  Tropsch  conversion  or 

methanol synthesis from syngas, a mixture of hydrogen (H2) and carbon monoxide (CO). 

Total  energy  supply  (TES):  Represents  domestic  demand  only  and  is  broken  down  into 

electricity and heat generation, other energy sector and total final consumption. 

Total final consumption (TFC):  Is the sum of consumption by the various end‐use sectors. 

TFC  is  broken  down  into  energy  demand  in  the  following  sectors:  industry  (including 

manufacturing  and  mining),  transport,  buildings  (including  residential  and  services)  and 

other  (including  agriculture  and  non‐energy  use).  It  excludes  international  marine  and 

aviation bunkers, except at world level where it is included in the transport sector. 

Total final energy consumption (TFEC): Is a variable defined primarily for tracking progress 

towards  target  7.2  of  the  UN  Sustainable  Development  Goals.  It  incorporates  total  final 

consumption (TFC) by end‐use sectors but excludes non‐energy use. It excludes international 

marine and aviation bunkers, except at world level. Typically this is used in the context of 

calculating the renewable energy share in total final energy consumption (Indicator 7.2.1 of 

the Sustainable Development Goals), where TFEC is the denominator. 

Total primary energy demand (TPED): See total energy supply 

Traditional use of solid biomass: Refers to the use of solid biomass with basic technologies, 

such as a three‐stone fire, often with no or poorly operating chimneys. 

Transport: Fuels and electricity used in the transport of goods or people within the national 

territory irrespective of the economic sector within which the activity occurs. This includes 

fuel and electricity delivered to vehicles using public  roads or  for use  in rail vehicles;  fuel 

delivered to vessels for domestic navigation; fuel delivered to aircraft for domestic aviation; 

and  energy  consumed  in  the  delivery  of  fuels  through  pipelines.  Fuel  delivered  to 

international  marine  and  aviation  bunkers  is  presented  only  at  the  world  level  and  is 

excluded from the transport sector at a domestic level. 
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Trucks:  Includes  medium  trucks  (gross  vehicle  weight  3.5‐15  tonnes)  and  heavy  trucks 

(>15 tonnes). 

Useful energy: Refers to the energy that is available to end‐users to satisfy their needs. This 

is also referred to as energy services demand. As result of transformation losses at the point 

of use, the amount of useful energy is lower than the corresponding final energy demand for 

most technologies. Equipment using electricity often has higher conversion efficiency than 

equipment using other  fuels, meaning  that  for  a unit  of  energy  consumed electricity  can 

provide more energy services. 

Wind: electricity produced by wind turbines from the kinetic energy of wind.  

Woody energy crops: Short‐rotation plantings of woody biomass for bioenergy production, 

such as coppiced willow and miscanthus. 

Variable  renewable energy  (VRE): Refers  to  technologies whose maximum output at any 

time depends on the availability of fluctuating renewable energy resources. VRE includes a 

broad array of technologies such as wind power, solar PV, run‐of‐river hydro, concentrating 

solar power (where no thermal storage is included) and marine (tidal and wave).  

Zero‐carbon‐ready  buildings: A  zero‐carbon‐ready  building  is  highly  energy  efficient  and 

either uses renewable energy directly, or an energy supply that can be fully decarbonised, 

such as electricity or district heat. 

Zero‐emissions vehicles (ZEVs): Vehicles which are capable of operating without tailpipe CO2 

emissions (battery electric vehicles and fuel cell vehicles). 

Regional and country groupings 

Advanced economies: OECD regional grouping and Bulgaria, Croatia, Cyprus1,2, Malta and 

Romania. 

Africa: North Africa and sub‐Saharan Africa regional groupings. 

Asia Pacific: Southeast Asia regional grouping and Australia, Bangladesh, China, India, Japan, 

Korea,  Democratic  People’s  Republic  of  Korea,  Mongolia,  Nepal,  New Zealand,  Pakistan, 

Sri Lanka, Chinese Taipei, and other Asia Pacific countries and territories.3 

Caspian: Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and 

Uzbekistan. 

Central and South America: Argentina, Plurinational State of Bolivia (Bolivia), Brazil, Chile, 

Colombia, Costa Rica, Cuba, Curaçao, Dominican Republic, Ecuador, El Salvador, Guatemala, 

Haiti,  Honduras,  Jamaica,  Nicaragua,  Panama,  Paraguay,  Peru,  Suriname,  Trinidad  and 

Tobago, Uruguay, Bolivarian Republic of Venezuela (Venezuela), and other Central and South 

American countries and territories.4 

China: Includes the (People's Republic of) China and Hong Kong, China. 
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Figure C.1 ⊳ Main country groupings 

 

 
Note: This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries 
and to the name of any territory, city or area. 

Developing  Asia:  Asia  Pacific  regional  grouping  excluding  Australia,  Japan,  Korea  and 

New Zealand. 

Emerging  market  and  developing  economies:  All  other  countries  not  included  in  the 

advanced economies regional grouping. 

Eurasia: Caspian regional grouping and the Russian Federation (Russia). 

Europe: European Union regional grouping and Albania, Belarus, Bosnia and Herzegovina, 

North  Macedonia,  Gibraltar,  Iceland,  Israel5,  Kosovo,  Montenegro,  Norway,  Serbia, 

Switzerland, Republic of Moldova, Turkey, Ukraine and United Kingdom. 

European Union:  Austria,  Belgium, Bulgaria,  Croatia,  Cyprus1,2,  Czech Republic,  Denmark, 

Estonia,  Finland,  France,  Germany,  Greece,  Hungary,  Ireland,  Italy,  Latvia,  Lithuania, 

Luxembourg,  Malta,  Netherlands,  Poland,  Portugal,  Romania,  Slovak  Republic,  Slovenia, 

Spain and Sweden. 

IEA  (International  Energy  Agency):  OECD  regional  grouping  excluding  Chile,  Colombia, 

Iceland, Israel, Latvia, Lithuania and Slovenia. 

Latin America: Central and South America regional grouping and Mexico.  

Middle East: Bahrain, Islamic Republic of Iran (Iran), Iraq, Jordan, Kuwait, Lebanon, Oman, 

Qatar, Saudi Arabia, Syrian Arab Republic (Syria), United Arab Emirates and Yemen. 

Non‐OECD: All other countries not included in the OECD regional grouping. 

Non‐OPEC: All other countries not included in the OPEC regional grouping. 
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North Africa: Algeria, Egypt, Libya, Morocco and Tunisia.  

North America: Canada, Mexico and United States. 

OECD  (Organisation  for  Economic  Co‐operation  and  Development):  Australia,  Austria, 

Belgium,  Canada,  Chile,  Colombia,  Czech  Republic,  Denmark,  Estonia,  Finland,  France, 

Germany,  Greece,  Hungary,  Iceland,  Ireland,  Israel,  Italy,  Japan,  Korea,  Latvia,  Lithuania, 

Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic, 

Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom and United States.  

OPEC (Organisation of the Petroleum Exporting Countries): Algeria, Angola, Republic of the 

Congo (Congo), Equatorial Guinea, Gabon, the Islamic Republic of Iran (Iran), Iraq, Kuwait, 

Libya,  Nigeria,  Saudi  Arabia,  United  Arab  Emirates  and  Bolivarian  Republic  of  Venezuela 

(Venezuela). 

Southeast Asia: Brunei Darussalam, Cambodia, Indonesia, Lao People’s Democratic Republic 

(Lao  PDR),  Malaysia,  Myanmar,  Philippines,  Singapore,  Thailand  and  Viet Nam.  These 

countries are all members of the Association of Southeast Asian Nations (ASEAN). 

Sub‐Saharan Africa: Angola, Benin, Botswana, Cameroon, Republic of  the Congo  (Congo), 

Côte d’Ivoire, Democratic Republic of  the Congo,  Eritrea, Ethiopia, Gabon, Ghana, Kenya, 

Mauritius, Mozambique, Namibia, Niger, Nigeria, Senegal, South Africa, South Sudan, Sudan, 

United Republic of Tanzania (Tanzania), Togo, Zambia, Zimbabwe and other African countries 

and territories.6 

Country notes 
1 Note by Turkey: The information in this document with reference to “Cyprus” relates to the southern part of 
the  island. There  is no single authority  representing both Turkish and Greek Cypriot people on  the  island. 

Turkey recognises the Turkish Republic of Northern Cyprus (TRNC). Until a  lasting and equitable solution is 

found within  the context of  the United Nations, Turkey  shall preserve  its position concerning  the “Cyprus 

issue”. 
2 Note by all the European Union Member States of the OECD and the European Union: The Republic of Cyprus 

is  recognised by all members of  the United Nations with  the exception of Turkey. The  information  in  this 

document relates to the area under the effective control of the Government of the Republic of Cyprus. 
3 Individual data are not available and are estimated in aggregate for: Afghanistan, Bhutan, Cook Islands, Fiji, 

French  Polynesia,  Kiribati,  Macau  (China),  Maldives,  New  Caledonia,  Palau,  Papua  New  Guinea,  Samoa, 

Solomon Islands, Timor‐Leste and Tonga and Vanuatu.  
4 Individual data are not available and are estimated in aggregate for: Anguilla, Antigua and Barbuda, Aruba, 

Bahamas,  Barbados,  Belize,  Bermuda,  Bonaire,  British  Virgin  Islands,  Cayman  Islands,  Dominica,  Falkland 
Islands  (Malvinas),  French  Guiana,  Grenada,  Guadeloupe,  Guyana,  Martinique,  Montserrat,  Saba,  Saint 

Eustatius, Saint Kitts and Nevis, Saint Lucia, Saint Pierre and Miquelon, Saint Vincent and Grenadines, Saint 

Maarten, Turks and Caicos Islands. 
5 The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. 

The use of such data by the OECD and/or the IEA is without prejudice to the status of the Golan Heights, East 

Jerusalem and Israeli settlements in the West Bank under the terms of international law. 
6 Individual data are not available and are estimated  in aggregate  for: Burkina Faso, Burundi, Cabo Verde, 

Central  African  Republic,  Chad,  Comoros,  Djibouti,  Kingdom  of  Eswatini,  Gambia,  Guinea,  Guinea‐Bissau, 

Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Réunion, Rwanda, Sao Tome and Principe, Seychelles, 

Sierra Leone, Somalia and Uganda. 
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Abbreviations and Acronyms 

AFOLU  agriculture forestry and other land use 

APC  Announced Pledges Case 

ASEAN  Association of Southeast Asian Nations 

BECCS  bioenergy equipped with CCUS 

BEV  battery electric vehicles 

CCUS  carbon capture, utilisation and storage 

CDR  carbon dioxide removal 

CFL  compact fluorescent lamp 

CH4  methane 

CHP  combined heat and power; the term co‐generation is sometimes used 

CNG  compressed natural gas 

CO  carbon monoxide 

CO2  carbon dioxide 

CO2‐eq  carbon‐dioxide equivalent 

COP  Conference of Parties (UNFCCC) 

CSP  concentrating solar power 

DAC  direct air capture 

DACCS  direct air capture with carbon capture and storage 

DER  distributed energy resources 

DSI  demand‐side integration 

DSO  distribution system operator 

DSR  demand‐side response 

EAF  electric arc furnaces 

EHOB  extra‐heavy oil and bitumen 

ETP  Energy Technology Perspectives 

EU  European Union 

EV  electric vehicle 

FCEV    fuel cell electric vehicle 

GDP  gross domestic product 

GHG  greenhouse gases 

GTL  gas‐to‐liquids 

HEFA  hydrogenated esters and fatty acids 

ICE  internal combustion engine 

IEA  International Energy Agency 

IIASA  International Institute for Applied Systems Analysis 

IMF  International Monetary Fund 

IOC  international oil company 

IPCC  Intergovernmental Panel on Climate Change 

LCC 

LDVs 

Low CCUS Case 

light‐duty vehicles 

LCV  light‐commercial vehicle 

LED  light‐emitting diode 
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LNG 

LPG 

MEPS 

NDCs 

NEA 

NGLs 

NGV 

NOC 

NOX 

N2O 

NZE 

OECD 

OPEC 

PHEV 

PLDV 

PM 

PM2.5 

PPP 

PV 

R&D 

RD&D 

SAF 

SDG  

SO2 

SR1.5 

STEPS 

T&D 

TES 

TFC 

TFEC 

TPED 

UEC 

UN 

UNDP 

UNEP 

UNFCCC 

UK 

US 

VRE 

WEO 

WHO 

ZEV 

liquefied natural gas 

liquefied petroleum gas 

minimum energy performance standards 

Nationally Determined Contributions 

Nuclear Energy Agency (an agency within the OECD) 

natural gas liquids 

natural gas vehicle 

national oil company 

nitrogen oxides 

nitrous oxide 

Net‐Zero Emissions Scenario 

Organisation for Economic Co‐operation and Development 

Organization of the Petroleum Exporting Countries 

plug‐in hybrid electric vehicles 

passenger light‐duty vehicle 

particulate matter 

fine particulate matter 

purchasing power parity 

photovoltaics 

research and development 

research, development and demonstration 

sustainable aviation fuel 

Sustainable Development Goals (United Nations) 
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1 

1. 'FIT FOR 55': DELIVERING THE EU'S 2030 CLIMATE TARGET ON THE WAY TO 

CLIMATE NEUTRALITY  

We are at a pivotal moment in the world’s response to the climate and biodiversity 

emergencies and we are the last generation that can still act in time. This decade is a 

make-or-break moment for delivering on our commitments under the Paris Agreement, in 

the interest of the health, wellbeing and prosperity of all. The EU has led by example in 

setting ambitious targets for reducing net emissions by at least 55% by 2030 compared to 

1990 and for being the first climate neutral continent by 2050. These goals are no longer 

aspirations or ambitions but obligations laid down in the first European Climate Law that 

create new opportunities for innovation, investment and jobs. 

In this spirit, the package of proposals aims to make the EU ‘fit for 55’ and deliver the 

transformational change needed across our economy, society and industry. This is a 

collective responsibility and opportunity that must be open to all, whether innovators and 

investors, companies and cities, or consumers, households and individuals. We all share 

in the benefits of more space for nature, cleaner air, cooler and greener towns and cities, 

healthier citizens, lower energy use and bills, as well as new jobs, technologies and 

industrial opportunities. The challenge at the heart of the EU’s green transition is how we 

can bring these benefits to all as quickly and as fairly as possible, while strengthening our 

competitiveness, creating the jobs of tomorrow and effectively addressing the costs and 

impacts of the transition. 

Acting before we reach irreversible tipping points will allow us to design that 

transformation rather than react and adapt to it. While the cost of non-action is clearly 

higher than the cost of fulfilling our climate ambitions, sterile numbers cannot capture 

the stark consequences of continuing business-as-usual. Non-action could also lead to 

new dividing lines: between those who can afford clean, modern technologies based on 

renewables and those with no alternative to old-fashioned and polluting ones. Next 

generations will bear the brunt of more frequent- and more intense - storms, wildfires, 

droughts and floods, as well as the conflicts that they could trigger around the world. 

Tackling these crises is therefore a matter of intergenerational and international 

solidarity. What we achieve in the next decade will determine our children’s future. This 

is why there is sustained and growing public support for climate ambition and action
1
. 

Stepping up climate action is also an appeal of especially young people, including 

today’s teenagers, who, as agents of change, call on governments and the EU to act 

decisively and without delay to protect the climate and environment for next generations. 

Today’s proposals build on policies and legislation the European Union has already put 

in place. The European Green Deal set the blueprint for this transformational 

change. It put in place the building blocks for the economy of tomorrow with landmark 

strategies on biodiversity, circular economy, zero pollution, sustainable and smart 

mobility, renovation wave, sustainable food, hydrogen, batteries, offshore renewable 

energy and many others. Unprecedented resources have been earmarked to support the 

transition, whether through the EU’s recovery plan, NextGenerationEU contributing at 

least 37% to the green transition, the next long-term EU budget for 2021-2027 or the 

continued focus on sustainable finance and unlocking private investment. And we will 

                                                 
1
Special Eurobarometer on Climate Change 513 (published on 5 July 2021) 

https://ec.europa.eu/clima/citizens/support_en. 
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2 

continue to mobilise all EU policies to support the shift to climate neutrality, including 

research, skills, industrial, competition and trade policies.  

The package is also based on clear evidence – both on the need to reach our 2030 target 

but also on how to achieve it in the best and fairest way possible. The 2030 Climate 

Target Plan
2
 assessed the opportunities and costs of the green transition, and showed that 

the balance is a positive one if we get our policy mix right. This builds on the knowledge 

that what is good for the planet is good for people and the economy, as reflected by the 

economy growing by over 62% since 1990 with emissions falling by 24% over the same 

period, thus clearly decoupling growth from CO2 emissions. 

This experience and knowledge enables this package to be the most comprehensive set of 

proposals the Commission has ever presented on climate and energy, setting the basis for 

new jobs and a resilient and sustainable European economy for the future. It lays the 

regulatory foundation to reach our targets in a fair, cost-efficient and competitive way. 

It puts a price on carbon in more sectors, which brings significant additional revenues to 

ensure a fair transition, and makes clean solutions cheaper. It supports greater renewable 

energy use and more energy savings. It facilitates growing sales of clean new vehicles 

and cleaner transport fuels. It ensures that industry can lead the transition and gives it the 

certainty it needs for boosting investment and innovation. It focuses on taxing energy 

sources in line with our climate goals and environmental objectives. The package 

translates the polluter pays principle into practice. It aims to reverse the declining trend in 

nature’s capacity to remove carbon from the atmosphere. And it helps to ensure that our 

climate goals are not undermined by the threat of carbon leakage, by encouraging global 

climate action.  

The Fit for 55 Package cements the EU’s global leadership by action and by example 

in the fight against climate change. However, EU action alone is not enough and cannot 

deliver the global emission reduction the world needs. The EU remains fully committed 

to the multilateral global order and calls upon partners around the world to work together. 

This is why the EU is working with the G7, the G20 and other international partners to 

show that increased climate ambition, economic prosperity and sustainable growth can 

go hand in hand. Ahead of the crucial 26th United Nations Climate Change Conference 

of the Parties (‘COP26’) in Glasgow in November 2021, this set of proposals aims to set 

an agenda to work with the rest of the world towards a green transition that addresses 

existential threats and creates new opportunities for all.  

The Fit for 55 Package is a set of interconnected proposals that together deliver our 

ambition. This Communication gives an overview of the different proposals as well as 

their linkages and explains the toolbox of policy measures chosen. It presents how the 

package strikes the overall balance between fairness, emissions reductions, and 

competitiveness and illustrates how the different policies work together.  

  

                                                 
2
 COM(2020) 562 final 
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The Fit for 55 Package: At a glance 

The Fit for 55 package consists of a set of inter-connected proposals, which all drive towards 

the same goal of ensuring a fair, competitive and green transition by 2030 and beyond. Where 

possible existing legislation is made more ambitious and where needed new proposals are put 

on the table. Overall, the package strengthens eight existing pieces of legislation and presents 

five new initiatives, across a range policy areas and economic sectors: climate, energy and 

fuels, transport, buildings, land use and forestry.  

The legislative proposals are backed by impact assessment analysis, which takes into account 

the interconnection of the overall package. The analysis shows that an over-reliance on 

strengthened regulatory policies would lead to unnecessarily high economic burdens, while 

carbon pricing alone would not overcome persistent market failures and non-market barriers. 

The chosen policy mix is therefore a careful balance between pricing, targets, standards and 

support measures.  

 

Support measures 

• Using revenues and regulations to promote innovation, build solidarity and 

mitigate impacts for the vulnerable, notably through the new Social Climate Fund 

and enhanced Modernisation and Innovation Funds. 

 

 

2. WHOLE-OF-ECONOMY APPROACH: FAIR, COMPETITIVE AND GREEN TRANSITION 

The Fit for 55 Package aims to deliver the EU’s increased emission reductions target to 

the benefit of all Europeans and to create opportunities to take part in the transition, help 

those most in need, and drive stronger overall emissions reductions. It will also support 

the EU’s green recovery from the pandemic, help spread environmental standards beyond 

EU borders and boost innovation in the products and technologies of the future.  

 

Pricing 

•Stronger Emissions Trading 
System including in aviation  

•Extending Emissions Trading 
to maritime, road transport, and 
buildings 

•Updated Energy taxation 
Directive 

•New Carbon Border 
Adjustment Mechanism 

Targets 

•Updated Effort Sharing 
Regulation 

•Updated Land Use Land 
Use Change and 
Forestry Regulation 

•Updated Renewable 
Energy Directive 

•Updated Energy 
Efficiency Directive 

Rules 

•Stricter CO2 
performance for cars & 
vans 

•New infrastructure for 
alternative fuels 

•ReFuelEU: More 
sustainable aviation 
fuels 

•FuelEU: Cleaner 
maritime fuels 

2007  
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2.1 A socially fair transition: tackling inequality and energy poverty through climate 

action  

The transition towards climate neutrality can be a unique opportunity to reduce systemic 

inequality. Carbon pricing instruments, for example, raise revenues that can be reinvested 

to address energy poverty and mobility challenges for the vulnerable, spur innovation and 

economic growth, and create employment. This is not just a matter of fairness and 

solidarity it is a wider societal necessity to tackle inequities that existed before the 

European Green Deal and that would worsen without resolute action against climate 

change and towards zero pollution.  

This is why solidarity is a defining principle of the European Green Deal – between 

generations, Member States, regions, rural and urban areas, and different parts of society 

– as exemplified by the Just Transition Mechanism and a number of other instruments 

put in place at EU level in recent years. Reaching climate neutrality will require a shared 

sense of purpose, collective efforts and a recognition of different starting points and 

challenges. Many citizens, especially younger people, are ready to change their 

consumption and mobility patterns when empowered by relevant information in order to 

limit their carbon footprint and to live in a greener, healthier environment. However, this 

package also addresses the concerns of those whose employment or income are affected 

by the transition.  

This approach is reflected across the Fit for 55 package, from sharing efforts to reach 

climate targets among Member States based on their relative wealth to taking into 

account their different capabilities when distributing revenues and to addressing 

inequalities within each Member State. This reflects the need for increased solidarity and 

social fairness to match our increased speed and ambition. 

In this spirit, a new Social Climate Fund will provide dedicated funding to Member 

States to support European citizens most affected or at risk of energy or mobility poverty, 

to accompany the introduction of the Emissions Trading to road transport and buildings. 

Energy poverty alone affects up to 34 million people in the European Union today. The 

Fund will help mitigate the costs for those most exposed to fossil fuel price increases 

during the transition. The new Fund will promote fairness and solidarity between and 

within Member States while mitigating the risk of energy and mobility poverty. It will 

build on and complement existing solidarity mechanisms
3
. The Social Climate Fund will 

provide €72.2 billion in current prices for the period 2025-2032 in the EU budget from 

the new Emissions Trading System. It will enable Member States to support vulnerable 

low and middle-income households, transport users, and micro-enterprises affected by 

the impact of the extension of emission trading to building and transport. It will entail 

support to investments to increase the energy efficiency and renovations of buildings, 

clean heating and cooling, and integrate renewable energy in a manner that can 

sustainably reduce both CO2 emissions and energy bills for vulnerable households and 

micro enterprises. It will also finance access to zero- and low- emission mobility. Where 

needed and as long as it is required, the Fund can cover direct income support, while 

green investments through the Fund, and through a.o. the Recovery and Resilience 

Facility and the European Regional Development Fund, are carried out and deliver their 

benefit.  

                                                 
3
 e.g. Cohesion Fund, Just Transition Fund and European Social Fund Plus. 
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Its volume will in principle correspond to 25% of the expected revenues from the new 

emissions trading covering the building and road transport sectors, starting one year 

before carbon pricing comes into effect in order to be ready for the change. It will be 

combined with national contributions of at least to 50 percent. The Commission will 

shortly propose an amendment to the Own Resource Decision and the Multiannual 

Financial Framework 2021-2027 to accommodate this new instrument.  In addition, the 

Commission intends to lay down further guidance to Member States through a proposal 

for Council Recommendation as to how best to address the social and labour aspects of 

the climate transition.  

The Commission will assess the functioning of the Social Climate Fund in 2028, also in 

light of the desired effects of the Effort Sharing Regulation and the application of 

emission trading to the new sectors. 

To strengthen the social dimension further the Commission calls on Member States to 

use a part of revenues generated from the auctioning of allowances for the buildings and 

road transport sectors to mitigate the impact on those low and low-middle-income 

vulnerable households and transport users, in addition to the Social Climate Fund.  

Member States with a higher share of fossil fuels in the energy mix, higher greenhouse 

gas emissions, higher energy intensity and lower GDP per capita will also benefit from 

an enhanced Modernisation Fund. Resources in this fund will depend on the carbon 

price, but the fund will be bolstered with an additional 192,5 million allowances.  

Finally, there will also be continuous solidarity under the Effort Sharing Regulation 

and the EU Emissions Trading System where in particular one tenth of allowances for 

auctions are redistributed among Member States.  

2.2 A competitive transition: New opportunities through industrial and sectoral change 

Achieving the 2030 target will require systemic transformation across the economy. The 

forthcoming revisions of National Energy and Climate Plans and Governance Regulation 

will ensure an integrated planning, implementation and monitoring of the green transition 

towards 2030. They will allow the EU and its Member States to progress in a balanced 

manner. The Fit for 55 proposals reflect this, with action across industry, transport, 

buildings and energy. Complementary and targeted policies at EU and national level will 

accelerate the change in behaviour, technological innovation and deployment, and 

development of new infrastructure. A cornerstone of the package is to build on the 

important achievements of the EU Emission Trading System by strengthening it and 

applying it to new sectors where so far emission reductions have been lacking. The 

experience of the last 16 years has shown that emissions trading is a highly effective 

mechanism to bring down emissions in a cost-effective way, while the revenues it 

generates can be used to support the transition to cleaner production and to stimulate 

innovation.  

Next to a carbon price signal, clear targets are needed to drive change such as in the 

revised Effort Sharing Regulation (ESR), which will empower Member States to take 

national action to tackle emissions in the buildings, transport, agriculture, waste and 

small industry sectors. The proposal should deliver an EU-wide reduction of 40% in 

emissions from these sectors by 2030, compared to the situation in 2005. The principles 

for attributing the relative effort to each Member State remain the same as before. Their 
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different capacities to take action will continue to be recognised by setting national 

targets based on GDP per capita, with adjustments made to take national circumstances 

and cost efficiency into account.  

Applying emissions trading to new sectors complements the other policies of the package 

to drive changes in public and private investments, consumer behaviour and business 

practices. The Commission’s impact assessments show that a decision not to apply 

emissions trading to these areas would require much stronger regulatory measures in all 

sectors than proposed in this package, notably in fuel standards, renewable energy and 

energy efficiency as well as taxation. 

2.2.1 Industrial transformation and carbon pricing 

The green transition presents a wealth of opportunity to the EU industry as the world 

follows our lead in developing markets for clean new technologies and products and 

providing sustainable, local and skilled jobs across the EU. EU industry is ready to 

invest, but needs predictability and a coherent regulatory framework, access to 

infrastructure and support for innovation.  

 

The package includes new requirements for industry to decarbonise production 

processes, but also support mechanisms for the uptake of new technologies. The 

Innovation Fund, which supports business and SMEs’ investment in clean energy, will 

grow its financing for innovative projects and infrastructure to decarbonize industry. 

Particular attention will be given to projects in sectors covered by the Carbon Border 

Adjustment Mechanism (CBAM).  

 

Reflecting the need for steeper emission reductions, the Commission is today proposing 

that by 2030 sectors covered by the revised EU ETS
4
 will need to reduce their 

greenhouse gas emissions by 61%, compared to 2005 levels. To achieve this, we need to 

lower the annual emissions cap in line with the pathway to meeting the higher 2030 

ambition.  

 

To strengthen the role of carbon pricing in the transport sector, the Commission proposes 

to gradually extend the current EU ETS to the maritime sector over the period 2023 to 

2025. Greater efforts will also be required from aviation operators to reduce their 

emissions, which is why the Commission is proposing to phase out the free emissions 

allowances this sector currently receives. In order to also address aviation emissions at 

global level, the Carbon Offsetting and Reduction Scheme for International Aviation 

(CORSIA) will be implemented through the EU Emissions Trading System Directive. 

We will both pursue domestic policies and continue working with our partners at 

international level through the International Maritime Organization and the International 

Civil Aviation Organization (ICAO). 

Fossil fuels used by road transport and buildings are substantial sources of emissions 

and pollution. As they have been very difficult to decarbonise so far, they are also full of 

innovation and job creating potential. For instance, emissions trading in road transport 

will increase incentives to supply cleaner fuels for existing vehicles. It will lead to an 

evolution of the available fuels on the market for the existing fleet, pushing providers to 

                                                 
4
 Power sector, energy-intensive industry sectors including oil refineries, steel works, and production of 

iron, aluminum, metals, cement, lime, glass, ceramics, pulp, paper, cardboard, acids and bulk organic 

chemicals, as well as aviation and maritime sectors. 
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decarbonise their fuels. The carbon price in itself, however, does not guarantee a quick 

transition to zero emission mobility for which complementary policies, including on 

charging infrastructure are needed.  

Similarly, applying emissions trading to fuels in the buildings sector will help bring 

cleaner heating fuels to the market, shorten payback periods for investments in 

renovation and accelerate fuel-switching in heating and cooling in existing buildings. 

This will be complemented by policy measures to improve the energy efficiency of 

buildings and energy appliances and systems so that the overall energy needs in our 

homes and in heating and cooling will also be reduced.  

This is why the Commission proposes to start applying emissions trading from 2026 

for road transport and buildings. This will be done in a separate system focused on 

upstream fuel suppliers, putting the responsibility on fuel producers to comply with the 

system, rather than requiring individual households or road transport users to take part 

directly. Emissions from road transport and building sectors will be capped, with the cap 

reduced over time so that total emissions fall. 

If international partners do not share a comparable ambition to the EU, there is a risk of 

carbon leakage whereby production is transferred from the EU to other countries with 

lower ambition for emission reduction. If this risk materialises, there will be no reduction 

in global emissions. This is why, as outlined in further detail in Section 4 of this 

Communication, the Commission is proposing a Carbon Border Adjustment 

Mechanism putting a price on imports of a limited number of high-polluting goods 

based on their carbon content.  

This industrial transition to 2030 – and beyond to climate neutrality – must be a collective 

and inclusive effort, co-designed with the industrial ecosystems. The updated Industrial 

Strategy announced the co-creation of transition pathways with social partners and other 

stakeholders to chart how best to accelerate and benefit from the twin transitions, looking 

at the scale, speed and conditions facing each ecosystem. The pathways will identify the 

scale of the needs, including reskilling, investment or technology needs and devise 

actions to meet them, building on inputs such as industrial strategy roadmaps. Priority is 

given to ecosystems that commit to the transition, face the most challenges and have been 

heavily affected by the crisis, such as in mobility, construction and energy intensive 

industries.  

The Commission acknowledges that the green transition can only succeed if the EU has 

the skilled workforce it needs to stay competitive. Education and training are central to 

raising awareness and boosting skills for the green economy in the instruments such as 

the green strand in Erasmus+ and the Education for Climate Coalition. With the European 

Skills Agenda for sustainable competitiveness, social fairness and resilience the 

Commission is rolling out flagship actions to equip people with the right skills needed for 

the green and digital transition. Under the Agenda, the Commission also facilitates the 

development of commitments for re- and upskilling in all industrial ecosystems. Various 

ecosystems, including the automotive ecosystem, have already committed to re- and 

upskill their workforce across the entire value chain, as part of the Pact for Skills.  

 

2.2.2 Cleaner mobility and transport fuels 

Next to carbon pricing, other measures are needed to put transport on a firm path to zero 

emissions, and drive down air pollution as transport represents almost a quarter of the 

EU’s greenhouse gas emissions and is the main cause of air pollution in cities. Emissions 
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remain higher than in 1990 and a 90% reduction in overall transport emissions by 2050
5
 

will be required to reach climate neutrality.  

The Fit for 55 package therefore includes four proposals promoting cleaner vehicles and 

fuels in a technologically neutral way. The revision of the CO2 emission standards for 

new cars and vans aims at further reducing the greenhouse gas emissions of these 

vehicles, providing a clear and realistic pathway towards zero-emission mobility. 

Consumer demand for zero emission vehicles is increasing sharply already
6
.  

The Alternative Fuels Infrastructure Regulation will ensure the necessary deployment 

of interoperable and user-friendly infrastructure for recharging and refuelling cleaner 

vehicles across the EU, keeping pace with the development of the market and 

guaranteeing that rural and remote areas will also be covered. The proposed mandatory 

targets for alternative fuels infrastructure are key to support the penetration of cleaner 

vehicles and the continued growth of this market which presents extraordinary 

opportunities for the EU car industry. 

All these measures reinforce and complement each other. Knowing that the average car 

lasts 10 to 15 years, putting a price on carbon for road transport is urgent to make the 

existing fleet drive cleaner. In addition, more ambitious CO2 standards will help to get 

more zero emission vehicles on the road quickly, while infrastructure obligations will put 

in place the necessary charging and refuelling stations to serve the millions of new 

vehicles that are expected by 2030 and while we continue to build a sustainable and 

globally competitive battery value chain. 

The transition of the automotive industry and its supply chain is already happening. This 

requires using financial resources such as the Innovation Fund and possibilities under 

State aid rules for investments to create new business opportunities in different segments 

of the industrial ecosystem. In addition, the European Social Fund Plus (ESF+), InvestEU 

and other EU funding programmes can be used to support re- and upskilling measures.  

 

 

The Commission is also proposing to promote the uptake of sustainable fuels in the 

aviation and maritime sectors complementing the ETS for the aviation and maritime 

sectors which makes polluting fuels more expensive for suppliers. The ReFuelEU 

Aviation to promote sustainable aviation fuel will oblige fuel suppliers to blend an 

increasingly high level of sustainable aviation fuels into existing jet fuel uploaded at EU 

airports, as well as incentivise the uptake of synthetic fuels, known as e-fuels. The 

upcoming zero emission aviation Alliance will complement this work to ensure market 

readiness for disruptive aircraft configurations (e.g. hydrogen, electric). The Commission 

also calls on the Council and the European Parliament to agree quickly on the updated 

Single European Sky regulatory framework, which is estimated to help cut aviation 

emissions by up to 10%. 

The FuelEU Maritime proposal to promote sustainable maritime fuels will create new 

requirements for ships, regardless of their flag, arriving to or departing from EU ports, by 

                                                 
5
  As compared to 1990 levels. 

6
 Almost half a million new electrically chargeable vehicles (ECVs) were registered in the EU in the final quarter of 

2020. This was the highest figure on record and translated into an unprecedented 17% market share. It also brought 

the annual total to one million new ECVs, which means that the existing electric fleet doubled in just 12 months 

(Quarterly Report of European Electricity Markets, Q4 2020). 

2012  
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imposing a maximum limit on the greenhouse gas content of the energy they use and 

making these limits more stringent over time. The upcoming Renewable and Low-

Carbon Fuels Value Chain Alliance will boost the supply and deployment of the most 

promising fuels for all modes of transport.  

 

Certainty about emissions performance in these sectors can only be provided by making 

sure that new fuels respect the sustainability criteria for renewable energy sources. This 

link must be preserved and we must ensure that we promote only the cleanest advanced 

biofuels and novel electro-fuels with the best emissions performance. In aviation, 

ICAO’s Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) 

will be implemented. These measures are complemented by the revised Energy Taxation 

Directive, which will make cleaner fuels more attractive in all transport modes and close 

loopholes for polluting fuels. 

 

2.2.3 Energy 

Energy use accounts for 75% of the EU’s emissions, so the transformation of our energy 

system is central to our climate ambitions. Saving more energy and using more 

renewables in the energy we do use is a key driver for jobs, growth and emission 

reduction.  

To reach the 2030 target, the updated Renewable Energy Directive proposes to increase 

the overall binding target from the current 32% to a new level of 40% of renewables in 

the EU energy mix. This will be complemented by indicative national contributions, 

showing what each Member State should contribute to reach the collective target. The 

proposal supports Member States in making the most of their cost-effective renewable 

energy potential across sectors through a combination of sectoral targets and measures. It 

aims at making the energy system cleaner and more efficient by fostering renewables-

based electrification and, in sectors such as industry and transport where this is more 

difficult, it will promote the uptake of renewable fuels, such as clean hydrogen.  

Reduced energy consumption allows us to bring down both emissions and energy costs 

for consumers and industry. The revision of the Energy Efficiency Directive proposes to 

increase the level of ambition of the energy efficiency targets at EU level and to make 

them binding. This should lead to 9% reduction in energy consumption by 2030, 

compared to the baseline projections
7
. As part of this, national indicative benchmarks for 

energy efficiency calculated with a new formula will also guide Member State action. 

The revision of the Energy Performance of Buildings Directive, planned for later in the 

year, will identify specific measures to accelerate the rate of buildings renovations, 

contributing to energy efficiency and renewable goals and greenhouse gas emissions 

reductions in the buildings sector. 

The tax system for energy products must both preserve the internal market and support 

the green transition by setting the right incentives. Therefore, a revision of the Energy 

Taxation Directive proposes to align the minimum tax rates for heating and transport 

fuels with EU climate and environmental objectives, while mitigating the social impact. 

                                                 
7
 The reference scenario used as a baseline for defining the level of ambition of the Union’s targets has been updated in 

the legislative proposal for the revision of the Energy Efficiency Directive. The targets will from now on be 

calculated using the 2020 Reference scenario baseline whereas the current energy efficiency targets were calculated 

using the 2007 Reference scenario baseline.  
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The new rules will remove outdated exemptions, for example in aviation and maritime 

transport, and other incentives for the use of fossil fuels, while promoting the uptake of 

clean fuels. 

 

2.3 A green transition: Protecting nature and increasing the EU’s natural carbon sink 

The twin climate and biodiversity crises cannot be treated in separately. We either solve 

the climate and nature crises together, or we solve neither. This also means that we 

should not take more resources than the planet can afford to share with us. If we help 

delicate land and ocean ecosystems recover, they can provide for life on the planet and 

fulfil their role in the fight against climate change. Restoring nature and enabling 

biodiversity to thrive again is essential to absorb and store more carbon.  

We therefore need to increase the capacity of the EU’s forests, soils, wetlands and 

peatlands, oceans, and water bodies to act as carbon sinks and stocks. In a modernised 

agricultural sector, we also need farming practices that put land and nature first and 

regenerate the quality of our soils to ensure our food security.  

As part of the updated Land Use Land Use Change and Forestry Regulation, the 

Commission is proposing to set higher ambitions for the expansion of the EU’s natural 

carbon removals, which is key for balancing out emissions and reaching climate 

neutrality. The new proposal looks to reverse the current trend of diminishing CO2 

removals and increase the quality and quantity of the EU’s forests and other natural 

carbon sinks. It proposes to set an EU target of net greenhouse gas removals in the 

LULUCF sector of 310 million tons of CO2 equivalent by 2030. Specific national targets 

are proposed to contribute to this shared goal. Beyond 2030, the Commission will assess 

progress and envisages proposals to set this sector on the pathway to reaching climate 

neutrality – considering emissions and removals from the LULUCF sector and non-CO2 

 agricultural emissions. 

Member States will retain a certain flexibility in dividing the effort between the Effort 

Sharing Regulation and LULUCF sectors, underlining again the complementarity 

between the different proposals in the Fit for 55 package. 

The Commission is also taking multiple measures to incentivise good practices in the 

production of biomass, and to ensure supply and demand for woody biomass remain 

within the limits of sustainability
8
 and are in line with our objectives of restoring 

biodiversity, improving the health of nature, and staying within planetary limits.  

The proposal on renewable energy generation includes strengthened sustainability 

criteria for bioenergy by extending their scope of application and by enlarging no-go 

areas for sourcing. Bioenergy currently accounts for around 60% of renewable energy 

production and, while that share is projected to decline between 2030 and 2050, the 

overall demand for renewable energy will increase. The proposal confirms the cascading 

principle, which privileges the highest value added use of wood, and ensures that national 

support schemes for the use of sustainably sourced biomass are in line with it and avoid 

harmful impacts on biodiversity. 

 

                                                 
8
 JRC Publications Repository - Brief on the role of the forest-based bioeconomy in mitigating climate change through 

carbon storage and material substitution (europa.eu). 

2014  

https://publications.jrc.ec.europa.eu/repository/handle/JRC124374
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The new EU Forest Strategy presented together with the Fit for 55 package, as well as, 

the forthcoming New Soil Strategy, EU Nature Restoration Law and Carbon Farming 

Initiative planned for later in 2021, will further strengthen the EU’s natural carbon sinks, 

ensure that biodiversity has a key place in the overall approach and support the crucial 

social and economic functions of forestry and forest-based sectors.   

3. OPPORTUNITIES AND INCENTIVES: INNOVATION AND INVESTMENT FOR A 

COMPETITIVE TRANSITION 

The transition to a climate neutral economy supports innovation. The European Green 

Deal is a growth strategy and as outlined in the EU’s updated Industrial Strategy, the Fit 

for 55 proposals offer significant opportunities to develop, deploy and export low-carbon 

technologies and green jobs
9
.  

By setting a clear policy framework with detailed targets and policies, the Commission is 

increasing investor certainty and reducing the risk of locking in investments in carbon 

intensive industries that will become obsolete before too long and lead to stranded assets. 

The EU gains from a first mover advantage with increasing global action on climate 

change. Investments in a low carbon economy can spur economic growth and jobs, 

accelerate the clean energy transition, increase long-term competitiveness and play a role 

in the green recovery.  

The EU’s long-term budget and its recovery package NextGenerationEU are 

specifically tailored to supporting the green transition. 30% of programmes under the 

2021-2027 Multiannual Financial Framework are dedicated to support climate action, for 

example through cohesion policy, agriculture, and the LIFE programme for climate and 

environment. The target of using 35% of research and innovation funding under Horizon 

Europe for green investments as well as the various partnerships and missions
10

 under the 

programme provide necessary resources for building sustainable and innovative solutions 

to the green transition. Horizon Europe provides substantial support for SMEs, in 

particular start-ups and spinout companies to develop and scale up game-changing 

innovations. 

In addition, Member States’ national recovery and resilience plans financed under the 

Recovery and Resilience Facility need to contribute to the green transition with 

measures accounting to at least 37% of the plans’ allocations. But public funding will not 

be sufficient. The Strategy for Financing the Transition to a Sustainable Economy will 

help unlock the private investment needed to finance this transition
11

. 

The Commission will continue to incentivise investments in the green transition. In 

reviewing the environmental and energy State aid guidelines the Commission will pay 

particular attention to ensure that they mirror the scope and ambition of the European 

Green Deal. Whilst the recent evaluation of the current IPCEI Communication showed 

that the provisions work well, some targeted adjustments would be necessary, including 

to further enhance their openness and facilitate participation of SMEs and to provide 

guidance on the criteria to pool funds from national budgets and EU programmes. 

                                                 
9
 See the Impact Assessment for the Communication on Stepping up Europe’s 2030 climate ambition, SWD (2020) 

177 final. 
10 For the green transition, the missions on Climate neutral and smart cities; Healthy oceans, seas, coastal and inland 

waters; Soil health and food and Adaptation to climate change, including societal transformation are particularly 

relevant.  
11 COM (2021) 390 final 

2015  

https://ec.europa.eu/finance/docs/law/210704-communication-sustainable-finance-strategy_en.pdf
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To support this, the Fit for 55 proposals contain their own dedicated financial instruments 

to support a fair transition, based on the revenues generated by the extension and 

strengthening of emissions trading. This underlines once more the interconnection 

between the different parts of this package of proposals. Existing solidarity mechanisms 

and funds are strengthened to address distributional impacts and boost further investment 

in innovative low-carbon solutions. The size and scope of the Innovation Fund is 

extended to provide support to projects in the form of carbon contracts for difference to 

trigger emission reductions in industry.  

4. A SUSTAINABLE EU IN A SUSTAINABLE WORLD 

While only accounting for 8% of global CO2 emissions, the EU recognises its 

responsibility for a higher share of cumulative emissions. The EU is committed to 

decisively forge a path towards a green, competitive, inclusive, circular economy. The 

European Green Deal, as our growth and competitiveness strategy, is contributing to 

transform the global narrative, affecting political and business markets, and offering an 

example to follow.  

 

Global engagement and international cooperation is key to address the climate crisis and 

the EU actively engages with partner countries bilaterally and multilaterally. 

 

The Fit for 55 package is a key milestone on the road to Glasgow, where the next United 

Nations Climate Change Conference, also known as COP26, will be held later this year. 

It will be the backbone of the EU’s delivery on its commitments to the planet and the 

world, as signed up to in the Paris Agreement.  

The EU is determined to ensure that decarbonisation gains in the EU should not simply 

push carbon emissions outside our borders. Such carbon leakage is currently prevented 

by the issuance of free allowances under the Emissions Trading System (ETS). That 

system has been effective in addressing the risk of leakage but it also dampens the 

incentive to invest in greener production at home and abroad. 

In this spirit, the Commission is today proposing a Carbon Border Adjustment 

Mechanism (CBAM). Designed as a climate action instrument, it introduces a market 

dynamic that protects the integrity of EU and global climate policy by reducing 

GHG emissions in the EU and globally, and induces the relevant sectors to modernise, 

become more sustainable, and drive down their carbon content.  

The CBAM will be gradually introduced for a few selected products. A simplified system 

will apply in the first years with the objective of facilitating a smooth roll out of the 

mechanism. The proposal for a CBAM ensures that the same carbon price will be paid by 

domestic and imported products and will thus be non-discriminatory and compatible with 

WTO rules and other international obligations of the EU. In the sectors concerned, 

CBAM will be gradually phased-in while free allowances are phased out, ensuring that 

the new system provides stronger incentives for the EU and foreign industries to innovate 

and reduce emissions. Moreover, sectors and companies outside the EU that may already 

have lower carbon content in their production cycles or in which a similar system of 

carbon pricing is applied will benefit from this under CBAM. As such, it is an invitation 

to our international partners for jointly increasing climate ambition.  

The global move away from fossil fuels is already well under way. And the effects go 

beyond climate and environment - they are also geopolitical. The EU must adjust its 

policies accordingly to ensure a stable transition, including outside of its borders. In this 
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spirit, the European Commission will soon come forward with new legislation to 

minimise the EU’s contribution to deforestation and forest degradation worldwide and 

embed sustainable corporate governance in companies’ strategies. 

We expect partners to fulfil their Paris commitments too and are ready to work together 

by strengthening EU climate diplomacy. In order to enhance cooperation with our 

international partners and facilitate the global transition to a net zero economy, the full 

range of the EU’s external policy instruments will be harnessed to align with these higher 

goals. As part of its climate diplomacy in bilateral partnerships and multilateral 

organizations, the EU will ensure that it consults, explains, assists and where possible 

accommodates partners, while keeping the main objectives as laid down in the Paris 

Agreement in focus. This also includes support to climate finance to help vulnerable 

countries adapt to climate change and invest in reducing greenhouse gas emissions. The 

EU and its Member States have consistently been the world’s largest contributor of 

public climate finance to low- and middle-income countries, and this will continue, with 

particular attention to the needs of the least developed countries.  

 

5. CONCLUSION 

The European Union is built on the premise of developing common policies to achieve 

our common interests. It requires solidarity between its Member States and between its 

citizens to achieve these goals and enjoy its benefits, with everybody acting in line with 

their own capacities and competences, and respecting different national specificities and 

starting points in reaching the end goal. The Fit for 55 package is designed in this spirit: 

efforts are shared between Member States in the most cost effective way, acknowledging 

our differences, and support is given to those most in need, to ensure that the transition 

reaches everybody in a beneficial way. 

The package of proposals has been carefully crafted to create the right balance of policy 

measures and revenues generated to design and drive a just and transformational change 

across the t EU economy. Changing the weight of each tool inevitably has knock-on 

effects on several others, and removing any of the proposed measures requires a tuning 

up of proposals in other areas. To make the European Union Fit for 55 and reduce in time 

our emissions by at least 55%, we need all these tools and this balance. 
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The Fit for 55 package recognises that the EU citizens need to be offered better 

information, affordable options and appropriate incentives to make the individual 

changes that collectively help us live in balance with our environment and our planet. 

Citizens of all regions and ages will be closely involved in the implementation, for 

instance through the European Climate Pact and citizens’ panels of the Conference on the 

Future of Europe. It also acknowledges the effectiveness of putting a price on carbon and 

marshals the economic power of companies and markets to deliver structural changes to 

our economy that provide the cleaner, healthier products and services that we need. 

Finally, it enables the EU to shape long-term investments, lead markets and enforce new 

green standards. It is this combination that will make the EU fit for a climate neutral 

future. 

The challenges of climate change require a global response and the EU will continue 

engaging actively with its partner countries to support the climate and energy 

transformation globally.  

The Commission has now presented the necessary proposals for the EU to fulfil our 

commitments and targets, and to genuinely embrace the transformation that lies ahead. 

We invite the European Parliament and the Council to swiftly begin their legislative work 

on the proposals presented today, and to ensure that they are treated as a coherent 

package, respecting the multiple interconnections between them.  

The make-or-break decade has already started. The EU needs its policy toolbox to be Fit 

for 55 in place as soon as possible to meet our 2030 targets and set us firmly on the 

pathway towards becoming the first climate-neutral continent by 2050. 

2018  
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Press release 14 July 2021 Brussels

European Green Deal:
Commission proposes
transformation of EU
economy and society to
meet climate ambitions

| |

Today, the European Commission adopted a package of
proposals to make the EU's climate, energy, land use,
transport and taxation policies fit for reducing net
greenhouse gas emissions by at least 55% by 2030,
compared to 1990 levels. Achieving these emission
reductions in the next decade is crucial to Europe becoming
the world's first climate-neutral continent by 2050 and making
the European Green Deal a reality. With today's proposals,
the Commission is presenting the legislative tools to deliver
on the targets agreed in the European Climate Law and
fundamentally transform our economy and society for a fair,
green and prosperous future.

 

A comprehensive and interconnected set of proposals

Today's proposals will enable the necessary acceleration of
greenhouse gas emission reductions in the next decade.
They combine: application of emissions trading to new
sectors and a tightening of the existing EU Emissions Trading

 An official EU website
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sectors and a tightening of the existing EU Emissions Trading
System; increased use of renewable energy; greater energy

efficiency; a faster roll-out of low emission transport modes
and the infrastructure and fuels to support them; an alignment
of taxation policies with the European Green Deal objectives;
measures to prevent carbon leakage; and tools to preserve
and grow our natural carbon sinks.

The EU Emissions Trading System (ETS) puts a
price on carbon and lowers the cap on emissions from
certain economic sectors every year. It has successfully
brought down emissions from power generation
and energy-intensive industries by 42.8% in the past
16 years. Today the Commission is proposing to lower
the overall emission cap even further and increase its
annual rate of reduction. The Commission is also
proposing to phase out free emission allowances for
aviation and align with the global Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA)
and to include shipping emissions for the first time in
the EU ETS. To address the lack of emissions
reductions in road transport and buildings, a separate
new emissions trading system is set up for fuel
distribution for road transport and buildings. The
Commission also proposes to increase the size of the
Innovation and Modernisation Funds.
To complement the substantial spending on climate in
the EU budget, Member States should spend the
entirety of their emissions trading revenues on
climate and energy-related projects. A dedicated part
of the revenues from the new system for road transport
and buildings should address the possible social
impact on vulnerable households, micro-
enterprises and transport users.
The Effort Sharing Regulation assigns
strengthened emissions reduction targets to each
Member State for buildings, road and domestic
maritime transport, agriculture, waste and small
industries. Recognising the different starting points and
capacities of each Member State, these targets are
based on their GDP per capita, with adjustments made
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p p , j
to take cost efficiency into account.

Member States also share responsibility for removing
carbon from the atmosphere, so the Regulation on
Land Use, Forestry and Agriculture sets an overall
EU target for carbon removals by natural sinks,
equivalent to 310 million tonnes of CO2 emissions by
2030. National targets will require Member States to
care for and expand their carbon sinks to meet this
target. By 2035, the EU should aim to reach climate
neutrality in the land use, forestry and agriculture
sectors, including also agricultural non-CO2 emissions,
such as those from fertiliser use and livestock. The EU
Forest Strategy aims to improve the quality, quantity
and resilience of EU forests. It supports foresters and
the forest-based bioeconomy while keeping harvesting
and biomass use sustainable, preserving biodiversity,
and setting out a plan to plant three billion trees
across Europe by 2030.
Energy production and use accounts for 75% of EU
emissions, so accelerating the transition to a greener
energy system is crucial. The Renewable Energy
Directive will set an increased target to produce 40%
of our energy from renewable sources by 2030. All
Member States will contribute to this goal, and specific
targets are proposed for renewable energy use in
transport, heating and cooling, buildings and industry.
To meet both our climate and environmental goals,
sustainability criteria for the use of bioenergy are
strengthened and Member States must design any
support schemes for bioenergy in a way that respects
the cascading principle of uses for woody biomass.
To reduce overall energy use, cut emissions and tackle
energy poverty, the Energy Efficiency Directive will set
a more ambitious binding annual target for
reducing energy use at EU level. It will guide how
national contributions are established and almost
double the annual energy saving obligation for Member
States. The public sector will be required to
renovate 3% of its buildings each year to drive the
renovation wave create jobs and bring down energy
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renovation wave, create jobs and bring down energy
use and costs to the taxpayer.

A combination of measures is required to tackle rising
emissions in road transport to complement emissions
trading. Stronger CO2 emissions standards for cars
and vans will accelerate the transition to zero-emission
mobility by requiring average emissions of new cars
to come down by 55% from 2030 and 100% from
2035 compared to 2021 levels. As a result, all new cars
registered as of 2035 will be zero-emission. To ensure
that drivers are able to charge or fuel their vehicles at a
reliable network across Europe, the revised Alternative
Fuels Infrastructure Regulation will require Member
States to expand charging capacity in line with
zero-emission car sales, and to install charging and
fuelling points at regular intervals on major highways:
every 60 kilometres for electric charging and every 150
kilometres for hydrogen refuelling.
Aviation and maritime fuels cause significant pollution
and also require dedicated action to complement
emissions trading. The Alternative Fuels Infrastructure
Regulation requires that aircraft and ships have access
to clean electricity supply in major ports and
airports. The ReFuelEU Aviation Initiative will oblige
fuel suppliers to blend increasing levels of
sustainable aviation fuels in jet fuel taken on-board at
EU airports, including synthetic low carbon fuels,
known as e-fuels. Similarly, the FuelEU Maritime
Initiative will stimulate the uptake of sustainable
maritime fuels and zero-emission technologies by
setting a maximum limit on the greenhouse gas
content of energy used by ships calling at European
ports.
The tax system for energy products must safeguard
and improve the Single Market and support the green
transition by setting the right incentives. A revision of
the Energy Taxation Directive proposes to align the
taxation of energy products with EU energy and
climate policies, promoting clean technologies and
removing outdated exemptions and reduced rates that
currently encourage the use of fossil fuels The new
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currently encourage the use of fossil fuels. The new
rules aim at reducing the harmful effects of energy tax

competition, helping secure revenues for Member
States from green taxes, which are less detrimental to
growth than taxes on labour.
Finally, a new Carbon Border Adjustment
Mechanism will put a carbon price on imports of a
targeted selection of products to ensure that ambitious
climate action in Europe does not lead to ‘carbon
leakage'. This will ensure that European emission
reductions contribute to a global emissions
decline, instead of pushing carbon-intensive
production outside Europe. It also aims to encourage
industry outside the EU and our international partners
to take steps in the same direction.

These proposals are all connected and complementary.
We need this balanced package, and the revenues it
generates, to ensure a transition which makes Europe fair,
green and competitive, sharing responsibility evenly across
different sectors and Member States, and providing additional
support where appropriate.

 

A Socially Fair Transition

While in the medium- to long-term, the benefits of EU climate
policies clearly outweigh the costs of this transition, climate
policies risk putting extra pressure on vulnerable households,
micro-enterprises and transport users in the short run. The
design of the policies in today's package therefore fairly
spreads the costs of tackling and adapting to climate change.

In addition, carbon pricing instruments raise revenues that
can be reinvested to spur innovation, economic growth, and
investments in clean technologies. A new Social Climate
Fund is proposed to provide dedicated funding to Member
States to help citizens finance investments in energy
efficiency, new heating and cooling systems, and cleaner
mobility. The Social Climate Fund would be financed by the
EU budget, using an amount equivalent to 25% of the

t d f i i t di f b ildi d d
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expected revenues of emissions trading for building and road
transport fuels. It will provide €72.2 billion of funding to

Member States, for the period 2025-2032, based on a
targeted amendment to the multiannual financial framework.
With a proposal to draw on matching Member State funding,
the Fund would mobilise €144.4 billion for a socially fair
transition.

The benefits of acting now to protect people and the planet
are clear: cleaner air, cooler and greener towns and cities,
healthier citizens, lower energy use and bills, European jobs,
technologies and industrial opportunities, more space for
nature, and a healthier planet to hand over to future
generations. The challenge at the heart of Europe's green
transition is to make sure the benefits and opportunities that
come with it are available to all, as quickly and as fairly as
possible. By using the different policy tools available at EU
level we can make sure that the pace of change is sufficient,
but not overly disruptive.

 

Background

The European Green Deal, presented by the Commission on
11 December 2019, sets the goal of making Europe the first
climate-neutral continent by 2050. The European Climate
Law, which enters into force this month, enshrines in binding
legislation the EU's commitment to climate neutrality and the
intermediate target of reducing net greenhouse gas
emissions by at least 55% by 2030, compared to 1990
levels.The EU's commitment to reduce its net greenhouse
gas emissions by at least 55% by 2030 was communicated to
the UNFCCC in December 2020 as the EU's contribution to
meeting the goals of the Paris Agreement.

As a result of the EU's existing climate and energy legislation,
the EU's greenhouse gas emissions have already fallen by
24% compared to 1990, while the EU economy has grown by
around 60% in the same period, decoupling growth from
emissions. This tested and proven legislative framework
forms the basis of this package of legislation.
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The Commission has conducted extensive impact
assessments before presenting these proposals to measure
the opportunities and costs of the green transition. In
September 2020 a comprehensive impact assessment
underpinned the Commission's proposal to increase the EU's
2030 net emissions reduction target to at least 55%,
compared to 1990 levels. It showed that this target is both
achievable and beneficial. Today's legislative proposals are
supported by detailed impact assessments, taking into
account the interconnection with other parts of the package.

The EU's long-term budget for the next seven years will
provide support to the green transition. 30% of programmes
under the €2 trillion 2021-2027 Multiannual Financial
Framework and NextGenerationEU are dedicated to
supporting climate action; 37% of the €723.8 billion (in
current prices) Recovery and Resilience Facility, which will
finance Member States' national recovery programmes under
NextGenerationEU, is allocated to climate action.

 

Members of the College said:

President of the European Commission, Ursula von der
Leyen, said: “The fossil fuel economy has reached its limits.
We want to leave the next generation a healthy planet as well
as good jobs and growth that does not hurt our nature. The
European Green Deal is our growth strategy that is moving
towards a decarbonised economy. Europe was the first
continent to declare to be climate neutral in 2050, and now
we are the very first ones to put a concrete roadmap on the
table. Europe walks the talk on climate policies through
innovation, investment and social compensation.”

Executive Vice-President for the European Green Deal, Frans
Timmermans, said: “This is the make-or-break decade in the
fight against the climate and biodiversity crises. The
European Union has set ambitious targets and today we
present how we can meet them. Getting to a green and
h lth f t f ll ill i id bl ff t i
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healthy future for all will require considerable effort in every
sector and every Member State. Together, our proposals will

spur the necessary changes, enable all citizens to experience
the benefits of climate action as soon as possible, and
provide support to the most vulnerable households. Europe's
transition will be fair, green and competitive.

Commissioner for Economy, Paolo Gentiloni, said: “Our
efforts to tackle climate change need to be politically
ambitious, globally coordinated and socially fair. We are
updating our two-decades old energy taxation rules to
encourage the use of greener fuels and reduce harmful
energy tax competition. And we are proposing a carbon
border adjustment mechanism that will align the carbon price
on imports with that applicable within the EU. In full respect of
our WTO commitments, this will ensure that our climate
ambition is not undermined by foreign firms subject to more
lax environmental requirements. It will also encourage
greener standards outside our borders. This is the ultimate
now or never moment. With every passing year the terrible
reality of climate change becomes more apparent: today we
confirm our determination to act before it is really too late.”

Commissioner for Energy, Kadri Simson, said: “Reaching the
Green Deal goals will not be possible without reshaping our
energy system – this is where most of our emissions are
generated. To achieve climate-neutrality by 2050, we need to
turn the renewables evolution into a revolution and make sure
no energy is wasted along the way. Today's proposals set
more ambitious targets, remove barriers and add incentives
so that we move even faster towards a net-zero energy
system.”

Commissioner for Transport, Adina Vălean, said: “With our
three transport-specific initiatives – ReFuel Aviation, FuelEU
Maritime and the Alternative Fuels Infrastructure Regulation –
we will support the transport sector's transition into a future-
proof system. We will create a market for sustainable
alternative fuels and low-carbon technologies, while putting in
place the right infrastructure to ensure the broad uptake of
zero-emission vehicles and vessels. This package will take
us beyond greening mobility and logistics It is a chance to

2026  
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us beyond greening mobility and logistics. It is a chance to
make the EU a lead-market for cutting-edge technologies.”

Commissioner for Environment, Oceans and Fisheries,
Virginijus Sinkevičius, said: “Forests are a big part of the
solution to many of the challenges we face in tackling climate
and biodiversity crises. They are also key to delivering the
EU's 2030 climate targets. But current conservation status of
forests is not favourable in the EU. We must increase the use
of biodiversity-friendly practices and secure the health and
resilience of forest ecosystems. The Forest Strategy is a real
game changer in the way we protect, manage and grow our
forests, for our planet, people and the economy.”

Commissioner for Agriculture, Janusz Wojciechowski, said:
“Forests are essential in the fight against climate change.
They also provide jobs and growth in rural areas, sustainable
material to develop the bioeconomy, and valuable ecosystem
services to our society. The Forest Strategy, by addressing
the social, economic and environmental aspects all together,
aims at ensuring and enhancing the multifunctionality of our
forests and highlights the pivotal role played by millions of
foresters working on the grounds. The new Common
Agricultural Policy will be an opportunity for more targeted
support to our foresters and to the sustainable development
of our forests”.

 

For More Information

Communication: fit for 55 delivering EU's 2030 climate targets

Website Delivering the European Green Deal (including
legislative proposals)

Website with Audio-visual material on the proposals

Q&A on EU Emissions Trading System

Q&A on The Effort sharing and Land-use, Forestry and
Agriculture Regulations

Q&A on Making our Energy Systems fit for our Climate
Targets
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g

Q&A on the Carbon Border Adjustment Mechanism

Q&A on the Revision of the Energy Taxation Directive

Q&A on Sustainable Transport Infrastructure and Fuels

Architecture of the package Factsheet

Socially fair transition Factsheet

Nature and Forests Factsheet

Transport Factsheet

Energy Factsheet

Buildings Factsheet

Industry Factsheet

Hydrogen Factsheet

Carbon Border Adjustment Mechanism Factsheet

Making Energy Taxation Greener Factsheet

Brochure on Delivering the European Green Deal
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UK enshrines new target in law to slash emissions
by 78% by 2035
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The UK’s sixth Carbon Budget will incorporate the UK’s share of international aviation and shipping
emissions for the first time, to bring the UK more than three-quarters of the way to net zero by 2050.

From:
Department for Business, Energy & Industrial Strategy
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UK government to set in law world’s most ambitious climate change target, cutting
emissions by 78% by 2035 compared to 1990 levels
for the first time, UK’s sixth Carbon Budget will incorporate the UK’s share of international
aviation and shipping emissions
this would bring the UK more than three-quarters of the way to net zero by 2050
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The UK government will set the world’s most ambitious climate change target into law to reduce
emissions by 78% by 2035 compared to 1990 levels, it was announced today (Tuesday 20 April).

In line with the recommendation from the independent Climate Change Committee, this sixth Carbon
Budget limits the volume of greenhouse gases emitted over a 5-year period from 2033 to 2037,
taking the UK more than three-quarters of the way to reaching net zero by 2050. The Carbon Budget
will ensure Britain remains on track to end its contribution to climate change while remaining
consistent with the Paris Agreement temperature goal to limit global warming to well below 2°C and
pursue efforts towards 1.5°C.

For the first time, this Carbon Budget will incorporate the UK’s share of international aviation and
shipping emissions – an important part of the government’s decarbonisation efforts that will allow for
these emissions to be accounted for consistently.

This comes ahead of Prime Minister Boris Johnson addressing the opening session of the US
Leaders’ Summit on Climate, hosted by President Biden on Earth Day (22 April). The Prime Minister
will urge countries to raise ambition on tackling climate change and join the UK in setting stretching
targets for reducing emissions by 2030 to align with net zero.

The government is already working towards its commitment to reduce emissions in 2030 by at least
68% compared to 1990 levels through the UK’s latest Nationally Determined Contribution - the
highest reduction target made by a major economy to date. Today’s world-leading announcement
builds on this goal to achieve a 78% reduction by 2035.

The new target will become enshrined in law by the end of June 2021, with legislation setting out the
UK government’s commitments laid in Parliament tomorrow (Wednesday 21 April).

Prime Minister Boris Johnson said:

We want to continue to raise the bar on tackling climate change, and that’s why we’re
setting the most ambitious target to cut emissions in the world.

The UK will be home to pioneering businesses, new technologies and green innovation as
we make progress to net zero emissions, laying the foundations for decades of economic
growth in a way that creates thousands of jobs.

We want to see world leaders follow our lead and match our ambition in the run up to the
crucial climate summit COP26, as we will only build back greener and protect our planet if
we come together to take action.

Business and Energy Secretary Kwasi Kwarteng said:

The UK is leading the world in tackling climate change and today’s announcement means
our low carbon future is now in sight. The targets we’ve set ourselves in the sixth Carbon
Budget will see us go further and faster than any other major economy to achieve a
completely carbon neutral future.

This latest target shows the world that the UK is serious about protecting the health of our
planet, while also seizing the new economic opportunities it will bring and capitalising on
green technologies – yet another step as we build back greener from the pandemic and
we lead the world towards a cleaner, more prosperous future for this generation and those
to come.

The UK over-achieved against its first and second Carbon Budgets and is on track to outperform the
third Carbon Budget which ends in 2022. This is due to significant cuts in greenhouse gases across
the economy and industry, with the UK bringing emissions down 44% overall between 1990 and
2019, and two-thirds in the power sector.
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Moreover, the UK continues to break records in renewable electricity generation, which has more
than quadrupled since 2010 while low carbon electricity overall now gives us over 50% of our total
generation.

Prior to enshrining its net zero commitment in law, the UK had a target of reducing emissions by 80%
by 2050 – through today’s sixth Carbon Budget announcement, the government is aiming to achieve
almost the same level 15 years earlier.

Through its presidency of the crucial UN climate summit, COP26, which will take place in Glasgow
later this year, the UK is urging countries and companies around the world to join the UK in delivering
net zero globally by the middle of the century and set ambitious targets for cutting emissions by 2030.

COP26 President-Designate Alok Sharma, said:

This hugely positive step forward for the UK sets a gold standard for ambitious Paris-
aligned action that I urge others to keep pace with ahead of COP26 in Glasgow later this
year. We must collectively keep 1.5 degrees of warming in reach and the next decade is
the most critical period for us to change the perilous course we are currently on.

Long term targets must be backed up with credible delivery plans and setting this net zero
focused sixth Carbon Budget builds on the world leading legal framework in our Climate
Change Act. If we are to tackle the climate crisis and safeguard lives, livelihoods and
nature for future generations, others must follow the UK’s example.

The government has already laid the groundwork to end the UK’s contribution to climate change by
2050, starting with ambitious strategies that support polluting industries to decarbonise while growing
the economy and creating new, long-term green jobs.

This includes the publication of the Industrial Decarbonisation Strategy
(https://www.gov.uk/government/publications/industrial-decarbonisation-strategy), an ambitious blueprint for
the world’s first low carbon industrial sector, slashing emissions by two-thirds in just 15 years, as well
as over £1 billion government funding to cut emissions from industry, schools and hospitals.

Further, the UK is the first G7 country to agree a landmark North Sea Transition Deal
(https://www.gov.uk/government/publications/north-sea-transition-deal) to support the oil and gas industry’s
transition to clean, green energy while supporting 40,000 jobs. Through the deal, the sector has
committed to cut emissions by 50% by 2030, while the government, sector and trade unions will work
together over the next decade and beyond to deliver the skills, innovation and new infrastructure
required to decarbonise North Sea production.

Everyone needs to play a role in tackling climate change and bringing businesses and the public
along is vital to reach the UK’s climate change goals. Ahead of COP26, the government launched the
campaign, Together For Our Planet (https://together-for-our-planet.ukcop26.org/), calling on businesses,
civil society groups, schools and the British public to take action on climate change. This UK-wide
initiative contributed to last month’s milestone (https://www.gov.uk/government/news/third-of-uks-biggest-
companies-commit-to-net-zero) achievement of securing pledges from a third of the UK’s largest
businesses to eliminate their contribution to climate change by 2050.

Each of these leading measures to tackle climate change, alongside the Prime Minister’s 10 Point
Plan for a green industrial revolution (https://www.gov.uk/government/publications/the-ten-point-plan-for-a-
green-industrial-revolution/title) and the government’s Energy White Paper
(https://www.gov.uk/government/publications/energy-white-paper-powering-our-net-zero-future), will help the
UK’s trajectory towards meeting the new sixth Carbon Budget.
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The government will look to meet this reduction target through investing and capitalising on new
green technologies and innovation, whilst maintaining people’s freedom of choice, including on their
diet. That is why the government’s sixth Carbon Budget of 78% is based on its own analysis and
does not follow each of the Climate Change Committee’s specific policy recommendations.

The UK is bringing forward bold blueprints setting out its own vision for transitioning to a net zero
economy and how the government can support the public in transitioning to low carbon technologies,
including publishing the Heating and Building Strategy and Transport Decarbonisation Plan later this
Spring.

The cross-government Net Zero Strategy will also be published ahead of COP26, with Business
Secretary Kwasi Kwarteng currently commissioning work across Whitehall to help inform the
ambitious plans across key sectors of the economy.

Moreover, government analysis finds that costs of action on climate change are outweighed by the
significant benefits – reducing polluting emissions, as well as bringing fuel savings, improvements to
air quality and enhancing biodiversity. The government expects the costs of meeting net zero to
continue to fall as green technology advances, industries decarbonise and private sector investment
grows.

Reaching net zero will also be essential to sustainable long-term growth and therefore the health of
public finances, as well as open up new opportunities for the UK economy, jobs and trade – and the
government’s ambitious proposals are essential to seizing these opportunities.

HM Treasury will publish its Net Zero Review in the coming months setting out how government
plans to maximise economic growth opportunities from the net zero transition while ensuring
contributions are fair between consumers, businesses and the British taxpayer.

Chairman of the Committee on Climate Change Lord Deben said:

The UK’s sixth Carbon Budget is the product of the most comprehensive examination
ever undertaken of the path to a fully decarbonised economy. I am delighted that the
government has accepted my Committee’s recommendations in full.

CBI Chief Economist Rain Newton-Smith said:

Setting the sixth Carbon Budget in line with the Climate Change Committee
recommendations puts the UK on a credible path to achieve its net zero emissions target.

As COP26 hosts, the UK government is leading by example by setting this stretching
target. Business stands ready to deliver with the latest low-carbon technologies and
innovations that are driving emissions down every year. By tackling this together, we can
reap the benefits of transition to a low-carbon economy.

The target emphasises the importance of the 2020s as a decade of delivery on our
climate ambitions, and urgent action is needed now to make this a reality.

Executive Director of Green Alliance Shaun Spiers said:

By accepting the Climate Change Committee’s recommendations for the sixth Carbon
Budget, the government has sent out a resounding message, domestically and
internationally, that the UK is taking its net zero emissions target seriously. The inclusion
of international aviation and shipping is particularly important, showing climate leadership
in the year we are hosting the Glasgow climate summit. What we need now is to ensure
there is no gap between ambition and policy, so the UK has the right tools in its armoury
to meet these targets.
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Executive Director of the Aldersgate Group Nick Molho said:

The government should be commended for adopting the ambitious and evidence-based
recommendations from the Climate Change Committee for the sixth Carbon Budget. The
emission cuts set out in the Budget represent essential next steps the UK needs to take to
ensure a credible, cost-effective, and timely pathway to net zero emissions by 2050. The
inclusion of the UK’s share of international aviation and shipping emissions is a
particularly welcome addition and will help to accelerate the development of sector-
specific decarbonisation plans.

Focus must now turn to strengthening the UK’s policy framework to meet this new target,
by putting in place a detailed and cross-departmental net zero strategy that will drive
private investment in low carbon goods and services, supply chains, jobs and skills.

The UK is the first country to enter legally binding long-term carbon budgets into legislation, first
introduced as part of the 2008 Climate Change Act. Since then, 5 carbon budgets have been put into
law putting the UK on track to meet our ambitious goal to eliminate our contribution to climate change
by 2050 and achieve net zero emissions.  

Notes to editors 

The sixth Carbon Budget will commit us in law to the fastest fall in greenhouse gas emissions of
any major economy between 1990 and 2035, making it one of the most ambitious climate
targets in the world
on 9 December, the Climate Change Committee (CCC) published its advice on the level at
which to set Carbon Budget 6 (CB6), covering 2033 to 2037. The CCC recommended that CB6
should be set at 965 MtCO2e, reducing emissions 78% from 1990 to 2035 (including
international aviation and shipping emissions)
the government is laying legislation on 21 April to set the budget at the level recommended by
the CCC. This is a highly ambitious target for the mid-2030s – close to the UK’s previous 2050
target (an 80% reduction on 1990) just 2 years ago and consistent with the Paris Agreement
temperature goal to limit global warming to well below 2°C and pursue efforts towards 1.5°C
setting CB6 is about the government’s ambition to cut emissions, rather than announcing
specific policies that will deliver that reduction in emissions. We will bring forward policies to
meet carbon budgets, and the Net Zero Strategy, to be published before COP26, will set out our
vision for transitioning to a net zero economy
CB6 includes emissions from International Aviation and Shipping (IAS) for the first
time. Previous carbon budgets have formally excluded these emissions, instead leaving
‘headroom’ for them. However, IAS emissions were included in the CCC’s advice, and are
included in our 2050 net zero target, which was set on a whole economy basis
the CCC also recommended in December 2020 that the UK government set a Nationally
Determined Contribution (NDC) of at least 68% (excluding International Aviation and Shipping
emissions) by 2030. The government accepted this advice and communicated its NDC
(https://www.gov.uk/government/news/uk-sets-ambitious-new-climate-target-ahead-of-un-summit) to the
UNFCCC on 12 December. Carbon Budget 6 continues the ambitious trajectory recommended
by the CCC through the 2030s
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following the CCC’s recommended budget level does not mean we are following their specific
policy recommendations. Our published analysis is based on the government’s own
assumptions and does not, for example, assume the CCC’s change in people’s diet. Ahead of
COP26, we will be setting out our own vision for net zero, and ambitious plans across key
sectors of the economy to meet carbon budgets

Published 20 April 2021
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As one of the most challenging environmental 

issues, the effects of GHG emissions are integral 

to the understanding of a project’s impact and 

need to be factored into the decision making 

process accordingly. At the same time a focus 
on proportionate assessment is also important 
in avoiding undue burden to developers and 

regulators. It is widely recognised that EIA should 

focus on a project’s significant impacts and this 

guide is predicated on all assessments being 

proportional to the scientific evidence available.  

A ‘good practice’ approach is therefore advocated 
where GHG emissions are always considered 
and reported but at varying degrees of detail 
depending on the EIA project. This is important to 

build up sufficient knowledge and understanding of 

how to effectively assess GHG emissions.  

The sections which follow cover in two to three 

pages scoping, baseline, methodology, significance 

and mitigation for an assessment of greenhouse gas 

emissions.  Finally, section 7 looks at how best to 

communicate the assessment within an Environmental 

Statement / EIA Report. 

The scope of this guide is presented graphically  

in Figure 1.

1 Introduction

1.1 The aim of this guidance 

The aim of this guidance is to assist practitioners 

with addressing greenhouse gas (GHG) emissions 

assessment and mitigation in statutory and non-

statutory Environmental Impact Assessment 

(EIA). It complements IEMA’s earlier guide on 

Climate Change Resilience and Adaptation 

and builds on the Climate Change Mitigation 

and EIA overarching principles (see Box 1). The 

requirement to consider this topic has resulted 

from the 2014 amendment to the EIA Directive.  

Through a working group facilitated by Arup on 

behalf of IEMA, this guidance has been prepared 

to assist EIA practitioners to take an informed 

approach to the treatment of GHG emissions 

within an EIA. It sets out areas for consideration 

at all stages of the assessment and offers options 

that can be explored.  It highlights some of the 

challenges to the assessment such as establishing 

study boundaries and what constitutes significance.  

Nevertheless, this guidance is not a prescriptive ‘how 

to’ guide and will be updated once the process of 

incorporating GHG assessment in EIA matures. 

Box 1: IEMA’s overarching principles 

on Climate Change Mitigation & EIA

The GHG emissions from all projects will 

contribute to climate change; the largest inter-

related cumulative environmental effect;

The consequences of a changing climate 

have the potential to lead to significant 

environmental effects on all topics in the EIA 

Directive – e.g. population, fauna, soil etc.;

The UK has legally binding GHG reduction 

targets – EIA must therefore give due 

consideration to how a project will contribute 

to the achievement of these targets; 

GHG emissions have a combined environmental 

effect that is approaching a scientifically 

defined environmental limit, as such any 

GHG emissions or reductions from a project 

might be considered to be significant; and

The EIA process should, at an early stage, 

influence the location and design of projects 

to optimise GHG performance and limit 

likely contribution to GHG emissions; 
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1.2 EIA and project linkage

EIA should not be undertaken in a silo to avoid an 

accounting exercise rather than realising the full 

potential of GHG emissions reduction opportunity. 

This can be addressed by delivering EIA in close 

cooperation with the project design team. 

Early stakeholder engagement is key to maximising 

the mitigation measures that can be implemented 

to offset the GHG emissions of a proposed project 

(as shown in Figure 1). Carbon savings are likely to 

be greater if mitigation is considered from project 

inception because the potential GHG emissions 

impact can be investigated at all aspects of the 

planning, construction and operation stages; 

enabling mitigation measures to be identified and 

implemented throughout the life cycle of the project. 

The interaction between the design process and 

EIA process is underpinned by four key principles:

1. Early, effective and ongoing interaction;

2. Appropriate stakeholder engagement;

3. Consenting risk is managed; and

4. A clear narrative.

For further detail on these principles and ensuring 

that carbon mitigation measures are ‘built in’ rather 

than ‘bolted on’ at a later stage, refer to IEMA’s 

EIA guide on Shaping Quality Development1.

The need to ensure that carbon mitigation 

measures are implemented does not end at the 

pre-application EIA stage, and extends to once 

consent has been granted for a project. In order to 

ensure that carbon mitigation measures are carried 

forward the development of an Environmental 

Management Plans (EMP) should be seen as the 

primary mechanism. For further information refer to 

IEMA’s EIA guide to Delivering Quality Development2.

1.  IEMA (2015), Environmental Impact Assessment Guide to Shaping Quality Development.

2.  IEMA (2016), Environmental Impact Assessment Guide to Delivering Quality Development.
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• Screening establishes whether 
or not an ElA is required for 
‘Annex II’ developments 

• ‘Annex I’ developments by 
definition require an EIA 

• Where an EIA is to be undertaken based 
on other factors. It is envisaged that the 
assessment would include greenhouse 
gas emissions at the scoping stage 
as a matter of good practice. 

• Engage with local planning 
authorities and clients

• Consider the nature of the project 
- what is the project’s purpose?

• Identify key contributing GHG 
sources or activities where possible

• Establish the scope and methodology 
of the GHG assessment 

• Establish the ‘current’ and ‘future’ 
baseline GHG emissions 

• Set out the goal and scope of the study 

• Set boundaries

• Decide upon calculation methodology 

• Inventory data

• Considerer alternative scenarios 

• Embedding mitigation measures 
into project design

• Mitigation should be considered as 
early as possible in accordance with the 
hierarchy for managing project related 
GHG emissions. (1) Avoid, (2) Reduce, 
(3) Substitute and (4) Compensate 

• How should the GHG topic be 
reported in with wider EIA process? 

• Is it a separate topic/chapter or 
can elements be integrated into 
relevant ‘conventional’ topics? 

Screening 
Process

EIA Required?

Scoping 
the EIA

GHG 
Assessment 
Required?

Identify GHG 
Concerns

Carrying 
out the  
Impact 

Assessment

Define  
Baseline

Complete 
Assessment

Significance 
and 

Mitigation

Are Emissions 
Significant?

Develop 
Mitigation

Reporting Communicate 
Findings

FIGURE 1: Scope of this guide

Liaison with 
designers / 
engineers

Early 
mitigation 

opportunity

Final 
opportunity 

following 
public 

consultation

Secondary 
opportunity 

following 
more detailed 

design
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2 Screening

The purpose of screening is to establish whether or 

not an EIA is required for ‘Annex II’ developments 

(Annex I development by definition requires an EIA). 

The 2014 amendments to the EIA Directive (2011/92/

EU as amended by 2014/52/EU) require specific 

information such as a description of likely significant 

effects of the project at the screening stage.

Applying screening criteria (Schedule 3) and taking 

account of existing environmental conditions 

and the nature of a proposed project will allow a 

judgement to be made on whether there is potential 

for likely significant environmental effects to arise 

which may trigger the need for an EIA. Occasionally, 

this may apply to only a very limited number of 

topics, for example in a sensitive location for a 

relatively small scale project. Generally however, 

where an EIA is required it is customary for there 

to be several topics that require assessment. As the 

assessment of most topic areas is well established 

(ecology, water, heritage etc.), it is usually clear 

cut which topics trigger the need for EIA.

This contrasts with GHG emissions. This is a 

developing area of impact assessment with limited 

project examples and experience to draw from. For 

the purposes of screening it is therefore considered 

good practice to always consider whether the impact 

of GHG emissions is likely to be significantly enough 

to trigger EIA, and to also highlight any proposed 

mitigation measures that the developer has agreed to.
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3 Scoping

3.1 Introduction 

A good practice approach to EIA will see GHG 

emissions scoped into the assessment and 

thus estimated, reported and mitigated as part 

of the project’s undertakings. This approach 

should follow for all projects regardless of 

whether there is a net increase or decrease 

in GHG emissions relating to the works.  

During scoping it is also important to set out in 

principle the methodological approach that will 

be taken to addressing project GHG emissions. 

This means documenting in outline aspects such 

as baseline setting, assessment approach, how 

significance will be determined and strategies for 

mitigation. These are commonly recorded in a 

project scoping report and this can form a useful 

first record of the approach to delivering the GHG 

emissions assessment. Each of these steps for 

the EIA are addressed in the following Sections 

and should be consulted for further detail.   

In selecting or developing an approach for project 

EIA GHG emissions assessment, the aim should 

be to deliver a robust, appropriate and consistent 

assessment. Good practice to this starts with a 

framework of five basic steps that a GHG emissions 

assessment should always incorporate:

1. Define goal and scope of GHG 

emissions assessment;

2. Set study boundaries;

3. Decide upon assessment methodology;

4. Collect the necessary calculation data; and

5. Calculate/determine the GHG emission inventory. 

Section 5 explores these steps in more detail.

3.2 Stakeholder engagement

Stakeholder engagement is an important part of 

undertaking an EIA, especially during scoping. 

It will provide useful information and support 

the goals the GHG emissions assessment. 

Stakeholder engagement will provide the practitioner 

better contextual understanding of the project 

including on key issues, opportunities, constraints and 

information pertinent to the assessment. Stakeholders 

will include clients and statutory consultees3 who 

all have an interest and influence on the project. 

Box 2 lists a series of questions the practitioner 

should be seeking to answer during stakeholder 

engagement as part of project scoping.

3.  The UK’s Government website includes a sections on Planning practice guidance including a list of statutory consultees: https://goo.gl/9ZvAI3
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Depending on the project, GHG emissions may be a 

key topic to be discussed during public consultation. 

Initial consultation with the project team and wider 

EIA topic specialists may also reveal parallel activities 

where input from the GHG assessment would be 

beneficial. For example, clients may wish to report on 

the sustainability performance of their projects through 

the use of assessment schemes such as CEEQUAL 

or BREEAM. Being able to report on the project’s 

GHG performance will help with such assessments. 

Other project management decisions may include 

the desire to manage the project in an integrated 

manner, combining 3D models with performance data 

(including environmental data) such as BIM models.

 

3.3 Benefits and challenges of raising 
GHG emissions as part of project scoping

By going through the scoping process the GHG 

practitioner gains an early and informed understanding 

of the project’s impact and potential sources of GHG 

emissions. This provides an opportunity to influence and 

even mitigate GHG emissions early in the design process 

as well as consider emissions from alterative options.

The challenge at scoping is that there is often 

limited information available from the design 

team at this early stage resulting in a qualitative-

based decision and professional judgment from 

the practitioner. Nevertheless, the practitioner, by 

engaging with key stakeholders, should be able 

to define the boundaries of the GHG assessment 

(see Section 5.4) as well as start to form a view of 

where the majority of emissions are likely to arise 

from and appropriate mitigation strategies. 

Where the competent authority (e.g. LPA) provides 

a scoping opinion, the subsequent Environmental 

Statement must be ‘based on’ the expectations set out in 

the opinion, including any reference to GHG assessment.

Box 2 Questions to consider during 

stakeholder engagement to support GHG 

emissions assessment and mitigation 

• Is the client and their delivery 

team considering GHG emissions 

as part of the design?

• Has GHG emissions mitigation 

formed part of the project brief?

• Has a GHG emissions assessment 

already been done?

• Will the project deliver a net benefit 

in terms of GHG emissions?

• What project alternatives have been 

considered to measure against?

• Where are the majority of GHG emissions 

most likely to arise (site preparation, 

construction, operating the asset, using 

the asset, or decommissioning etc.)?

• What is the scale of construction, 

the size of the supply chain, the 

energy and GHG emissions profile 

of the materials that will be used?

• What operational and use profile will the 

project have regarding materials and 

energy demand and waste generation?

• What are the international, national and 

sectorial level legislation, policy or good 

practice on climate change and GHG 

emissions relevant to the project? 

• Are there relevant sector-specific 

GHG strategies and targets that 

should be recognised by the EIA 

in addressing GHG emissions?
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4 Baseline

4.2 Definition and aim

Baseline is the reference point against which the 

impact of a new project can be compared against, 

and is sometimes referred to as business as usual 

(BaU) where assumptions are made on current and 

future GHG emissions. Baseline can be in the form of: 

A. GHG emissions within the agreed physical 

and temporal boundary of a project but 

without the proposed project; or

B. GHG emissions arising from an alternative 

project design and assumptions.

The ultimate goal from establishing a baseline 

is being able to assess and report the net 

GHG impact of the proposed project.

4.2 Boundary setting

All existing sources and removals of GHG emission 

prior to project construction and operation (i.e. 

without development) should be identified and clearly 

described. The boundary of baseline GHG emissions 

should consider the physical boundary (e.g. the 

project boundary line around a site), its geographical 

location (local, regional or national scale project), 

and temporal boundary (future baselines associated 

with operational emissions over an agreed period).

Some projects may lead directly or indirectly 

to avoided GHG emissions outside the 

project EIA boundary. In this instance care 

should be taken to describe the nature of the 

avoided emissions and potential reliance on 

any external factors to come to fruition. 

For further detail on boundary setting see Section 

5.5 in the Assessment Methodology chapter.

4.2.1 Current baseline

Current baseline represents existing GHG 

emissions from the project boundary site 

prior to construction and operation of the 

project under consideration. This may include 

emissions from existing projects (e.g. energy 

consumption from a building which is scheduled 

for refurbishment, demolition or replacement) 

and infrastructure (e.g. current operational and 

use emissions of a road due to be upgraded). 

It may not always be possible to report on current 

baseline emissions, particularly with projects 

situated in areas with no physical development or 

activity. In this instance there would be zero GHG 

emissions to report, although particular attention 

should be paid where changes in land use are 

expected. For example, woodland areas or peat 

bogs sequester carbon over their lifetime and 

therefore make a contribution to CC mitigation. 

Their disturbance or removal through construction 

will release previously sequestered GHG emissions.  

Other approaches to developing the current baseline 

are emerging that follow a baseline scenario, which 

is a projection that the project’s GHG emissions are 

compared to. Further information on this approach 

can be found in the GHG protocol for Projects (see 

Chapter 6: Selecting a Baseline Procedure - http://

ghgprotocol.org/project-protocol). An example of 

such a GHG baseline can also be found here -  

https://www.forestry.gov.uk/forestry/infd-8jes7v#what
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4.2.2 Future baseline

Future baseline should capture both operational and 

use GHG emissions irrespective of their source (i.e. 

direct and indirect emissions). The distinction between 

operation and use GHG emissions is important. For 

example, an existing motorway will have operational 

emissions (i.e. lighting, maintenance, upgrades) as 

well as in-use emissions associated with vehicles 

travelling along the route. Current baseline travel 

patterns would have to be assessed as well as how 

these might change in the near future (changes 

in mode share, increased efficiency in vehicles 

and trip numbers for example). With regards to 

energy supply and demand (e.g. electricity use in a 

commercial building), future baseline should report 

on operational GHG emissions and how these may 

change over time (based on occupancy changes, 

UK grid decarbonisation projection scenarios 

or the adoption of renewables for example). 

Box 3 lists potential sources of information 

which can be considered when establishing 

future baseline emissions. 

 
 

4.2.3 Alternative baselines

Alternative baselines may be based on a different 

location, design, layout, operation or even size of 

the proposed project. A detailed GHG assessment of 

alternative baselines is not an EIA requirement, and 

in many instances alternatives may not have been 

considered by the developer. Ideally, alternatives 

would have been considered earlier in the project 

life cycle, and the EIA is viewed as the platform 

for improving the preferred design. Nevertheless, 

where alternative baselines were considered, even 

a qualitative assessment of their GHG impact would 

be acceptable as part of the overall assessment. 

Box 3 Potential sources of information 

on GHG and energy projections (see 

Appendix A for further details) 

• Committee on Climate Change 

(CCC) – The Fifth Carbon Budget4  

• The Department for Business, Energy & 

Industrial Strategy (previously DECC)5/6

• UK greenhouse gas emissions statistics

• The Department for Transport (DfT) 

WebTAG (the Transport Analysis 

Guidance) – Data Book7 

• The Green Construction 

Board – Infrastructure Carbon 

Review, Technical Report8 

4.  https://goo.gl/79MYvQ

5. https://goo.gl/6aNsnv | https://goo.gl/zgQx0D

6.  https://goo.gl/jsQKZz

7.  https://goo.gl/R1ypT9

8.  https://goo.gl/icZxRQ
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5 GHG emissions    
 assessment
 methodology

5.1 Introduction

There are many different assessment methods 

available for measuring and quantifying the GHG 

emissions associated with the built environment. These 

range from general guidance to formal standards and 

many will be appropriate for use in EIA depending on 

the goals and scope of the assessment required. A 

list of relevant methods can be found in Appendix B. 

Two key examples particularly suited to EIA include: 

• PAS 2080:2016 Carbon management in 

infrastructure9 which has been developed to 

enable a consistent approach to the managed 

reduction of GHG emissions associated with 

economic infrastructure by construction 

industry stakeholders including clients, 

designers, constructors and material suppliers.

• BS EN 15978:2011 Sustainability of construction 

works, Assessment of environmental performance 

of buildings, Calculation method10 which has 

been developed by CEN to enable a consistent 

approach to the environmental assessment 

of buildings including GHG emissions. 

Given the wide variation of working situations 

and the particular aims and objectives of the EIA 

process this guidance does not recommend a 

particular approach, rather it sets out advice for 

the key common components necessary for 

undertaking a GHG emissions assessment.

5.2 GHG assessment and proportionality

GHG emissions should be assessed and reported as 

part of a good practice approach to EIA. This aligns 

with IEMA’s overarching-principles11; that all GHG 

emissions will contribute to climate change and 

thus might be considered significant, irrespective of 

whether this is an increase or decrease in emissions. 

Projects will vary by type and size, and so will GHG 

emissions. An effective scoping exercise ensures 

that a balance is struck between the amount of 

GHG emissions emitted by the project and the 

effort committed to the actual GHG assessment. 

For example, if the majority of impacts occur during 

a project’s construction phase and that operational 

impacts are negligible, then the GHG assessment 

can reflect this. A high-level or qualitative GHG 

assessment for certain project elements or activities 

can be carried out as long as it is justified and agreed 

during the scoping stage with stakeholders. This will 

help contribute towards delivering proportional EIAs. 

It should also be recognised that qualitative 
assessments are acceptable, for example: 
where data is unavailable or where mitigation 
measures are agreed early on in the design 
phase with design and engineering teams.

9.  PAS 2080:2016, Carbon management in infrastructure, BSI

10.  BS EN 15978:2011, Sustainability of construction works. Assessment of environmental performance of buildings. Calculation method, BSI

11.  IEMA (2010), IEMA Principles Series: Climate Change Mitigation & EIA.
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5.3 Steps of GHG emissions assessment

In selecting or developing an approach for project 

EIA GHG emissions assessment, the aim should 

be to deliver a robust, appropriate and consistent 

assessment. Good practice to this starts with a 

framework of five basic steps that a GHG emissions 

assessment should always incorporate:

1. Define goal and scope of GHG 

emissions assessment;

2. Set study boundaries;

3. Decide upon assessment methodology;

4. Collect the necessary calculation data; and

5. Calculate/determine the GHG emission inventory. 

The following sections explore these aspects in more detail.

5.4 Define goal and scope

In the first instance an EIA GHG emissions 

assessment should set out a study goal 

and scope. This will normally incorporate 

a range of different aspects including:

• The goal of the GHG emissions calculation; 

• Description of the system (i.e. built 

environment asset/development etc.) 

that is the subject of the assessment;

• The function of the system (i.e. its 

performance characteristics);

• The system boundary to be applied; 

• Allocation procedures (where used) 

for apportioning GHG emissions;  

• The calculation methodology to be applied; 

How GHG emissions information will be 

interpreted and used in decision-making 

including how it should be used to inform; 

• Mitigation response; 

• Significance of impact of emissions;

• Communicating and reporting GHG 

emission impact within EIA;

• Data quality requirements;

• Assumptions, limitations and constraints; and

• The study review process, ensuring 

it is appropriate and proportionate to 

the intended use of the study.

5.4.1 Scoping the boundaries of 
the GHG emissions assessment

It should be understood that scoping in the context 

of undertaking a GHG emissions assessment is the 

task of identifying what is included and excluded 

from the study. It is separate and different from the 

scoping stage of an EIA where the environmental 

topics are included or excluded from the EIA. 

The scoping exercise of the GHG emissions 

assessment will consider aspects like which life 

cycle stages to include, whether there should 

be a focus on asset construction or operation, if 

there are specific elements of the supply chain 

that must be included, and what an appropriate 

boundary condition or cut off point might be 

to excluding aspects from the assessment.
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5.5 Study boundaries

EIAs should apply system boundaries, use data that 

is consistent with, and report, using the modular 

approach (Figure 3). A detailed and complete GHG 

emissions assessment typically covers all life cycle 

modules including A, B and C with module D seen 

as optional. As described under Section 5.2, 

projects will vary in size and hence so will the 

scale of GHG assessments in the spirit of delivering 

proportionate EIAs. Certain life cycle modules 

(or stages) can be excluded as long as these 

exclusions are justified by the practitioner using 

professional judgement. One would expect that 

direct GHG emissions from a project’s use and/ 

or operation would be reported at a minimum.

DEVELOPING / BUILDING  
INFRASTRUCTURE / ASSET LIFE CYCLE

BEYOND ASSET 
LIFE CYCLE

BEFORE  
USE STAGE
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USE  
STAGE

Use  
Stage

END OF  
LIFE STAGE

End of  
Life Stage

Benefits and 
Loads Beyond the 
System Boundary

Life Cycle module Reference 

FIGURE 3: Modular approach of life cycle stages and 

modules for EIA GHG emissions assessment; the 

module references are widely used in construction 

GHG emissions assessment and reduction activities.  

The figure provides a simplified presentation of the 

modular approach that can be used for boundary 

definition and the gathering and reporting of 

information associated with the assessment.  

A more detailed presentation of this structure 

can be found in PAS 2080 and BS EN 15978.
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5.5.1 Inclusions

The study system boundary should reflect 

the system under study including its physical 

scope and life cycle stages relevant to the 

goal and scope of the assessment. 

5.5.2 Cut off rules (exclusions)

Activities that do not significantly change the 

result of the quantification can be excluded 

however the total excluded input or output 

flows per module would generally be expected 

to be a maximum of 5% of energy usage and 

mass. All inputs and outputs to a process for 

which data are available should be included.

5.5.3 Study period  
(the life cycle period that should be studied)

A reference study period shall be chosen as the basis 

for the GHG emissions assessment and this should be 

based on the expected service life of the construction 

asset. Guidance is available in ISO 15686-1.  

5.6 Calculation data

To undertake a calculated GHG emissions 

assessment for an EIA it will be necessary to 

gather data on the activities occurring and the 

GHG emissions factors for these activities, for the 

system under study. It is important that data for 

both these aspects, and particularly the activity 

data, is specific to the system under study.

5.6.1 Study system activity data

Activity data consists of information that defines 

and describes the size, magnitude and physical 

nature of the system under study. It will take many 

different forms and can consist of information 

covering materials quantity, energy and water 

demand, waste generation, transportation distances 

and modes, works techniques/technologies, etc.

5.6.2 GHG emission factors

GHG emission factors are a value for ‘GHG 

emissions per unit of activity’. Examples of this are:

• HGV: 0.13 kg CO
2
e / t.km 

• UK electricity grid: 0.41 kg CO
2
e / kWh

• Concrete: X kg CO
2
e / tonne

GHG emission factors vary in their scope and coverage 

and will be representative of a single process/activity 

or multiple of these, sometimes incorporating 

multiple life cycle stages. Care should be taken to 

select the right factors for the system under study. 

When undertaking a study it is often necessary to 

apply multiple GHG factors for the same activity 

particularly when the assessment is studying a 

life cycle with a long time period. This may be 

appropriate when future GHG emissions for that 

activity are expected to change; this might occur 

for example when accounting for a reduction 

in GHG emissions associated with a national 

electricity grid and the benefit this brings to demand 

side GHG emissions of using electric trains.

For examples of sources of GHG 

factors refer to Appendix A.
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5.6.3 Data quality

Data of appropriate quality to satisfy the goal 

and scope of the EIA should be used and this 

means defining expectations in terms of: 

• Age; 

• Geography;

• Technology mix represented by data;

• Methodology applied to gather 

or calculate the data; and

• Competency of entity that developed the data.

5.6.4 Types of data 

The type of data used by the GHG practitioner will vary 

depending on how detailed the project design is. Most 

EIAs are based on design-stage information, hence 

activity data specific to the project should in theory be 

available from the engineering and design teams. If this 

is not the case, an alternative approach would be to 

fall back on generic or publically available information 

that best represents the project and its activities. 

 

5.7 GHG emissions calculation method

Quantification of the GHG emissions for an EIA 

may be associated with either a measured or 

calculated approach or a combination of both for the 

emissions associated with the project. It is expected 

that in almost all cases a calculated approach for 

quantifying GHG emissions will be taken because 

an EIA is completed in advance of supply chain 

mobilisation and associated construction works.

When undertaking a quantification calculation 

the formula for determining a GHG emission (or 

removal value), associated with the construction 

works, should have the following structure:

GHG emission factor × Activity data 
= GHG emission or removal

Calculations may be taken at different scales 

reflecting specific activities, components or elements 

of construction. Therefore individual calculations 

should be summed to form a GHG emissions 

inventory for the quantification as a whole. 

5.8 Study uncertainty 

Uncertainty can arise from quality of data, study 

boundaries and period of assessment etc. and 

can never be eliminated from a study. Uncertainty 

should be considered and if it significantly affects 

the outcome of the study, additional steps should be 

taken to reduce it and provide confidence in results. 

Uncertainty can be considered by:

• Testing upper and lower limits;

• Testing for different inclusions and exclusions; and

• Modify study period.

If the scale of uncertainty provides findings that 

are likely to change any decision based on the 

data then it should be appropriately reduced. 
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6 Significance  
 and Mitigation

6.1 All GHG emissions are significant

IEMA principles on climate change mitigation and 

EIA identify climate change as one of the defining 

environmental policy drivers of the future and 

that action to address GHG emissions is essential. 

Specifically three over-arching principles are 

particularly relevant to considering the aspect of 

significance12: 

“The GHG emissions from all projects will 

contribute to climate change; the largest inter-

related cumulative environmental effect.” 

“The consequences of a changing climate 

have the potential to lead to significant 

environmental effects on all topics in the EIA 

Directive – e.g. Population, Fauna, Soil, etc.”

“GHG emissions have a combined environmental 

effect that is approaching a scientifically defined 

environmental limit, as such any GHG emissions or 

reductions from a project might be considered to be 

significant.”13 

 

The thread through these principles is that 1) all 

projects create GHG emissions that contribute 

to climate change; 2) climate change has the 

potential to lead to significant environmental 

effects; and 3) there is a GHG emission budget14 

that defines a level of dangerous climate 

change whereby any GHG emission within that 

budget can be considered as significant. 

Therefore in the absence of any significance criteria 

or a defined threshold, it might be considered 

that all GHG emissions are significant and an 

EIA should ensure the project addresses their 

occurrence by taking mitigating action15.  

Whilst there is no single preferred method to evaluate 

significance, extensive research is being undertaken 

to explore significance, thresholds for GHG emission 

assessments, and science-based targets. Box 4 

provides further information on recent findings.

12.  IEMA (2010) Climate Change Mitigation & EIA 

13.  The third principle is related to the IPCC carbon budget definition which states that to remain below a 2oC threshold  
 (the level defined as dangerous climate change impacts), global GHG emissions must remain within 1000 billion tonnes.

14. IPCC 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the   
 Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp.

15.  Notwithstanding this EIA traditionally works on the principle of significance and Appendix     
 C provides guidance on considering the significance of GHG emissions.
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Box 4: Targets based on scientific projections

Science-based targets are defined as GHG 

reduction targets which have been created based 

on scientific projections and global carbon budgets. 

These targets aim to mitigate the greatest effects of 

climate change by limiting GHG emissions within 

a certain cumulative threshold. This threshold has 

been defined by the IPCC, as a carbon budget 

equivalent to a maximum increase in global 

temperature of 2oC from pre-industrial levels.

There is currently little evidence of these science-

based targets being used in the UK’s development 

consent system, or related EIA process, to assess 

a project’s significance. However, this quantitative 

approach provides a good indicator of significance 

and could be used in EIA to calculate a project’s 

carbon budget. This budget can then be compared 

against an existing carbon budget (global, national, 

sectoral, regional, or local - as available), to identify 

the percentage impact the project will contribute 

to climate change. Consequently, the greater the 

project’s carbon budget, the greater its significance. 

A review of the literature has identified a 

number of different methods which can be 

used to allocate a project’s carbon budget; 

a list of some of these is provided below:

• Grandfathering;

• Carbon Space;

• Contraction and Convergence;

• Blended sharing; and

• Common but Differentiated Convergence.

Due to the inconsistencies between the 

different methods and their assumptions for 

assessment; there is not one single agreed 

method by which to assess a project’s carbon 

budget. Therefore a review of these methods 

should be undertaken, to identify which method 

can best represent a project’s potential carbon 

footprint. The applicability of the method will be 

dependent on the type and scale of the project. 

For further detail on significance and 

project examples refer to Appendix C. 
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6.2 Contextualising a project’s 
carbon footprint

Under the principle that all GHG emissions might be 

considered significant, and the ongoing research of 

how to actually measure significance, it is down to 

the practitioner’s professional judgement on how 

best to contextualise a project’s GHG impact. 

Generating a project’s carbon contribution, will enable 

the impact of your project, to be contextualised 

against sectoral, local or national carbon budgets. This 

will provide the practitioner and the LPA with a sense 

of scale. For example the Green Construction Board16 

has calculated carbon budgets for each of the UK 

built environment sectors (non-domestic buildings, 

domestic buildings, construction and operation). 

Similarly the Committee on Climate Change17  

(CCC) has determined a UK wide carbon budget 

broken down by the following key sectors: power 

generation, industrial production/ manufacturing, 

buildings, transport, agriculture and land use change. 

The good practice approach included in Figure 4 

below provides an example of how to contextualise 

your project’s carbon footprint against pre-determined 

carbon budgets. This guidance does not include 

an exhaustive list of existing carbon budgets and 

therefore research should be undertaken to identify 

the best budget to compare with your project.

16.  The Green Construction Board – the Low Carbon Routemap for the Built Environment: https://goo.gl/g3lOM6

17.   Committee on Climate Change (2015) The Fifth Carbon Budget – The next step towards a low-carbon economy.

Sector-based
i.e Rail in UK

Local
i.e Compared 
against local 

authorises budgets

National  
i.e Compared 

against UK 
wide budgets

Project’s Carbon Footprint

FIGURE 4: Good practice approach for contextualising a project’s carbon budget
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6.3 Mitigating GHG emissions

Carbon mitigation can best be achieved by taking 

a planned and focused approach following the 

principles of a carbon management hierarchy. There 

are many different variations on this theme covered 

in literature with the commonality that they set 

out a graded structure of interventions with more 

favourable options presented over others. Such 

structures typically start with first avoiding or reducing 

emissions where practical, before suggesting offset 

or sequester strategies beyond this. Depending on 

the project and contextual setting, the practical 

outcomes of this can be many and diverse. Although 

not set out in a hierarchy BS EN 14064: 201218 on 

GHG quantification and reporting provides an example 

list of carbon mitigation interventions such as;

• Energy demand and use management;

• Energy efficiency;

• Technology or process improvements;

• GHG capture and storage in, 

typically, a GHG reservoir;

• Management of transport and travel demands;

• Fuel switching or substation; and 

• Afforestation. 

For EIA GHG emissions mitigation, PAS 2080 also 

provides a useful structure for working through and 

identifying potential opportunities and interventions. 

The IEMA GHG hierarchy19 provides a similar 

structure set out as avoid, reduce, substitute and 

compensate. A variation of these steps is set out 

below and can be followed by the GHG emissions 

practitioner in the EIA to identify opportunities 

that direct GHG mitigation action for a project.

1. Do not build: evaluate the basic need for the 

project and explore alternative approaches 

to achieve the desired outcome/s. 

2. Build less: realise potential for re-using and/

or refurbishing existing assets to reduce the 

extent of new construction required.

3. Design clever: apply low carbon solutions 

(including technologies, materials and 

products) to minimise resource consumption 

during the construction, operation, user’s 

use of the project, and at end-of-life.

4. Construct efficiently: use techniques (e.g. during 

construction and operation) that reduce resource 

consumption over the life cycle of the project.

5. Offset and sequester: as a complimentary 

strategy to the above, adopt off-site or 

on-site means to offset and/or sequester 

GHG emissions to compensate for GHG 

emissions arising from the project. 

18.  BS EN ISO 14061-1: 2012 Greenhouse gases – Part 1: specification with guidance at the organizational level for quantification and reporting of   
 greenhouse gas emissions and removals. 

19.  IEMA (2014) Position Statement on Climate Change and Energy https://goo.gl/P9F14p
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7 Communication/     
 Reporting

When reporting on GHG emissions assessment in EIA 

the text should conform to Schedule 4: Information 

for inclusion in environmental statements, of the 

EIA regulations20 document. The GHG emissions 

assessment should form part of an integrated 

assessment on climate change impacts and can 

be presented as a standalone climate change 

chapter within an EIA or supporting technical 

appendix. GHG emissions should not be treated as 

a sub-category of an EIA’s consideration of other 

environmental effects of climate change if it is to be 

considered and assessed through the EIA process. 

The effects of potential future climate change 

based on the net GHG impact from a proposed 

project are likely to be interrelated to other key 

EIA topics. To ensure consistency is provided 

throughout the Environmental Statement / EIA 

Report the GHG team will need to liaise with other 

key EIA topics including (but not limited to):

• Logistics/Transport (based on TA); 

• Waste management (cover 

construction and demolition);

• Noise/vibration (construction/hours of work/

fuel uses, list of plant/energy use); and

• Air quality (Carbon capture).

Consistent reporting of GHG emissions in EIA will 

highlight the importance of accounting for carbon 

emissions from project inception. It will encourage 

both clients and engineers to consider the impacts 

of GHG emissions during early design stage.  At the 

same time it is suggested that a brief introduction 

to climate change and the role of GHG emissions 

as a contributing factor is included in the GHG 

assessment EIA chapter. This will help explain the 

interrelationship between GHG emissions and 

climate change with other relevant topics to the 

readers. This may further be supported with relevant 

links to documents and information on the topic.

When reporting on GHG emissions and 

mitigation in EIA the following steps should 

be presented where available:

• Baseline emissions: the existing emissions 

from the project boundary site prior to 

construction and operation of the project; 

• Alternative emissions: including the future baseline 

emissions should the project not be developed;

• Net emissions (Year 1 and lifetime): the 

direct and indirect emissions of the project 

during the first year of operation and for 

the full lifetime of the project; and

• Mitigation savings: the amount of carbon 

saved during all stages of the project. 

20.  The Town and Country Planning (Environmental Impact Assessment) Regulations (2017) Schedule 4: Information for inclusion in environmental statements.
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There are a number of challenges and 

difficulties when integrating GHG assessment 

into EIA practice. These challenges and ways 

to overcome them are presented below.

• The possible effects identified from a GHG 

emissions assessment can be interlinked with 

other key EIA topic chapters. There are a number 

of different ways to report these effects including;

 o Reporting on GHG emissions assessment in 

a standalone chapter that does not overlap 

with any of the other EIA chapters; or

 o Providing a GHG emissions assessment in 

a standalone chapter but also discussing 

the relevant likely climate change 

effects in the other EIA chapters.   

• Reporting of a GHG emissions assessment, 

should endeavour to conform to the existing 

EIA template. However if there is data or 

information that needs to be included that 

doesn’t fit into the existing EIA template then 

additional sub-sections should be added in order 

to present all the data from the GHG emissions 

assessment; to inform the EIA and account for 

the possible effects on future climate change.

• There are a lack of thresholds on which to 

identify the significance of a proposed project 

with regard to the net change in GHG emissions. 

The GHG assessment should therefore present 

assumptions, data collection and methodology to 

clarify how the significance has been quantified.

• Where GHG assessment is used to 

inform early design stages it is vital to get 

stakeholders to understand the importance 

of minimising the GHG contribution of a 

project and designing a project that will limit 

the net change in future GHG emissions.
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Appendix A
Stakeholder list and data sources

Source Description

Committee on Climate Change 

(CCC) – The Fifth Carbon Budget21

The CCC reports on UK carbon budgets, by sector, 

and reductions that need to be achieved of the UK is to 

meet its carbon reduction target of 80% by 2050. 

This includes historical and projected (up until 2035) 

GHG emissions by UK industrial sector: power, industry, 

buildings, transport, agriculture, land use and waste. 

Decarbonisation projections of the UK’s electricity 

and gas network are also reported.

The Department for Business, 

Energy & Industrial Strategy 

(previously DECC)22

The UK Government regularly reports on UK energy and 

emissions projections by source: agriculture, business, 

energy supply, industrial processes, land use change, 

public, residential, transport and waste management.

Currently, GHG emissions reach back to 1990 

and project in to the future up until 2035.

The Department for Business, 

Energy & Industrial Strategy 

(previously DECC)23

UK greenhouse gas 

emissions statistics

The UK Government also reports on GHG emissions 

from a geographical perspective, by UK local authority. 

Current and historical emissions are available which may 

be used to establish current baseline emissions.

The Department for Transport 

(DfT) WebTAG (the Transport 

Analysis Guidance) – Data Book24 

WebTAG provides UK transport modelling values and information 

including projections on how the UK’s modal mix (diesel, petrol, 

electric) is expected for change over time, current and future fuel 

efficiency projections (litres or kWh per kilometre travelled) up to 2035.

 

Also reported are carbon dioxide emissions per litre 

of fuel burnt or kWh used for: petrol, diesel, gas oil 

and electricity used on road and rail travel.

21.  https://goo.gl/Nvlmbs

22.  https://goo.gl/XqmqW1 | https://goo.gl/9s8v6U

23.  https://goo.gl/yEGI9t

24.  https://goo.gl/4tklQZ.
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Source Description

The Green Construction Board 

(GCB) – Infrastructure Carbon 

Review, Technical Report25

The GCB has developed a tool that allows stakeholder to 

model policy changes associated with the built environment 

and visualise what this means in terms of GHG emissions.

Also available is the Low Carbon Routemap report 

which explores various GHG emissions projections for 

both building and infrastructure at the UK level. 

Inventory of Carbon and 

Energy (ICE) – University of 

Bath: Sustainable Energy 

Research Team26

The Inventory of Carbon and Energy (also known 

as the ICE database) is a leading embodied energy 

and carbon database for building materials.

The Department for Business, 

Energy & Industrial Strategy 

(previously DECC)27 - Government 

emission conversion factors for 

greenhouse gas company reporting

The Government conversion factors for greenhouse gas reporting 

are suitable for use by UK based organisations of all sizes, and 

for international organisations reporting on UK operations.

Examples of publicly available 

carbon assessment tools. The list 

of carbon tools is non- exhaustive 

and constantly changing. It is 

up to the GHG practitioner’s 

professional judgement to decide 

which tool is most appropriate 

for the project at hand. Of course 

it is perfectly appropriate to 

develop bespoke assessment 

sheets which may provide more 

flexibility and transparency.

• Scottish Government Windfarm Carbon Assessment tool

• Environment Agency Carbon Planning Tool

• RSSB / Network Rail Carbon Tool

• Transport Scotland: Carbon Management System (CMS)

• asPECT – asphalt pavement embodied carbon tool

• Highways Agency DBFO (design, build, finance 

and operate) carbon calculation sheets

National Atmospheric 

Emissions Inventory 28

• The UK Inventory contains summaries of information about 

air quality pollutants and GHGs.  There is also access to a 

wide range of more detailed information about the levels and 

trends in emissions of these pollutants, and their sources.

25.  https://goo.gl/lNyAru

26.  https://goo.gl/ud4lHU

27.  https://goo.gl/8B095W

28.  http://naei.defra.gov.uk/ 
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Appendix B
Methods for GHG emissions assessment 

B1 List of standards

• WRI GHG Protocol  - the World Resource 

Institute (WRI) and the World Business Council 

for Sustainable Development (WBCSD) 

partnered to develop internationally recognised 

guidance and standards on GHG accounting 

and reporting, and includes advice on:

 o Corporate Standards;

 o Corporate Value Chain (Scope 3);

 o Product Life Cycle assessments;

 o GHG Protocol for Cities; and

 o Agricultural Guidance.

• PAS 2050:2011 Specification for the 

assessment of the life cycle greenhouse 

gas emissions of goods and services.

• PAS 2060 - a standard for declarations 

of carbon neutrality

• PAS 2070 - a standard for assessing 

city-wide GHG emissions.

• PAS 2080 - is the world’s first standard for 

managing infrastructure GHG emissions.

• BS EN ISO 14064-1 - guidance on reporting 

GHG emissions at an organisational level.

• BS EN ISO 14064-2 - guidance on reporting 

GHG emissions at the project level.

• BS EN 15686-1: 2011 Buildings and 

construction assets – service life planning, 

general principles and framework.

• BS EN 15978:2011 Sustainability of construction 

works, Assessment of environmental 

performance of buildings, Calculation method

• BS EN 15804: Sustainability of construction works. 

Environmental product declarations. Core rules for 

the product category of construction products.

• PD CEN ISO/TS 14067: Greenhouse gases. 

Carbon footprint of products. Requirements and 

guidelines for quantification and communication.

• BS EN ISO 14044: Environmental 

management. Life cycle assessment. 

Requirements and guidelines

• ENCORD: the European Network for 

Construction Companies for Research and 

Development – a network for active members 

from the construction industry have published 

a ‘Construction CO
2
e Measurement Protocol’. 

Notes

1. IEMA Members can enjoy a 15% discounts 

when buying copies of BSi products 

(ISO / BS EN standards). Simply: 

 o - Login to www.iema.net 

 o - Visit the myIEMA section 

 o - Follow the link to my BSi Shop. 

2. PAS2050 and PAS2080 are freely available 

documents, which can be accessed on-line.
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Appendix C
Significance of GHG emissions

GENERIC PROCESSES

1. Sacramento Metropolitan Air Quality 

Management District29 

 

Established a significance threshold of 1,100 

metric tonnes (MTCO
2
e per year). This is based 

on capturing 90% of the development projects 

across the state, ensuring that small projects, 

which generally have low emission levels, would 

not be considered significant. The small projects 

will still be required to reduce their GHG emissions 

because they must comply with state and local 

regulations that require energy efficiency and 

transport infrastructure improvements. 

 

2. California Air Pollution Control 

Officers Association30

• GHG impacts are considered to be 

exclusively cumulative impacts because 

no single project makes a significant 

contribution to global climate change;

• Assessment of significance is based on whether a 

project’s GHG emissions cumulatively represent 

a considerable contribution to the global 

atmosphere.  

 

 

 

 

 

 

 

3. California Environmental Quality 

Act (CEQA) guidelines

According to Appendix G of the CEQA 

Guidelines, a project would have a significant 

effect associated with GHGs if it would: 

• Generate GHG emissions, either directly or 

indirectly, that may have a significant and/or 

cumulative impact on the environment; or 

• Conflict with an applicable plan, policy, or 

regulation adopted for the purpose of reducing 

the emissions of GHG.  

 

4. IEMA principles on climate 

change mitigation and EIA

The IEMA principles document provides a section 

on how to assess GHG emissions in EIA and states:

• “When evaluating significance, all new GHG 

emissions contribute to a significant negative 

environmental effect; however; some projects 

will replace existing development that have higher 

GHG profiles. The significance of a project’s 

emissions should therefore be based on its net 

impact, which may be positive or negative.“

• “Where GHG emissions cannot be avoided, 

the EIA should aim to reduce the residual 

significance of a project’s emissions at all stages.”

• “Where GHG emissions remain significant, but cannot 

be farther reduced… approaches to compensate the 

project’s remaining emissions should be considered.” 

C1 Considering the significance of GHG emissions

29.  Sacramento Metropolitan Air Quality Management District, 2014. Justification for Greenhouse Gas Emissions Thresholds of Significance. 

30.  CAPCOA 2008 CEQA and Climate Change: Evaluating and Addressing Greenhouse Gas Emissions from Projects Subject to the California Environmental Quality Act.
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CASE STUDIES

5. The Park at Granite Bay31, California, USA

Assessment included quantitative and 

qualitative methods of GHGs;

• Quantitative: construction and operational 

emissions were lower than the 

Sacramento significance threshold;

• Qualitative: project complied with a number of 

mitigation measures at local and district level 

including; increased diversity (incorporating 

recreational use into project design will 

reduce mobile source emissions), improve 

destination accessibility, improve pedestrian 

network, provide traffic calming measures and 

comply with energy efficiency standards; and

• The project would not substantially contribute to 

GHG cumulative impacts and therefore impacts 

would be considered less than significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Wind Energy Ordnance32  

Guidelines for determination of significance 

 

“For the purpose of the EIR, the County’s Interim 

Approach to Addressing Climate Change on CEQA 

Documents (County of San Diego 2010) guidelines 

for determining significance apply the direct and 

indirect impact analysis, as well as the cumulative 

impact analysis. A significant impact would result if:

• The project would conflict with an applicable 

plan, policy, or regulation adopted for the 

purpose of reducing the emissions of GHGs”

• The impacts from the proposed project (Wind 

turbine) related to generation of GHG emissions 

on a cumulative level would be less than 

significant as they will contribute to emissions 

reductions targets set out in the Climate Change 

Action Plan/Goals in AB 32 (for San Diego) and 

will contribute to the state’s goals by facilitating 

the development if renewable sources of energy 

in place of fossil fuel based electrical generation.

• Implementation of the proposed project would not 

result in significant impacts associated with GHG 

emissions and global climate change. By facilitating 

the development of a local renewable energy supply, 

the proposed project could help to reduce impacts 

related to global climate change in two ways: 

(1) decrease GHG emissions, and (2) reduce the 

potential for energy shortages and outages in the 

inland areas. Therefore, the proposed project would 

not result in any significant impacts related to GHGs 

31. The Park at Granite Bay (December 2015) Draft Environmental Impact Report.

32. Wind Energy Ordnance (2012) Draft Environmental Impact Report
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7. HS2 Phase One33

• GHG emissions associated with the construction 

of the proposed project are significant. Mostly a 

result of the construction of tunnels, earthworks, 

bridges, viaducts and underpasses that have 

been included to mitigate other significant 

environmental noise and visual amenity.

• Multiple mitigation measures have been 

identified, with two described below;

• Secondary carbon benefits: proposed project will 

increase total carrying capacity of the rail transport 

system therefore freeing up capacity of existing 

rail networks which can be used to transfer freight 

or passenger traffic from higher carbon modes.

• Opportunities will be identified to avoid carbon 

in the project design; and reduce embedded 

carbon in construction materials and carbon 

emissions from construction works.

 

The following two project example are based in New 

York City. Although they don’t specifically focus on 

significance, both provide mitigation measures based 

on the following statement: 

 

“Although the contribution of any single project’s 

emissions to climate change is infinitesimal, the 

combined GHG emissions from all human activity 

have been found to be significantly impacting 

global climate… there are no established thresholds 

for assessing the significance of a project’s 

contribution to climate change. Nonetheless, 

prudent planning dictates that all sectors address 

GHG emissions by identifying GHG sources 

and practicable means to reduce them.”

8. Vanderbilt Corridor and One 

Vanderbilt, New York, USA

• Focus on mitigation measures. Don’t 

compare against threshold instead they look 

at savings between baseline conditions and 

mitigated conditions example below:

• The proposed One Vanderbilt development is 

estimated to require 28.5 gigawatt-hours per year 

(GWh/yr) of electricity for general building use 

and a total of 17,487 million British thermal units 

per year (MMBtu/yr) of natural gas for heat and 

hot water. An option including on-site electricity 

and heat cogeneration is under consideration, 

which would provide approximately half of the 

electricity demand using a natural gas-fired 

system, requiring 148,268 MMBtu/yr of natural gas.

• Proposed project will include a number of 

sustainable design features that would reduce 

GHG emissions (based on LEED certification 

rather than standard building code), these include;

• Efficient building design;

• Use clean power;

• Transit-oriented development and 

sustainable transportation;

• Reduce construction operation emissions; and

• Use building materials with low carbon 

density (i.e. recycled steel).

 

 

 

 

 

33. HS2 (2013) London – West Midlands Environmental Statement Volume 3 Route-wide effects https://goo.gl/QkUCtc
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9. Billie Jean King National Tennis 

Centre (NTC), New York, USA

• As the proposed project would result in more 

than 350,000 square feet of development, the 

sources of GHG emissions and measures that 

would be implemented to limit those emissions 

are discussed in this chapter, along with an 

assessment of the proposed project’s consistency 

with the citywide GHG reduction goal  

• The assessment concludes that the project’s 

design includes features aimed at reducing energy 

consumption and GHG emissions, which is 

consistent with NYC citywide GHG reduction goal.

• Focus on minimising energy use and GHG 

emissions during the non-event season. Also aim 

to improve options for sustainable transport;

The majority of emissions from the proposed project 

would be associated with its construction rather 

than the two weeks per year the US Open operates. 

Therefore, many of the emission reduction measures 

that would be implemented as part of the proposed 

project would focus on construction activities
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List of abbreviations 
/ glossary

BaU – Business as Usual

BIM – Building Information Modelling

BREEAM – Building Research Establishment 

Environmental Assessment Method

CEEQUAL – Civil Engineering Environmental 

Quality assessment scheme

CEMP – Construction Environmental Plan 

CEN – European Committee for Standardization

Climate change – changes in general weather 

conditions over an extended period of time 

(seasonal averages and extremes)

Climate Change Adaptation – the process that a 

receptor or project has to go through to ensure 

it maintains its resilience to climate change

Climate Change Mitigation – This consists primarily 

of approaches that seek to avoid, reduce or limit 

the release of GHG emissions that contribute to 

anthropogenic climate change. It can also include 

actions that will increase the removal of GHG 

atmospheric emissions (e.g. carbon sequestration 

through woodland creation, conservation and 

wider land management practices). The ideal is 

to pursue a strategic approach whereby overall 

emissions are quantified and reduced, assisting a 

transition towards a low or zero carbon footprint.

Climate Change Resilience – a measure of 

ability to respond to changes that something 

experiences. If a receptor or project has a good 

climate change resilience, it is able to withstand 

the changes in climate in a way that ensures it 

retains much of its original function and norm

CCC – Committee on Climate Change 

DBEIS – Department for Business, 

Energy & Industry Strategy 

DEFRA – Department for Environment, 

Food & Rural Affairs

DfT – Department for Transport

EMP – Environmental Management Plan

EPD – Environmental Product Declaration

EIA – Environmental Impact Assessment

ES – Environmental Statement

GHG – Greenhouse Gases

IEMA – The Institute of Environmental 

Management and Assessment

IA – Impact Assessment

LICR – Large Infrastructure Carbon Rating

LCA – Life Cycle Assessment

LPA – Local Planning Authority

PAS – Publically Available Specification
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DISCUSSION BRIEF

Introduction
A transition to a low-carbon economy is essential to ensuring 
a safer climate, but it will not be easy. Despite the well-
documented benefits of decarbonizing energy systems,1 the 
declining costs of renewable energy and high-efficiency 
technologies, and the promise of further innovations, the 
world continues to rely heavily on an abundant and growing 
supply of fossil fuels.2 

This discussion brief focuses on a key concern with ongoing 
investments in fossil fuel supply and the technologies that 
use these fuels: “carbon lock-in”.3 The essence of carbon 
lock-in is that, once certain carbon-intensive investments 
are made, and development pathways are chosen, fossil fuel 
dependence and associated carbon emissions can become 
“locked in”, making it more difficult to move to lower-carbon 
pathways and thus reduce climate risks. 

For example, near-term investments in coal-fired power 
plants, with their low operating costs, long technical life-
spans, and strong institutional and political support, increase 
the future costs of achieving a given emissions target.4 So, 
too, might natural gas power plants, fossil-fuelled vehicles, 
and inefficient buildings and heating technologies.5 Overall, 
the International Energy Agency (IEA) has found, if energy 
investments favour high-carbon technologies through 2020 
instead of low-carbon alternatives, the medium-term invest-
ment (through 2035) needed to reach low-carbon objectives 
would increase fourfold.6 

Here we propose a two-step approach to gauging the relative 
lock-in risks of investments in fossil fuel exploration and 
extraction:

• First, we identify investments in fossil fuel resources 
and infrastructure that are likely to be inconsistent with 
climate protection objectives, as reflected in a metric of 

Carbon lock-in from fossil fuel supply infrastructure

An open-cut coal mine in the Upper Hunter Valley, New South Wales, Australia. Most of the coal produced here is exported to Asia.
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“over-produced” fossil fuels that captures the scale of 
lock-in effects. 

• Second, we evaluate the strength of this lock-in – i.e. the 
extent that, once such investments are made, they may be 
difficult to move away from, or “unlock” in the future. 
We assess the strength of lock-in by two metrics: the 
relative amount of capital invested in these over-produced 
resources, and the relative amount of economic “rents”, 
or profits, likely to accrue from them. 

Together, these analytical steps and metrics can help policy-
makers identify the fossil fuel deposits for which new 
investments are most likely to lead to carbon lock-in. Below 
we apply this approach at the global scale, to illustrate the 
methodology and to provide general insights on the broad 
categories of resources that may pose the greatest lock-
in risk. With sufficient data and scenarios, this approach can 
be applied at various geographic scales. We also discuss 
equity issues that might arise in using the results to plan for a 
low-carbon future.

While this approach can be applied to any time frame, we 
focus here on the year 2030, which is the target year of 
current negotiations under the United Nations Framework 
Convention on Climate Change (UNFCCC). Moreover, fossil 
fuel production capacity and costs in 2030 will be heavily 
influenced by the choices made by policy-makers within the 
next few years, and the investments they encourage or deter. 

Policy-makers are already showing a growing interest in 
the greenhouse gas emissions implications of fossil fuel 
supply,7 and a small but growing body of research suggests 
that efforts to limit fossil fuel extraction could complement 
and increase the effectiveness of demand-side approaches 
to climate policy.8 Research such as ours can inform efforts 
to integrate supply- and demand-side approaches.
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Step 1: Assessing the scale of fossil fuel (carbon) 
over-production
Policy-makers (and investors) may have many reasons for 
assessing carbon lock-in risks associated with fossil fuel 
supply. They may want to ensure that their economies are 
competitive in a low-carbon future.9 They may wish to 
limit the risk that low fuel prices or climate policies require 
the premature retirement of investments – i.e. “stranded 
assets”.10 They may also be concerned about “carbon 
entanglement”, the process by which governments become so 
dependent on rents from fossil fuel production that they resist 
efforts to limit it.11 Or they may simply want to understand 
how fossil fuel supply infrastructure decisions might affect 
their ability to achieve climate protection goals.

Whatever its motivation, such an assessment must be 
grounded in an understanding of fossil fuel resources12 and 
future plans for their development. Accordingly, the first step 
of our approach is to assess existing and planned fossil fuel 
supply under both business-as-usual (BAU) and low-carbon 
scenarios. Comparing the two scenarios provides an estimate 
of fossil fuel over-production – production that appears to 
be inconsistent with a low-carbon pathway. 

Investments associated with this over-production could be 
at risk of stranding if climate policies or low prices reduce 
demand for fossil fuels. Or over-investment could lead to 
carbon lock-in instead, if the investments deter climate 
action, making it likelier that fuel production and, by exten-
sion, consumption will continue at levels incompatible with 
a low-carbon pathway. In other words, capital investment in 
resources not needed under a low-carbon pathway not only 
creates the risk of asset stranding under future, more ambitious 
climate policies, but it may put that very ambition at risk.

The concept of over-produced fossil fuel resources (or 
carbon) is related to the notion of unburnable carbon: both 
refer to resources that would not be extracted under a low-
carbon pathway. The key difference is that unburnable carbon 
typically reflects all resources and/or reserves that must be 
left in the ground,13 whereas over-produced carbon reflects 
only the resources that would likely be extracted and con-
sumed in a BAU scenario, but not in the low-carbon one. 

To assess fossil fuel over-production, we rely on two 
scenarios in the IEA’s World Energy Outlook 2014: New 
Policies, a BAU scenario that reflects countries’ stated 
climate ambitions, including broad policy commitments and 
plans that have yet to be implemented, and the 450 Scenario; 
they correspond roughly to a 4°C and a 2°C warming path, 
respectively.14 For simplicity, we consider only steam coal 
production and markets. Demand for coking coal does not 
vary significantly from BAU levels in many low-carbon 
scenarios, so it is unclear whether coking coal investments 
involve significant lock-in risks.

Under BAU in 2030, fossil fuel producers extract 5.0 billion 
tonnes of steam coal equivalent (tce), 37.0 billion barrels 
of oil supply (101.3 million barrels per day, or bpd), and 
4.6 trillion cubic metres of gas. This level of production 
corresponds to, once combusted, 13 billion tonnes (Gt) CO2 
from steam coal, 14 Gt CO2 from oil, and 9 Gt CO2 from gas, 
after correcting for fuels not expected to be combusted, e.g. 
due to use as industrial feedstocks. In comparison, resource 

production in the low-carbon scenario is 65%, 85%, and 
90% of BAU levels for steam coal, oil, and gas, respectively. 
Over-production in the BAU scenario is therefore 4 Gt CO2 
for steam coal, 2 Gt CO2 for oil, and 1 Gt CO2 for gas. 

These estimates of over-production reflect the relative scale 
of carbon lock-in by fuel type, and thus the extent to which 
extraction, and corresponding upfront investment, might 
need to be scaled back to achieve a given climate protection 
objective. Unsurprisingly, coal is the fossil fuel on a path to 
be most over-produced, but the levels of over-produced oil 
and gas are significant as well. Understanding which types 
of coal, oil, and gas deposits are likeliest to be resistant to 
climate policy and prone to carbon lock-in requires further 
economic analysis. This is the second step of our approach. 

Step 2: Assessing the strength of carbon lock-in 
Now we look to the economics of different resources, focus-
ing on two metrics – capital intensity and rent intensity – to 
illuminate which types of investments would be most difficult 
to “unlock” – or least likely to be stranded due to changing 
economics or climate policy.

Capital intensity ($/t CO2) represents the level of capital 
investment required to extract a given unit of a particular 
resource – for example, the cost of building an oil platform 
relative to the amount of oil to be extracted. Once these 
investments are in place, the marginal cost of production 
drops to the operating costs (plus any ongoing capital cost). 
Thus, in our example, even if the cost of the platform brought 
the total cost of the oil to 50 USD per barrel, if operating 
costs are only 20 USD per barrel, a rational investor might 
continue to produce even if the price of oil dropped below 
50 USD. The more capital-intensive an investment, the more 
it may be insulated from price fluctuations once operational. 
In fact, all else being equal, operators may be likelier to con-
tinue operations of more capital-intensive resources, perhaps 
even after it stops being economically rational.15 As a result, 
we suggest that the greater the capital intensity of a fossil 
fuel resource, the likelier it is that, once established, it will be 
extracted, even under unfavourable economic conditions. 

We assess capital intensity as costs (in 2015 USD) for equip-
ment and infrastructure for exploration, development (e.g. 
facility and well expenses), and maintenance and modifica-
tion of resources to each market. For oil and gas, we use data 
from Rystad Energy;16 for coal, we use Leaton et al. (2014)’s 
assessment of Wood Mackenzie data.17 Both Rystad Energy 
and Wood Mackenzie are also used by the IEA in its World 
Energy Outlook, so the cost data used here are likely to be 
relatively consistent with the assumptions underlying the 
BAU and low-carbon IEA scenarios used here. 

Rent intensity ($/t CO2) reflects how profitable each unit 
of a resource is likely to be. It is thus a key indicator of the 
economic incentive that owners have to keep producing, once 
capital has been invested. Here we express the metric as total 
rent (revenue minus production cost) divided by the carbon 
content of the fuel (i.e. CO2 emitted upon combustion). From 
this we can extrapolate the carbon price at which further 
production of a resource might be rendered uneconomic. 
This metric is also a good indicator of carbon “entangle-
ment” risks: how much money a government that relies on 
fossil fuel rents might stand to lose if it pursues policies 
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to limit fossil fuel production.18 Furthermore, economic 
rents can serve as a proxy for the relative political power 
of private-sector entities that benefit from production of a 
given resource.19 

We estimate average rent intensities for oil and gas resources 
as the difference between total production costs and 
weighted-average global prices in 2030 of 104 USD per 
barrel of oil and 8 USD per million Btu (MBtu) of gas.20 
Coal prices in domestic markets can vary substantially, 
though they are generally lower than seaborne, or import, 
prices. Therefore we make a simplifying assumption that 
domestic prices for coal average about 70 USD per tonne, 
and import prices average about 85 USD per tonne, based 
on a review of IEA and Leaton et al. (2014)’s assessment 
of Wood Mackenzie.21 Again, as local market prices vary, 
especially for coal and natural gas, actual rents may vary 
considerably from the averages estimated here.

Results: visualizing over-production and resource 
lock-in
We present the results of our analysis in three figures: one 
each for coal, oil and gas. All use a cost curve of production 
by category of resource in 2030 to illustrate three metrics:

• Over-produced resources: the resources in lighter shading 
(toward the right of each curve) that would be produced 
under business as usual (here, the IEA New Policies 
Scenario) and not in a low-carbon scenario (here, the 
IEA 450 Scenario).

• Capital intensity: the average investment needed to 
produce each category of resource, displayed as the top 
(red, green, or blue) portion of each bar. 

• Rent intensity: the difference between the total (capital 
and operating) cost of each category of resource and 
the average price per unit produced or emitted, which 
decreases from left to right as production costs rise. 

Figure 1 above provides a guide for reading the cost curves, 
each of which contains many more “blocks”, or resources, 

on the following pages. The x-axis represents production 
of each resource type, while the y-axis shows the cost of 
producing each unit of that resource type. Since our analy-
sis is concerned with carbon lock-in, we present resource 
production in terms of Gt CO2 emitted once that resource is 
combusted (after accounting for non-combustion uses). 

The full-coloured blocks at left represent fossil fuel pro-
duction that would occur even in a low-carbon scenario. 
The lighter blocks at right (1) represent over-production; 
we assume for simplicity’s sake that higher-cost resources 
would be the ones not produced. The black and grey blocks 
represent operating costs. The orange blocks (2) represent 
capital intensity – which, as noted earlier, increases the 
likelihood that a resource will be produced, once investment 
is made, even at low market prices. 

Instead of orange here, the charts in Figures 2–4 use dark 
and light red (coal), green (oil), and blue (gas) to represent 
capital investment. Rent intensity (3) is expressed as a block 
of white space between the coloured blocks and the line for 
the average price.

Key findings
Not surprisingly, of the three fossil fuels, it is coal for which 
production would need to be scaled back the most in a 
low-carbon scenario, both as a share of production (34%) 
and in absolute carbon terms (about 5 Gt CO2). At the same 
time, the analysis indicates that investments in coal produc-
tion may also be the easiest to “unlock”. As indicated by the 
areas of the coloured (red, green and blue) bars and light grey 
bars, coal resources are far less capital-intensive (less than 
5 USD/t CO2) than oil or gas, for which new fields require 
investments of 30 USD/t CO2 or more. This indicates that 
sunk costs for infrastructure, and creditor concerns, may 
contribute less to lock-in for coal. 

Coal is also far less rent-intensive on average, with most 
deposits yielding rents of less than 10 USD/t CO2, while rents 
to oil and gas production average 50 USD/t CO2 or more. 
This suggests that carbon pricing – or normal fluctuations 
in resource prices – could have a greater effect on coal than 

Figure 1. Illustrative schematic of fossil fuel production cost curves
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on oil or gas production. With combined capital and produc-
tion costs that are far closer to expected prices than those 
for oil and gas, coal mines are at far greater risk of being 
rendered uneconomic by carbon pricing. Thus, at least based 
on economic considerations, investments in coal production 
may create less “lock-in” risk than investments in oil or gas 
production. 

Of course, social and political considerations – as well as 
local differences in project economics, including rents – 
might change the outlook. For example, other research has 
suggested that coal production is more labour-intensive than 
oil or gas, and that coal production interests have already 
been among the most powerful opponents of climate policies 

in both the U.S. and the EU. Furthermore, coal-fired power 
production (the demand side of coal markets) still presents a 
significant lock-in risk.22 That said, planners concerned about 
carbon lock-in risks from fossil fuel supply investments may 
want to look at oil and gas before coal. 

Oil is both the most capital-intensive and most rent-intensive 
fossil fuel, with average capital intensity of 44 USD/t CO2 
(16 USD/bbl) and rent intensity of 200 USD/t CO2 
(74 USD/bbl), when assessed across all barrels produced. 
This high rent intensity suggests that, for many oil deposits, 
carbon pricing would be less likely to affect production as 
substantially. The capital intensity of oil production ranges 
from 4 to 41 USD per barrel (11 to 112 USD/t CO2), with 

Figure 2. Coal production in 2030 in the BAU and low-carbon scenario, including over-production

Figure 3. Oil production in 2030 in the BAU and low-carbon scenario, including over-production
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significant investment required especially for higher-cost 
(currently not producing) offshore resources unlikely to be 
developed in a cost-efficient low-carbon scenario. Near-term 
investment in these resources could be substantial, creating 
momentum for future over-production. 

For the barrels over-produced in 2030, our analysis shows 
a capital intensity of 97 USD/t CO2 and rent intensity of 
55 USD/t CO2 – or 153 USD/t CO2 combined (see Table 1), sug-
gesting that those resources would be well-insulated from future 
price fluctuations or carbon pricing, once capital is invested. 
Overall, our analysis suggests that among investments in fossil 
fuels, those in oil production, especially in higher-cost, yet-to-
produce resources, are most likely to increase carbon lock-in.

Looking deeper at offshore oil, our analysis indicates that 
production from yet-to-be made investments in this infra-
structure would need be cut by half in 2030 in the IEA’s 
450 Scenario, relative to BAU. The Americas (North and 

South) represent the greatest source of over-production 
(nearly half). Capital investments such as these may deserve 
special scrutiny because, once oil platforms and other major 
fuel extraction infrastructure are in place, the marginal cost 
of producing each unit of resource drops to 50 USD/barrel or 
less (the operating cost – i.e. the black or grey portion of each 
bar in Figures 2–4). This insulates the resource from likely 
expected variations in fuel price, whether due to climate 
policy or normal market fluctuations. 

Rent intensities for natural gas production can also be 
substantial (averaging 93 USD/t CO2 or 5 USD/MBtu), 
though large variations in regional gas prices complicate the 
assessment of rents for gas, and the average values indicated 
in Figure 4 may not apply for regions where natural gas 
prices are very low (e.g. North America, with prices as low as 
3 USD/MBtu) or very high (e.g. liquefied natural gas in East 
Asia, with prices as high as 15 USD/MBtu, as indicated in 
Figure 4). As with oil, yet-to-produce offshore gas resources 

Figure 4. Gas production in 2030 in the BAU and low-carbon scenario, including over-production
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Table 1. Carbon lock-in assessment of over-produced fossil fuel resources

Resource Group
Fossil fuel over-

production, 2030
(Gt CO2 annually)

Production in 
low-carbon 

scenario relative 
to BAU in 2030

Average 
capital intensity 

(USD/t CO2 
over-produced) 

Average 
rent intensity 
(USD/t CO2 

over-produced)

Capital 
+ rent 

intensity

Coal 4.6 -34% 3 * *

Of which, seaborne 1.0 -37% 5 $3 8

Oil 1.9 -14% 97 $55 153

Of which, offshore and not yet producing 1.4 -50% 104 $52 155

Gas 0.9 -10% 119 * *

Of which, offshore and not yet producing 0.6 -27% 144 * *
 
* We do not report average rent intensities for natural gas or for domestic coal, since unlike for oil and seaborne coal, there are wide variations in prices by region.
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are the most capital-intensive, with over-produced resources 
averaging 144 USD/t CO2 (7.4 USD/MBtu). They also are set 
to over-produce by the greatest quantity: 0.6 Gt CO2 in 2030. 

These findings depend on the year chosen (here, 2030) and 
the scenarios used (here, the IEA’s New Policies and 450 
scenarios). Thus, our analysis is just one possible outcome of 
such an exercise. Low-carbon scenarios that foresee greater 
reduction in oil consumption, for example, might suggest the 
need to further scale back capital-intensive oil investments. 
Indeed, lower oil price scenarios in Rystad Energy’s assess-
ment may foreshadow what might occur under even deeper 
low-carbon scenarios, as they also lead to a substantial scale-
back of capital investment in onshore tight oil production, 
especially from not yet producing assets.23 

Similarly, if an analysis year well beyond 2030 were chosen, 
some low-carbon scenarios might foresee significant avail-
ability of carbon capture and storage (CCS) facilities, thereby 
enabling higher levels of coal production, and thus less 
over-production relative to BAU. That said, our assessment 
of over-production of coal, oil, and gas in a 2030 time frame 
is broadly consistent with a recent meta-analysis of fossil fuel 
production in a low-carbon economy.24 

Policy implications and conclusions
This paper presents a generalized approach for assessing 
carbon lock-in risk from investments in fossil fuel extraction, 
building on common approaches to energy scenario analysis 
and fossil fuel resource analysis. Using this approach and its 
three metrics – over-production, capital intensity and rent 
intensity – policy-makers can assess the consistency of plans 
for developing new fossil fuel resources, or infrastructure to 
support them, with climate protection objectives. 

Our application of this approach at the global scale suggests 
that rents for coal extraction are low enough that, in principle, 
scaling down coal extraction may be within reach of climate 
policy – e.g. through carbon pricing at the point of extraction 
or through financial incentives.25 Indeed, others have pro-
posed policy mechanisms, such as supply-side cap-and-trade, 
designed to transition away from coal.26 

In contrast, oil extraction is relatively profitable and, in many 
cases, capital-intensive. This suggests that strong financial 
interests may pose substantial barriers and tend to keep 
capital-intensive oil resources in production, even if later 

policy efforts (including carbon pricing) were to call for a 
transition away from oil. 

The capital-intensive nature of new, unconventional and 
offshore oil developments, as identified here, suggests that 
near-term investments may bring resources online that will 
be especially difficult to unlock. Furthermore, some research-
ers have suggested that resource owners may deliberately 
speed up investment and production in the near term, while 
carbon prices are low or non-existent, so they can lock in and 
insulate resources against the loss of rents due to the even-
tuality of steeply increasing carbon prices.27 Policy-makers 
concerned about carbon lock-in risks, but also eager to ensure 
that near-term energy needs are met, may want to try to steer 
investment towards less capital-intensive oil reserves. 

More broadly, our analysis highlights the importance of 
identifying the potential for fossil fuel “over-production” 
and the capital and rent intensities associated with those 
resources. Policy-makers could then tailor policy measures 
to fit the capital and rent intensity of each type of resource. 
Where rent intensity is low, financial measures (such as 
carbon pricing and subsidy reform) may be particularly effec-
tive. For resources that are both rent- and capital-intensive, 
non-financial measures, such as quotas or limits on extraction 
(implemented through permitting decisions, for example), 
might be more effective. Further research is needed to better 
understand which approaches are most effective, and how 
they might be combined.

Of course, carbon lock-in risk is just one of many factors that 
policy-makers may consider in regulating the development 
of fossil fuel resources. Countries with substantial fossil 
fuel resources may have only a small subset of the high-risk 
resources assessed here. Or they may already be deeply 
“entangled”, heavily dependent on fossil fuel extraction – or 
be counting on it for their future energy supply and economic 
development. 

Applying this approach at the regional or national level is 
likely to raise questions about accounting and equity that 
policy-makers have yet to resolve. For example, some 
countries extract (and generate rents from) fossil fuels that 
are exported to other jurisdictions, where they release CO2 
emissions that are not generally attributed to the countries 
of origin.28 By limiting extraction, such countries would 
forgo economic rents without getting “credit” for any emis-
sions avoided. (Global CO2 emissions would be avoided 
to the extent that the forgone production was not matched 
by production increases in other countries.) 

The importance of fossil fuel extraction to some lower-
income countries’ development should also be carefully con-
sidered. Their policy-makers may rightfully note that many 
other countries have based economic development on fossil 
fuel energy. Thus, the application of this analytical approach 
at the regional and national scales would need to consider 
this concern, as well as possible relationships between the 
location (and forgone rents) of fossil fuels left in the ground 
and the financial responsibility for climate change mitigation. 

Other researchers have suggested that policies to limit fossil 
fuel supply, such as supply-side caps, can increase the effi-
ciency and effectiveness of demand-side measures to reduce Close-up of a surface coal mine in Gillette, Wyoming.
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CO2 emissions as well.29 Additional research is needed to 
clarify how supply-side policies can complement demand-
side policies. This framework can contribute to that research 
by helping to shed light on the types of fossil fuel resource 
investments likeliest to create carbon “lock-in”, and thus help 
policy-makers to develop well-targeted and effective supply-
side climate strategies.
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Joint Foreword 

The UK’s Climate Change Act had extraordinary foresight. It laid the groundwork 
for the nation’s escalating climate ambition. It anticipated, correctly, the need to 
cajole governments into climate plans that would not otherwise fit the political 
cycle. It has kept UK climate policies rooted in the scientific realities and the 
technical feasibilities.  

That framework now faces its sternest test, as demand grows to see Net Zero 
delivered; as the urgency becomes more obvious; and as the inadequacies of our 
planning for the impacts of climate change become clear.  

The rigour of the Climate Change Act helped bring COP26 to the UK, but it is not 
enough for Ministers to point to the Glasgow summit and hope that this will carry 
the day with the public. Leadership is required, detail on the steps the UK will take 
in the coming years, clarity on tax changes and public spending commitments, 
active engagement with people and businesses across the country. These steps 
are essential, so people can see opportunity in climate-positive choices. We 
cannot rely on good will alone.  

This demands a step change in Government action, but it is hard to discern any 
comprehensive strategy in the climate plans we have seen in the last 12 months. 
There are gaps and ambiguities. Climate resilience remains a second-order issue, if 
it is considered at all. We continue to blunder into high-carbon choices. Our 
Planning system and other fundamental structures have not been recast to meet 
our legal and international climate commitments.  

We commend Ministers for accepting our advice on the future path for UK 
emissions. The setting of the UK’s 2030 NDC, the passing into law of the Sixth 
Carbon Budget, the decision to bring international aviation and shipping emissions 
within the UK carbon budgets; all were made on the Committee’s 
recommendation. But the Committee’s advice to step-up the ambition and 
resourcing of adaptation continues to go unheeded. And the willingness to set 
emissions targets of genuine ambition contrasts with a reluctance to implement 
the realistic policies necessary to achieve them.  

It has therefore been a year of climate contradictions. Important statements of 
ambition, like the agreement to phase out the sale of petrol and diesel cars and 
vans, have been undermined by delays to essential legislation and much-needed 
plans to decarbonise buildings and improve their climate resilience. We await a 
Treasury Net Zero Review, once promised in autumn 2020. The transport 
decarbonisation plan is still slated, somewhat optimistically, for spring 2021. A 
pattern has emerged of Government strategies that are later than planned and, 
when they do emerge, short of the required policy ambition. 

There is still time to address this. This Progress Report offers more than 200 policy 
recommendations, covering every part of Government. The opportunity to 
implement them is there. Before COP26, a Net Zero Strategy is promised, which will 
carry the greatest weight if it is accompanied by Treasury’s review of funding. The 
Government’s climate change risk assessment, due in early 2022, can change the 
tone on adaptation and climate risk management. But it is time for the 
Government to implement these changes with the urgency that the science 
demands.  
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COVID-19 casts a long shadow, but there are three broad lessons from the 
pandemic: first, we have seen the critical importance of effective planning for 
high-impact eventualities; second, we have experienced the ability of government 
to act with pace and scale when it is required; and third, we have learned that 
people are willing to support change when they have the information before 
them.  

These lessons can shape a successful COP26 summit in November. With strong 
climate plans at home, the UK Presidency can have global influence. Our message 
to Government is simple: act quickly – be bold and decisive. Your moment has 
arrived.  

Lord Deben                            Baroness Brown 
Chairman, Climate Change Committee      Chair of the Adaptation Committee 
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Overall progress in climate policy: Net Zero and adaptation 

We are in the decisive decade for tackling climate change. Global emissions of 
greenhouse gases are as high as they have ever been. Nevertheless, green shoots 
of progress suggest this can change. And it must. The 2010s was the hottest 
decade on record globally, driving dangerous weather patterns and affecting 
societies and ecosystems around the world. Without a much stronger and urgent 
effort, we will breach 1.5°C of warming in the early 2030s and remain ill-prepared 
for the future. 

Global emissions must be cut rapidly to Net Zero, integrated with actions to adapt 
to the climate risks and impacts. Action must occur across the world, with richer 
countries acting earliest, while offering support for poorer countries. As host of the 
upcoming UN climate talks (‘COP26’) the UK has a particular responsibility to 
implement effective climate action and drive global efforts. 

The UK’s record to date is strong in parts, but it has fallen behind on adapting to 
the changing climate and has not yet provided a coherent plan to reduce 
emissions in the critical decade ahead: 

• Statutory framework for climate. The UK has a strong climate framework
under the Climate Change Act (2008), with legally-binding emissions
targets, a process to integrate climate risks into policy, and a central role for
independent evidence-based advice and monitoring. This model has
inspired similar climate legislation across the world.

• Emissions targets. The UK has adopted ambitious territorial emissions targets
aligned to the Paris Agreement: the Sixth Carbon Budget requires an
emissions reduction of 63% from 2019 to 2035, on the way to Net Zero by
2050. These are comprehensive targets covering all greenhouse gases and 
all sectors, including international aviation and shipping. 

• Emissions reduction. The UK has a leading record in reducing its own 
emissions: down by 40% from 1990 to 2019, the largest reduction in the G20,
while growing the economy (GDP increased by 78% from 1990 to 2019). The
rate of reductions since 2012 (of around 20 MtCO2e annually) is
comparable to that needed in the future.

• Climate Risk and Adaptation. The UK has undertaken three comprehensive
assessments of the climate risks it faces, and the Government has published 
plans for adapting to those risks. There have been some actions in response,
notably in tackling flooding and water scarcity, but overall progress in
planning and delivering adaptation is not keeping up with increasing risk.
The UK is less prepared for the changing climate now than it was when the
previous risk assessment was published five years ago.

• Climate finance. The UK has been a strong contributor to international 
climate finance, having recently doubled its commitment to £11.6 billion in
aggregate over 2021/22 to 2025/26. This spend is split between support for
cutting emissions and support for adaptation, which is important given
significant underfunding of adaptation globally. However, recent cuts to
the UK’s overseas aid are undermining these commitments.

The 2020s must be a decisive 
decade for climate action. 

The world needs to cut 
emissions and adapt to climate 
risks. 

The UK has a strong track 
record on climate action, but it 
is incomplete. 

2114  



9 Climate Change Committee 

The UK’s record on climate change compares well with that of other countries. But 
despite the recent willingness of the Government to raise ambition to cut emissions, 
delays in policy and implementation continue. Much greater urgency is now 
required from Ministers: 

• The ambition of the last year must be turned into policy and real-world
delivery. The UK has begun to reinforce its new emissions targets with clear
ambition for specific sectors in line with the required path (e.g. 40 GW
offshore wind by 2030, phase-out of petrol and diesel cars and vans by 
2030, 30,000 hectares annual afforestation by 2025). However, some
commitments fall short and key strategies have been delayed, leaving
holes in ambition. Policies to deliver on the commitments are mostly still to
be developed. 

• Progress must extend across the economy. The relative success of reducing
emissions in the electricity sector to date has not been matched in
transport, buildings, industry, or agriculture. Only a few sectors have strong 
plans to adapt to the current and future climate, leaving key risks to the
UK’s infrastructure and natural environment. Some government
departments are not sufficiently prioritising climate change, and none are
yet moving at the pace required. 

• A robust plan is needed for adaptation. The UK does not yet have a vision 
for successful adaptation to climate change, nor measurable targets to
assess progress. Not one of the 34 priority areas assessed in this year’s
progress report on adaptation is yet demonstrating strong progress in
adapting to climate risk. Policies are being developed without sufficient
recognition of the need to adapt to the changing climate. This undermines
their goals, locks in climate risks, and stores up costs for the future.

• The climate challenge must be reflected throughout policy and planning.
Climate risks affect all aspects of society, while any new source of emissions 
could put the Net Zero path at risk. Climate change must therefore be
integrated throughout policy and planning decisions, and must be a key
consideration in the Government’s proposed planning reforms. 

As the UK rebuilds after the COVID-19 pandemic, there is an opportunity to make 
systemic changes that will fill the gaps in the UK’s climate response. Now is the time 
to invest in the UK’s future through accelerated action to cut emissions and adapt 
to the changing climate, while supporting the global transition.  

• Delivering Net Zero. The Government has promised a Net Zero Strategy
before COP26. It must set clear and integrated ambitions across the
economy that will meet the Sixth Carbon Budget, and indicate how they
will be funded fairly. Efforts must then shift quickly to focus on 
implementation and delivery. The pace of policy development must
accelerate. Credible policies should be fully functioning and properly
funded by the end of the current Parliament (i.e. by 2024) to ensure that
almost all investments and purchases are low-carbon by the end of the
decade or soon after. 

• Adapting to climate risks. The Government should set out its vision for a UK
that is well-prepared for climate change. It should include clear quantified
targets, supported by policies and regulations. Climate adaptation must be
embedded in core policies if they are to succeed. Key current and
upcoming policies include: the Plan for Growth, the National Infrastructure
Strategy, the Environment Bill, the Environmental Land Management

Delivery must accelerate and 
broaden. 

Adaptation policy needs a step 
change in ambition and 
action. 

The Net Zero Strategy, due 
ahead of COP26, should 
complete the picture on how 
the UK will cut its emissions. 
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Scheme, the Tree and Peat Action Plans, the Net Zero Strategy, the 
Planning Bill and developments in energy, housing and health policy.*

• Integrating climate policy. Achieving Net Zero will require effective
adaptation. The programmes must be properly integrated. For example, as
the energy efficiency of buildings is improved, they must also be protected
from overheating. The vast carbon stores of the UK’s peatlands and soils
must be protected. Trees planted to draw CO2 from the atmosphere
and/or to provide timber should be suited to the future climate and, where
possible, provide services such as flood defences, enhancing ecosystems, 
urban cooling, and accessible green space.

• Embedding climate action across society. Reducing emissions and 
adapting to climate change will require a whole-of-society endeavour.
Success will require the public to be engaged in the challenge, building 
public consent for the changes with a broader understanding of what is
required and why. Workers will need help to develop the required skills and
to fill the jobs created during the transition. Businesses must be encouraged, 
and in some cases required, to invest in solutions and make low-carbon,
climate-resilient choices. 

• Reinstating overseas aid commitments. Climate challenges are
fundamentally integrated with wider challenges for ecosystems and 
economies. This means climate finance and climate action are not fully
isolated from cuts to the UK’s Official Development Assistance (ODA) in
practice. The Government has said the cut to ODA is temporary; now that
the UK’s economic recovery is underway, the Government should provide
a firm timeline for reinstating its previous commitment.

Government must lead the change. Reducing emissions and adapting to climate 
change must be embedded throughout policy. All parts of government have a 
role, requiring strong coordination and an effective devolution of powers and 
responsibilities to drive delivery. We set out detailed recommendations for each 
government department and the national Governments of Scotland, Wales and 
Northern Ireland in an annex of Tables at the end of this report. We will revisit 
progress against them at our next annual progress report in a year’s time. Our next 
major report will be a thorough appraisal of the UK’s Net Zero Strategy. 

The transition to Net Zero and the climate adaptation programme offer a positive 
vision for the UK’s future and for the world. They involve an investment boost that 
can support the economic recovery. This investment will be rewarded with 
reduced running costs and reduced costs of adapting to climate change in the 
future. It will support good-quality new jobs across the country, and bring 
opportunities to enhance our natural environment, our health and our well-being. 

The challenge of responding to climate change will not end with COP26 in the 
autumn or with the completion of the UK Presidency a year later. Global 
commitments are increasingly moving into line with the Paris Agreement, but we 
have entered a critical decade of action to consolidate and to deliver them. UK 
action must continue to provide an attractive model of success to maintain our 
climate leadership in support of a global response that meets the global 
challenge.  

* Some of these UK policies only cover England. Equivalent devolved policies must also reflect climate change. 

Adaptation is vital to achieving 
society’s goals and must be 
embedded throughout 
government policies. 

Reaching Net Zero and 
addressing climate risks can 
help to build a better UK.   

The UK can and should be a 
global leader on climate 
change.   
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With the adoption of the Sixth Carbon Budget, in accordance with the 
Committee’s recommendations, the UK has committed to an ambitious path to 
Net Zero. We welcome this decision and the inclusion of emissions from 
international aviation and international shipping in the legal scope of carbon 
budgets for the first time. The Sixth Carbon Budget requires a 63% reduction in 
emissions from 2019 to 2035 (78% relative to 1990).  

This is now the foundation for the necessary scale-up of policy action in all sectors. 
The challenge has shifted decisively from target-setting to delivery. The steps taken 
during this Parliament, and the action taken in this decade, will be crucial. The 
Committee’s focus must also shift, towards real-world progress and tougher scrutiny 
of Government plans. 

The Net Zero Strategy, promised ahead of November’s UN climate talks in Glasgow 
('COP26’), now has huge significance. It must set out a coherent vision. It must 
make plans for the jobs transition, and the necessary supply of skills. It will be the 
basis of the essential public engagement that must take place on the changes 
ahead. And it must address the unanswered question of how the transition will be 
funded in a fair way. Effective leadership, coordination and governance across 
Government has never been more important.  

In assessing the UK’s progress in the last year, we acknowledge the increase in the 
scale of Government efforts. But progress is not yet in step with the urgency of the 
challenge: 

• Effective policies must be developed at greater pace. The path to Net Zero
requires a rapid scale-up in low-carbon investment and low-carbon
choices across the economy. Government must lead that change with
more urgency than we have seen so far. Many vital and long-promised
plans, such as the Heat and Buildings Strategy and the Treasury’s Net Zero
Review, have been delayed by a year or more. As a result, there is a large
policy gap: credible policies for delivery currently cover only around 20% of 
the required reduction in emissions to meet the Sixth Carbon Budget.

• The Government has made significant commitments, but there are still
important gaps in ambition. Where ambitions have been set over the last
year, they have tended to be a significant step up. Many are now aligned
with the path to Net Zero (e.g. 40 GW offshore wind by 2030, phasing out
petrol and diesel cars and vans by 2030). However, gaps remain in the
Government’s stated ambitions (e.g. on diets, aviation demand, waste,
low-carbon heat networks), while some announcements fall short of what is
likely to be needed (e.g. on peatlands, heat pumps, carbon capture and 
storage). Together these imply a significant ambition gap: current
Government commitments that align to the Committee’s published
pathways cover less than half of the emissions reductions to 2035.

• Efforts must be increased markedly, especially in the lagging areas. There
are signs of a multi-speed approach within Government to raising ambition 
and putting in place effective policies. Some departments (e.g. Defra, 
MHCLG, but also parts of BEIS and the Treasury) are lagging behind others
and appear timid in their approach. The path to Net Zero requires high
ambition and an effective policy framework in all areas.

We welcome the setting of the 
Sixth Carbon Budget in 
accordance with our 
recommendations. 

The challenge has shifted 
decisively from target-setting to 
delivery. This decade will be 
crucial in getting on track to 
Net Zero. 

The Net Zero Strategy has huge 
significance in setting out the 
UK’s vision for meeting its 
ambitious targets. 
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The full Net Zero Strategy provides an opportunity for the Government to 
demonstrate that it means what it says on climate action. It should fill the gaps in 
ambition, set up a programme of accelerated policy development, tackle the 
cross-cutting challenges in a joined-up way and ensure alignment of all policy 
decisions with Net Zero so that the 2020s becomes the decisive decade it must be. 

• The public must be brought along with the transition. Better public 
information is needed on the changes that people should expect, and on 
the timing of their implementation. Meaningful public engagement will help 
build stronger public consent for the transition, and people should expect 
to understand the rationale for changes. They should also be able to see a 
benefit from making low-carbon choices and have easy access to the 
information and funding required to make changes happen.  

• The Net Zero Strategy must clarify ambition across the economy to match 
the targets in a credible way. Quantified, credible pathways for sectoral 
decarbonisation, technology deployment and behaviour changes must be 
set out, and backed by specific policies as far as possible. If ambition falls 
short of the Committee’s pathways in some areas the Government must 
explain how this shortfall will be made up elsewhere. The Net Zero Strategy 
must include demand-side action, which can come with a range of co-
benefits (e.g. healthier diets, more exercise and better air quality), and be 
backed-up by policies that are carefully designed and implemented. 

• The Treasury must ensure a fair and long-term approach to funding the 
transition. The Net Zero Strategy must be underpinned by an approach to 
funding that distributes the costs, savings and wider benefits of 
decarbonisation fairly. It must encourage action across society, while 
protecting vulnerable people and companies at risk of adverse 
competitiveness impacts. A move to longer-term funding streams and low-
risk financing of Net Zero investments will be essential to making sustained 
progress. 

• The Strategy should set clear timelines for policy development that match 
the urgency of the challenge. A strong, coherent and joined-up policy 
framework is needed. Credible policies to deliver the ambitions of the Net 
Zero Strategy should be fully in place by the end of the current Parliament 
at the latest (i.e. by 2024) to ensure that almost all investments and 
purchases (e.g. cars, heating appliances, new energy supplies) are low-
carbon by 2030 or shortly after. All departments must increase their pace. 

• The Strategy should initiate a strengthened role for local delivery. All levels 
of government have committed to ambitious climate action: UK, devolved 
administrations, city regions and local authorities. Better coordination and 
support is required across these levels, including workable business models, 
the removal of barriers to action, dedicated funding and an approach that 
enables sub-national action to complement action at the national level. 

• All policy decisions must be compatible with the Government’s climate 
commitments. The Net Zero Strategy should set out how the Government 
will achieve this, for example by introducing an explicit test to ensure 
compliance. Both the Net Zero Strategy itself and policy more widely must 
recognise the challenges of adapting as the climate changes. Planning 
policy (both at UK and devolved level) must also reflect these challenges. 

The Net Zero Strategy must set 
out a coherent vision of how 
Net Zero and the Sixth Carbon 
Budget will be met. 

The Government should 
introduce a Net Zero Test to 
ensure that all policy decisions 
are compatible with the 
legislated targets. 
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Emissions fell sharply in 2020 (by 13%) to 435 MtCO2e, 48% below 1990 levels. The fall 
was primarily in transport sectors as a result of the COVID-19 pandemic and 
lockdowns. Much of the 2020 fall is likely to be temporary, although that partly 
depends on the Government’s choices. Action now can lock in beneficial 
changes seen on walking, cycling and remote working for those that want it, for 
example through investment in broadband, active travel and public transport. 
More widely, there is an opportunity to accelerate low-carbon investments, for 
example on energy infrastructure, homes and electric vehicles. 

An effective Net Zero Strategy will support the UK to genuinely ‘build back better’ 
and provide authority on the global stage into COP26 and beyond. 

The rest of this executive summary is set out in five sections: 

1. Emissions in 2020 and underlying progress on decarbonisation 

2. Ambition on the path to Net Zero 

3. Policy progress on the path to Net Zero 

4. Policy priorities and broadening progress across Government 

5. The Committee’s changing role 

We provide our full recommendations, department by department, covering all 
aspects of the Net Zero challenge, in an annex at the end of this report. 

  

Transport emissions fell sharply 
in 2020, but will rebound to 
some degree as we move out 
of lockdown. Action is required 
to keep positive changes. 
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1. Emissions in 2020 and underlying progress on decarbonisation

The COVID-19 pandemic and the resulting restrictions caused a substantial drop in 
emissions, which fell to a level almost half those of 1990. But lasting changes to UK 
emissions remain far from certain. The Committee’s provisional estimate is that UK 
emissions fell by around 13% in 2020 to 435 MtCO2e, with the vast majority of the fall 
associated with reductions in emissions from surface and air transport (Figure 1 and 
Box 1). 

Estimated UK consumption emissions (i.e. the UK’s carbon footprint, including 
emissions embedded in imports) are considerably higher than the UK’s ‘territorial’ 
emissions. They rose slightly in 2018, the most recent year for which data are 
available, following a gradual decline over the preceding decade.  

The impact of COVID-19 on travel demand led to an unprecedented 29% fall in 
transport emissions in 2020. The impact has been particularly pronounced on 
demand for public transport, which fell more deeply and recovered more slowly 
than private car travel following lockdowns being lifted. A new challenge for 
decarbonisation policy is rebuilding the public’s confidence in the safety of public 
transport to avoid a ‘car-led’ recovery, and providing people with reliable 
alternatives to car travel. 

The huge changes required during this period to how society operates are not a 
model for the sustained changes needed for Net Zero, but nevertheless have been 
instructive, across a range of sectors. We have learned that changes to working 
and travel behaviour can be made rapidly if required. A consensus has developed 
that the capital investment required for Net Zero can act to boost the economy as 
it recovers. The importance of good broadband and telecoms provision has 
become clearer, and we have seen that there is considerable scope to manage 
offices and other non-residential buildings in a more energy-efficient manner, 
especially when they are unoccupied.  

As travel returns, we can expect a significant rebound in transport emissions, even 
if some of the positive behaviour changes (e.g. increased cycling, less business 
travel) made in response to the pandemic can be locked in through investment in 
active travel and broadband. But even with progress in reducing emissions from 
other sectors, UK emissions in 2021 may well be higher than in 2020.  

The focus must be on underlying progress in order to make lasting reductions in 
territorial and consumption emissions. Underlying progress to date has been 
insufficient outside electricity generation: 

• There has been little of the necessary progress in upgrading the building
stock. Insulation rates remain well below the peak market delivery
achieved up to 2012 before key policies were scrapped, demonstrating 
clear potential for growth if an effective policy package is put in place.
Despite a small improvement in the rates of heat pump installation, these
remain far below the levels that are necessary.

• Progress in agriculture and land use has repeatedly failed to meet the
indicators (e.g. for tree planting and on-farm efficiency measures) outlined
in the Committee’s progress reports in recent years. There are signs of
potential consumer willingness to shift towards less carbon-intensive diets in

The impact of COVID-19 on 
travel demand led to an 
unprecedented 29% fall in 
transport emissions in 2020. 

Emissions in 2021 may well be 
higher than in 2020, even with 
positive developments. 

Sustained progress in reducing 
emissions will need underlying, 
structural changes. 
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future, but this has not yet translated to reduced meat consumption or 
been backed up by policy to support the change. 

• Progress in reducing emissions from waste has stalled in recent years 
following a period of steep emissions reduction from the late-1990s caused 
by the diversion of waste from landfill.

• Deployment of renewable electricity generation has scaled up rapidly. 
Although the increase in 2020 was at a much slower rate than the average
achieved over the previous five years, the growing project pipeline means 
that this slowdown is likely to be temporary.

• Sales of electric vehicles and the deployment of supporting charging
infrastructure have increased considerably in recent years. Policies will be
required to drive the accelerated uptake required throughout the 2020s
(e.g. a zero-emission vehicle mandate). There are also concerning trends, 
notably the rapid growth in car and van travel during the past decade.

• Although there have been emissions reductions in industry, it is unclear how
far this reflects structural changes driven by wider factors or genuine
improvements in efficiency and carbon intensity.

UK emissions are nearly 50% below 1990 levels, but the journey to Net Zero is far 
from half done. Government must now match its bold statements of ambition with 
effective policies and implementation, and it must move at pace if it is to deliver 
against the UK’s stretching targets. 

Figure 1 Changes in UK emissions by sector 

Source: BEIS (2021) 2020 UK Greenhouse Gas Emissions, Provisional Figures. 
Notes: LULUCF = Land use, land-use change and forestry. Estimates of emissions for sectors with large proportions of non-
CO2 emissions are not shown on the right-hand chart. Final estimates of 2020 emissions in these sectors will be 
published in early 2022. The sectoral emissions for aviation and shipping include the UK’s share of international 
aviation and shipping emissions, and are CCC estimates. 

UK emissions are nearly 50% 
below 1990 levels, but the 
journey to Net Zero is far from 
half done. 
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Box 1 
Impacts of the COVID-19 pandemic on UK emissions in 2020 

Lockdown measures led to a record decrease in UK emissions in 2020 (Figure 1). Emissions 
fell by around 13% overall with the largest falls in aviation (-60%), shipping (-24%) and 
surface transport (-18%). Home energy use increased, with residential buildings the only 
sector to show an overall increase in emissions (+2%). 

The fall in emissions in 2020 will have practically zero impact on the UK’s past and future 
contribution to global warming. 

Most of the falls in sectoral emissions observed in 2020 are likely to be transient, as they do 
not reflect structural changes in the underlying economic, social, energy, transportation 
or land systems. In the absence of these underlying changes, emissions are likely to 
rebound to some extent in most sectors in 2021. 

However, the last year has seen some large changes in patterns of behaviour due to the 
pandemic. The extent to which these changes will endure is currently unclear. In 
particular, there is potential for lasting impacts from new working patterns and changes 
to personal transport choices, with complex and uncertain implications for how our 
domestic and international transport systems work and the demand for energy in homes 
and workplaces. 

The lasting impacts of the pandemic are still far from certain, but the experience from the 
last year has shown:  

• Emissions fell rapidly, but they can rebound just as quickly. In the absence of
underlying structural changes emissions are likely to rebound in most sectors in 2021.

• There is a limited window to change behaviours. If sources of ‘behavioural friction’ in
moving from one pattern of living and working to another can be overcome, people
and organisations can often adapt quickly. There are now significant opportunities to
lock in and build on positive developments, especially – though not exclusively –
regarding travel demand.

• The need for increasingly resilient networks and infrastructure. Our energy (and
digital) networks have demonstrated they can be resilient to profound changes in
use. The transition towards Net Zero will only increase the challenges of operating an
electricity system with high shares of variable and inflexible generation. The non-
residential buildings stock can also be improved to respond more efficiently to
variations in occupancy.

• Lockdown is not a blueprint for decarbonisation. The fall in UK emissions in 2020 was
larger than the annual change needed on the pathway to Net Zero, but did not 
materially affect the structural changes that are needed to reach Net Zero.
Lockdowns heavily restricted movement and had damaging economic and social
consequences. This stands in contrast to the fair, well-planned and sustainable 
transition to Net Zero that is possible. Net Zero should bring improvements to quality of
life: new jobs, cleaner air, quieter streets, more green spaces, comfortable homes
and healthier lifestyles.

It will be important to sustain climate-positive changes that have developed during the 
pandemic, but also to act decisively to mitigate the negative changes that could 
jeopardise efforts towards Net Zero. 
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2. Ambition on the path to Net Zero

The Government has moved to align many of its sectoral commitments with those 
implied by a Net Zero pathway, significantly strengthening its ambitions since the 
2017 Clean Growth Strategy. Individual plans and policies published in recent 
months have set ambitions closer to those recommended by the Committee. But a 
notable overall shortfall is now emerging between what has been announced so 
far and the Committee’s detailed recommendations for the Sixth Carbon Budget. 
The late publication of several strategies is also disappointing and means that we 
have only a partial picture of ambition: 

• A number of the important elements of the overall Net Zero Strategy have
been delayed. At the time of finalising this report, a range of strategies
expected in 2020 had not yet been published, including the Heat and
Buildings Strategy, the Transport Decarbonisation Plan, the Treasury’s final
Net Zero Review, the Aviation Decarbonisation Strategy and the Nature
Strategy. Even with these, there are likely to be gaps. We highlight the need
to fill a range of gaps on strategy and policy in section 4.

• Announced ambition for electric cars and vans, offshore wind, low-carbon
hydrogen production, industrial decarbonisation to 2030 (but not to 2035)
and tree planting to 2025 is broadly in line with the Committee’s scenarios
(Table 1). This is commendable. Together, areas where ambition is
beginning to align with the CCC pathway cover almost half of the
emissions reduction required for the Sixth Carbon Budget (Figure 2). We
expect this to rise further during 2021, as additional strategies are released.

– These clear commitments have seen responses in the market and from
the public. For example, announcements from car manufacturers and
increased interest in electric cars have followed the Government’s
commitment to phase out petrol and diesel cars and vans by 2030. 
However, clear policies will be required to make this a reality.

– In other areas, companies are also voicing support for increased 
ambition, such as for full electricity decarbonisation by 2035, phasing
out installation of high-carbon heating systems, rebalancing electricity
and gas prices to support electrification, and support for fitting carbon
capture, utilisation and storage (CCUS) on Energy from Waste plants.

• However, where ambition has diverged from the CCC pathway to meet
the Sixth Carbon Budget, there has been a tendency for ambition to fall
short rather than go further (e.g. heat pump deployment that is a third 
lower in 2028, total CCS ambition that is around half in 2030) (Figure 3).

The Government is not required to commit to the Committee’s detailed sectoral 
pathways, nor to follow our policy advice. But it must set out a credible alternative 
approach where it chooses not to. Our pathways are designed to be stretching 
across the economy, so it is difficult to compensate for lower ambition in one area 
with greater ambition elsewhere. The Net Zero Strategy, released later this year, will 
have to address the shortfall, strengthening weaker commitments to be closer to 
the Committee’s pathways or setting out how emissions can be cut faster in other 
areas to compensate. 

Announced ambition in many 
areas is in line with, or close to, 
the necessary level. 

However, there has been a 
tendency for ambition to fall 
short of our recommended 
pathway to meet the Sixth 
Carbon Budget.  
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Important gaps also remain in terms of the scale of the Government’s ambition in 
certain sectors, while there is a danger that several of the broad ambitions 
announced are implemented in a way that would fall short of the CCC scenarios: 

• Consumer choices. So far, the Government’s announcements have
focused on technologies and largely ignored the potential for changes in 
consumer choices to reduce emissions. These are particularly important to
limit emissions in ‘hard to abate’ sectors, such as aviation and agriculture.
We note that there are a wide range of levers available to promote
low-carbon choices, including enabling measures and nudges, ensuring
supporting infrastructure is available, and more interventionist measures
using regulations and the tax system.

• Ambiguity in ambition. While some commitments have been made that
could be at least as ambitious as our pathways, there remain risks that real-
world implementation could fall short. For example, the announced 2030
phase-out date for sale of petrol and diesel cars and vans will allow sale of
vehicles with ‘significant zero-emission capability’ until 2035, well after the
2032 date by which we recommend all such vehicles should be fully zero-
emission. The definition of which vehicles can be sold after 2030, currently
subject to consultation, will be crucial in ensuring that emissions and 
motoring costs are kept as low as possible by prioritising fully zero-emission
vehicles over hybrids.

There also remain a range of issues that have not yet been tackled, and which do 
not fit neatly into sectoral strategies (see section 4). The Net Zero Strategy will need 
to fill remaining gaps, clarify existing ambitions, set out a vision for the governance 
of the transition and ensure that the ambition across the board adds up to a 
credible and quantified approach to meeting the Sixth Carbon Budget and Net 
Zero target. 

Figure 2 Is Government ambition on track? 

Source: CCC analysis; CCC (2020) The Sixth Carbon budget – The UK’s path to Net Zero 
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Important gaps remain in 
Government ambition, 
particularly on the demand 
side, and other ambitions need 
clarification. 

The Net Zero Strategy will need 
to ensure that ambition across 
the board adds up to a 
credible approach to meeting 
the targets. 
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Headline actions Government commitment ¹ CCC pathway 

Offshore wind 40 GW by 2030 40 GW by 2030 

Electric vehicles Phase-out of new fossil fuelled vehicle 
sales by 2030, with allowance for some 
hybrids out to 2035 

Phase-out of all new fossil-fuelled 
vehicle sales by 2032 

Heat pumps in homes 600,000 heat pump installations / year by 
2028 

900,000 heat pump installations / year 
by 2028 

1.1 million installations / year by 2030 

Low-carbon heat networks 
(all buildings) ² 

2 TWh of low-carbon heat networks by 
2030 

25 TWh of low-carbon heat networks 
by 2030 

Low-carbon hydrogen 5 GW (up to 42 TWh) by 2030 30 TWh by 2030 

Carbon Capture and Storage ³ 10 MtCO2 captured and stored annually 
by 2030, across four industrial clusters, 
including at least one power project 

22 MtCO2/year captured and stored in 
2030, across at least five industrial 
clusters, including multiple power 
projects 

Emissions reduction in 
manufacturing and refining 

Around two-thirds by 2035, compared to 
2018 

73% by 2035, compared to 2018 

Tree-planting 30,000 hectares / year by 2025 30,000 hectares / year by 2025 

50,000 hectares / year by 2035 

Peatland restoration  32,700 hectares / year by 2025 67,000 hectares / year by 2025 

Greenhouse gas removals Innovation support provided, in 
recognition that engineered removals will 
be needed, but no firm commitment on 
deployment yet 

5 MtCO2/year by 2030 

Nuclear power 5 Final Investment Decision on at least one 
new nuclear power plant by the end of 
this Parliament 

One new nuclear plant operational by 
2030, and a further plant by 2035 

Table 1 
Government commitments compared to the CCC Pathway between 2025-2035 

Source: CCC analysis. 

Notes: 

¹ Based on actions in the Ten Point Plan, Energy White Paper, Industrial Decarbonisation Strategy and England Tree and Peat Action Plans between 2025 
and 2035 and the CCC’s Balanced pathway from the Sixth Carbon Budget. 

² Government commitment on low-carbon heat network deployment is illustrative, and has been inferred from Government spending commitments, using 
assumptions around expected leveraged investment and the proportion of funding targeted at low-carbon networks. 

³ The difference in carbon captured and stored annually largely comes from projects in the power sector in CCC scenarios, so other technologies could 
compensate for this shortfall. 

 Government peatland restoration commitments include Scotland, Wales and England. CCC peatland restoration numbers in 2025 are UK-wide. 

5 The Balanced Pathway produced for the CCC’s Sixth Carbon Budget assumed that two new nuclear power stations would be in operation by 2035, in 
addition to Hinkley Point C. 
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Figure 3 Differences in stated Government 
ambition compared to CCC pathway 
 

Notes: Comparisons are against the Balanced Net Zero Pathway (‘CCC pathway’) published in the Committee’s 
Sixth Carbon Budget advice. 
¹ Government CCS ambition for is 10 MtCO2/year in 2030, compared to 22 MtCO2/year in the CCC pathway. 
² The level of diet change without explicit policy to support it is uncertain. Emissions could be up to 7.2 MtCO2e/year 
higher than the CCC pathway in 2030. 
³ Lack of ambition for aviation demand management would result in higher emissions of 6.4 MtCO2e/year in 2030 
relative to the CCC pathway for aviation emissions. 
⁴ The Industrial Decarbonisation Strategy aims for a 67% reduction by 2035, compared to 73% in the CCC pathway. 
⁵ Government ambition is for 600,000 installations in homes in 2028, compared to 900,000 in 2028 in the CCC 
Pathway. The abatement gap in 2030 is inferred, based on an assumed trajectory of uptake to 2028 under the 
Government’s plans, with annual deployment remaining constant to 2030. 
⁶ The North Sea Transition deal commits to a reduction that falls short of the CCC pathway by 3.7 MtCO2e/year in 
2030. 
⁷ Based on announced Government heat network investment of £0.7 billion (assumed to leverage £2.2 billion, 
leading to a total investment of £2.9 billion, of which we estimate £1.7 billion will be for low-carbon, with resulting 
deployment estimated by CCC). 
8 A strict 2030 phase-out of petrol and diesel vehicles would be more ambitious than the CCC pathway, but this 
depends on the timing of when plug-in hybrid electric vehicles are phased out. 
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3. Policy progress on the path to Net Zero

Comprehensive policy frameworks are needed to drive the major scale-up in 
delivery required by the path to Net Zero. Of the 92 recommendations we made in 
our 2020 progress report, 72 (i.e. over 75%) have been either achieved, partly 
achieved or are underway. Clearly, policy progress is being made, but it is not yet 
happening at the necessary pace – only 11 have been achieved in full. 

In many cases, a strategic commitment has been made, but details of policy 
implementation have not yet caught up with the high-level ambition (Figure 4).  

• Progress on setting out policies is significantly behind that on ambition, with
only one-fifth of the emissions savings for the Sixth Carbon Budget having 
policies that are ‘potentially on track’ for full delivery (e.g. renewable
electricity generation).

• In many other areas, some policy plans have been set out but these lack 
detail and/or do not comprehensively cover the necessary set of issues.
Together, areas in which policy is in danger of falling behind cover around 
three-fifths of the emissions reduction required to 2035.

• A further one-fifth of the emissions reductions still have major policy gaps, 
including on demand-side action and tackling emissions from landfill and
waste incineration. We highlight the need to fill a range of policy gaps in
section 4.

The Government has recognised the need to extend delivery, and has launched 
or begun development of a major programme of strategies, consultations and 
policies covering all the major emitting sectors (i.e. energy supply, industry, 
transport, buildings, agriculture and land use). That process is ongoing as this report 
is published (Box 2). 

We have also seen, through the failure of the Green Homes Grant, the challenges 
of real-world implementation and the need for well-designed and well-executed 
schemes that properly address the barriers to decarbonisation. Failures cannot be 
avoided completely, but it is critical that effective replacement policies are put in 
place quickly, drawing on the experience of previous schemes. The Net Zero 
transition requires a consistent framework that enables supply chains and public 
buy-in to build over time, without confidence being undermined by sudden policy 
changes or poor delivery. While the Local Authority Delivery part of the Green 
Homes Grant scheme has been more successful, there is an urgent need for well-
designed, fully-funded policy that works for deployment of energy efficiency 
improvements and low-carbon heat in the rest of the residential sector. 

More generally, there is a need for a coherent approach to achieving Net Zero 
and to ensure that all Government policies are compatible with the transition to 
Net Zero, together with adapting to climate change. Decisions on road building, 
planning, fossil fuel production and expansion of waste incineration are not only 
potentially incompatible with the overall need to reduce emissions but also send 
mixed messages and could undermine public buy-in to the Net Zero transition. We 
recommend implementation of a ‘Net Zero Test’ to ensure that all Government 
policy decisions are compatible with the legislated emissions targets. 

Policy progress is being made, 
but it is not yet happening at 
the necessary pace. 

A coherent approach is 
needed to achieving Net Zero. 
All Government policies need 
to be compatible with the 
transition to Net Zero and the 
need to adapt to climate 
change. 
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The Government should now focus on delivering their stated policy aims, scaling 
up the rate of delivery rapidly and putting in place a comprehensive policy 
framework this Parliament (i.e. to 2024).  

Figure 4 Are Government policies on track? 

 Source: CCC analysis; CCC (2020) The Sixth Carbon budget – The UK’s path to Net Zero. 

Box 2 
Highlights of recent and upcoming policy developments 

There have been several high-profile policy publications in the last eight months: 

• The Ten Point Plan for a Green Industrial Revolution and the accompanying National
Infrastructure Strategy set a series of headline commitments across the economy that
could contribute to Net Zero. Key commitments by 2030 include: 40 GW of offshore
wind capacity, 5 GW of hydrogen production capacity, phasing out petrol and
diesel cars and vans by 2030 (with some hybrids permitted until 2035), four CCS
clusters capturing 10 MtCO2 annually and 600,000 heat pumps installed annually
(by 2028). The Plan allocated initial funding including a £1 billion Net Zero Innovation
Portfolio and kicked off processes to support delivery of the headline goals and
others such as tree planting, sustainable aviation fuels, low-carbon buses and HGVs,
greenhouse gas removals, nuclear power, and green finance. Job creation was a
key objective, supported by the launch of a Green Jobs Taskforce.

• The Energy White Paper took further steps to support the Ten Point Plan. These
included consultations and explorations of policy options to support a fairer and
more flexible energy system, commitments to support at least one power CCS
project by 2030, an aim for a final investment decision on one nuclear power plant
this Parliament and additional funding for advanced nuclear innovation, a review of
institutional arrangements for the energy system, support for electric vehicle
charging, a commitment to phase out installation of fossil gas boilers by the mid-
2030s, a commitment to set up a UK ETS and to align its cap to the path to Net Zero,
and announcements on hydrogen, CCS, industry and oil and gas extraction.

• The Industrial Decarbonisation Strategy set a goal to cut industry emissions by around
two-thirds from 2018 to 2035. It committed to several calls for evidence, set out
preferred options for some funding mechanisms and allocated some initial funding.
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• The North Sea Transition Deal set targets to reduce emissions from oil and gas supply
by 10% in 2025, 25% in 2027, and 50% in 2030 against a 2018 baseline. In addition, the
deal outlined how the oil and gas sector could support the deployment of hydrogen
and CCS, as well as help hydrocarbon workers during the energy transition.

• The Peat and Trees Action Plans published in May sets out England’s ambition for
peat restoration (30,000 hectares by 2025) and new woodland (7,000 hectares per
year by 2025). The Nature for Climate Fund will be the main source of public funding
during this period, providing £50 million for peat and £500 million for trees, with
options being developed to leverage private sector finance. There is no stated
ambition beyond 2025 for either restoration or tree planting, although there is a
commitment in the Plan to consult in 2022 on the long-term woodland creation
target.

Other publications that have been promised but not yet delivered (by early June 2021, 
when this report was finalised) include: 

• Treasury Net Zero Review. HM Treasury (HMT) released its interim review in December,
concluding that reaching Net Zero is essential for long-term prosperity, that the costs 
of tackling climate change are relatively small and depend on policy choices, that a
mix of policy levers will be required, and that well-designed policy can reduce costs
and risk for investors as well as supporting innovation and the deployment of new
technologies The final report will look at reducing policy uncertainty to encourage
innovation, the scope for addressing risks to competitiveness, more detailed analysis
of household impacts, and crucially, how HMT can incorporate climate
considerations into spending reviews and fiscal events and how to embed the
principles of the Net Zero Review into policy making.

• The Heat and Buildings Strategy will set out further detail on the Government’s plans
for decarbonising heating in the UK, along with the ‘suite of policy levers’ it intends to
‘use to encourage consumers and businesses to make the transition’.

• The Transport Decarbonisation Plan is the Department’s ‘plan to decarbonise the UK’s
entire transport system’. It will cover active travel (i.e. walking and cycling) and
public transport; the transition to zero-emission road vehicles (e.g. electric cars) from
the perspective of the consumer, suppliers and the energy system; freight and
logistics; and aviation and shipping.

• Net Zero Aviation Strategy. In light of the UK’s new Net Zero target, the Government
has committed to a new consultation on aviation decarbonisation in 2021, followed
by a Net Zero aviation strategy before COP26.

• The Hydrogen Strategy will consider how to support the scale-up of low-carbon
hydrogen production, as well as the interaction with storage, distribution and
potential end-use demand. It will set out details of hydrogen business models and a
revenue mechanism for bringing through private-sector investment, and support for
the demand side such as heating trials and support for hydrogen in shipping.

• The Biomass Strategy will coordinate across Government departments to assess how
biomass should be sourced and used across the economy to contribute best to Net
Zero. It will review the UK’s current biomass sustainability standards and outline the
role of BECCS in delivering greenhouse gas removals.

• National Food Strategy. Part Two of the Strategy will cover the environmental impact
of our diets (including GHG emissions) and land use.

Alongside these major statements, there have been many smaller, but important, policy 
developments, including in the buildings sector ahead of the delayed strategy. These are 
covered in Chapter 4 of this report. 

Source: Quotes on future policy plans taken from the Ten Point Plan, Energy White Paper, Net Zero Review: Interim 
Report, National Infrastructure Strategy, Industrial Decarbonisation Strategy. 
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4. Policy priorities and broadening progress across Government

Overall, there has been important progress in the last year. However, we see 
evidence of a multi-paced Government, with some departments lagging behind 
others (Table 2): 

• The Ministry of Housing, Communities & Local Government (MHCLG) is not
fully supporting local government to play its part in the transition to Net
Zero. Progress has fallen short to date on ensuring that building standards
are fit for purpose and properly enforced. The current Planning Bill misses
the powerful opportunity to ensure that developments and infrastructure
are compliant with Net Zero and appropriately resilient to climate change.

• While the Department for Environment, Food & Rural Affairs (Defra) has
made important steps forward on ambition for afforestation and peat
restoration, progress on agriculture and land use remains slow and partial,
and gaps in ambition remain. On waste, large gaps remain both on
banning materials from landfill and getting a grip on the rapid expansion of
Energy from Waste facilities.

• Even within departments that are performing better overall there are
pockets of poor or slow performance. For example, BEIS’s Heat and
Buildings Strategy has been delayed by almost a year, while the
Department for Transport has not set out any plans for limiting growth in
aviation demand.

• More generally, Government progress has been slow on overarching 
challenges towards Net Zero, which has now been law for two years. The
most notable delay is to HM Treasury’s Net Zero Review, but there are
delays and uncertainty to a suite of other challenges: the just transition, jobs
and skills, public engagement. In the Spending Review later this year, the
Treasury must prioritise Net Zero, ensuring departments are fully equipped to
deliver the carbon budgets. There is also a need for strong governance of
the transition within Government, including ensuring that wider policy
decisions are routinely made compatible with Net Zero.

For the full programme to align to the challenge, and to provide the leading 
example that the Government wishes to take to COP26, these failures will have to 
be addressed.  

There has been important 
progress in the last year. 
However, we see evidence of 
a multi-paced Government.  

All parts of Government must 
play their full role to deliver the 
path to Net Zero.  
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Department Progress against last year’s recommendations 

Cabinet Office & No. 10 

FCDO, BEIS & the COP26 Unit 

HM Treasury 

Department for Business, Energy and Industrial Strategy 

Department for Environment, Food and Rural Affairs 

Department for Transport 

Ministry of Housing, Communities and Local Government 

Department for Education 

Department for International Trade 

Department of Health and Social Care 

Ministry of Defence 

Home Office & Ministry of Justice 

Department for Digital, Culture, Media and Sport 

Department for Work and Pensions 

 = action achieved,  = underway,   = partly achieved,  = overdue,  = not achieved. 

Cross-cutting priorities 

Several cross-cutting issues must be addressed to enable sectoral strategies and 
plans to be rolled out effectively. These are essential in calibrating the public’s 
expectations for what lies ahead and building broad public support for the 
changes: 

• A comprehensive Net Zero strategy is needed this year to fill gaps in
ambition and pull together a coherent story of how sectoral efforts fit
together to achieve the Net Zero target and carbon budgets. The inclusion
of international aviation and shipping in the Sixth Carbon Budget allows for
the first comprehensive look at a pathway to Net Zero covering all sectors.
It should also commit to a ‘Net Zero Test’ to ensure that all Government
decisions are compatible with the legislated emissions targets.

Table 2 
Progress against departmental recommendations in the Committee’s 2020 Progress Report to Parliament 

Notes: Based on recommendations in the CCC’s 2020 Progress Report to Parliament. Recommendations for all departments, or those relating to 
adaptation are not included in this table. Some recommendations apply to more than one department, so the sum of recommendations in this table 
does not add up to the 92 cited in the text. Tables of recommendations and scores is in the supplementary material published alongside this report. 

Cross-cutting issues must be 
addressed to enable sector-
specific strategies and plans to 
be rolled out effectively.  
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• A plan for achieving a just transition for people, workers, consumers and
regions, which ensures that opportunities are taken to create jobs and
improve the skills base while maintaining international competitiveness.
Alongside this, a credible plan is needed for the fair funding of the
transition, starting with completion of the Treasury’s Net Zero Review, as well
as ensuring that investment is supported by strong financing.

• Public engagement around the need for climate action, the health
co-benefits of low-carbon choices, information about how individual
actions can contribute to reducing emissions and involvement in decisions
on how best to achieve the transition.

• A framework for local delivery to deliver ambitious climate objectives at
different scales (i.e. devolved administrations, regions and local authorities),
through workable business models, removal of barriers to action, dedicated
resource and an approach that facilitates sub-national action to
complement action at the national level.

• Plans must make climate adaptation an integrated part of the transition to
Net Zero. Across multiple areas, and in particular on buildings and land use,
there are benefits to thinking holistically about how policy can reduce
emissions, while ensuring it improves resilience to the UK's changing climate.
Like Net Zero, climate adaptation will also need to be integrated into core
Government policy.

Essential elements of the transition to Net Zero 

Progress is needed across a wide range of areas in order to get on track to Net 
Zero. However, there are several indispensable parts to the transition. We have 
identified seven priority areas for the Government in which it is crucial that good 
progress is made, covering a subset of the approximately 200 recommendations 
for UK Government departments and the devolved administrations for the next 
year. These are primarily focused on delivery: 

• Develop and implement a comprehensive policy package to enable the
delivery of the 2030 transition to electric vehicles, to build on the phase-out
announcement and the positive response of automakers and motorists. This
should include a full strategy for widespread deployment of charging
infrastructure and a mandate requiring manufacturers to sell a rising 
proportion of zero-emission vehicles.

• Implement a comprehensive policy package for buildings decarbonisation,
and enshrine the long-term standards framework in regulation and law, to
deliver the ambitions of the upcoming Heat and Buildings Strategy and 
finalise the roadmap for decarbonising the UK building stock.

• Implement comprehensive delivery mechanisms for landscape-scale land
use change for afforestation and peatland restoration and a high take-up
of low-carbon farming practices. This should cover mechanisms for private
and public financing and a strategy to address non-financial barriers.
Interim policies will be needed to avoid a hiatus in action while awaiting 
the implementation of the new mechanisms.

• Advance policy for manufacturing decarbonisation by establishing
incentive mechanisms to support fuel switching and implementing CCS
proposals. Alongside this, initiate the development of product and 
construction standards both to improve energy and resource efficiency 

We have identified seven 
indispensable elements to the 
transition, on which it is crucial 
that good progress is made.  
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and to develop the option of managing carbon leakage by applying 
carbon policy to imports. 

• Continue auctions for low-carbon power generation, together with
supporting actions to enhance system flexibility, to deliver an emissions
intensity of 50 gCO2/kWh or better in electricity generation by 2030.

• Deliver a Hydrogen Strategy that sets out a vision of the role of hydrogen on 
the path to Net Zero and the steps needed to realise it. The strategy should 
focus on hydrogen use in sectors that cannot decarbonise without it and 
low-carbon hydrogen production routes to 2035 with aims to start large-
scale hydrogen trials in the 2020s.

• Enable domestic engineered greenhouse gas removals (GGR) to
contribute to UK carbon budgets and Net Zero, and establish GGR support
mechanisms and monitoring, verification and reporting (MRV) structures in
the UK that ensure that GGR is timely, sustainable and verifiable.

Gaps that must be addressed 

Our assessment of strategies and policies announced to date has identified 
specific key gaps that need to be addressed by Government policy: 

• Commit to phasing out unabated gas-fired electricity generation by 2035,
subject to ensuring security of supply. Publish a comprehensive long-term
strategy for unabated gas phase-out, including ensuring new gas plants are
properly CCS- and/or hydrogen-ready as soon as possible and by 2025 at
the latest, and thoroughly assessing the market challenges that will emerge
as part of the transition to a fully decarbonised electricity system.

• Include contributions in the Net Zero Strategy from demand-side action, on 
aviation, a shift towards healthier diets and a switch away from cars
towards active travel and public transport. This should be accompanied by
public engagement to explain how low-carbon choices can contribute to
Net Zero and wider co-benefits to health, and policy frameworks that seek
to encourage and incentivise these changes.

• Address with urgency the rising emissions from, and use of, Energy from
Waste (EfW), including by ensuring that the capacity and utilisation of EfW
plants is consistent with necessary improvements in recycling and resource
efficiency, providing support to enable existing EfW plants to begin to be
retrofitted with CCUS from the late 2020s, and introducing policy to ensure
that any new EfW plants are built either with CCUS or are ‘CCUS ready’.

• The overdue Net Zero Aviation Strategy must set out credible pathways and 
policies to encourage technological development in the sector but also 
recognise the potential need to manage aviation demand in future, should
improvements in sustainable aviation fuels and low-carbon aircraft fall short
of Government and industry ambitions. An assessment of the UK’s airport
capacity strategy and a mechanism for aviation demand management
should be part of the aviation strategy.

We make a more comprehensive set of recommendations in the departmental 
recommendation tables at the end of this report. 

There are specific policy gaps 
that must be addressed on 
unabated gas generation, 
demand-side action, waste 
and aviation demand. 

We make a comprehensive set 
of recommendations in the 
Departmental tables at the 
end of this report.  
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5. The Committee’s changing role

As Government makes the shift to focusing on implementation, the Committee’s 
task must also evolve towards a focus on real-world progress and tougher scrutiny 
of Government plans. Over the coming year the Committee will develop deeper 
metrics of progress and consider a better dashboard of indicators. We are also 
broadening our outlook: 

• Broader view of real-world progress. The transition to Net Zero requires
changes that go beyond the deployment-related metrics we have tended
to track to date. We will seek to broaden our assessment of real-world
progress, including public attitudes, corporate commitments, finance and
the green recovery, as well as consumption emissions and the factors
affecting them.

• Governance and enabling delivery. The challenge of tackling climate
change mitigation and adaptation in a joined-up, coherent way requires a
governance structure within central Government and at different
geographical scales. We will increasingly look at coordination within UK
Government and the interactions with action at the devolved government
and local levels.

• Non-government action. The transition of UK society towards Net Zero must
involve a wide range of actors. We will seek to broaden our advice to give
more attention to enabling lifestyle changes and low-carbon choices, 
corporate strategies, local authority action and community action.

• The UK as part of global action. We will seek increasingly to locate the UK’s
transition within the wider international transition, which is set to gain pace,
with important implications for technologies, options and costs, and for
policy design (e.g. because of carbon-border adjustment mechanisms). 
We have also been engaging and sharing lessons with similar bodies to the
CCC around the world.

• Fairness and the just transition. We are focusing more on fairness, jobs, skills 
and the equitable distribution of costs and benefits over the transition.

We look forward to assessing the Government’s Net Zero Strategy later this year, 
and will aim to align our progress metrics and monitoring with the Government’s 
proposals where we consider those to be credible. 

The rest of this report is set out in four chapters: 

1. The global context

2. UK emissions and drivers

3. Underlying progress and enablers of progress

4. Policy progress and gaps

We then set out detailed recommendations for each UK Government department 
and the national Governments of Scotland, Wales and Northern Ireland in an 
annex of tables at the end of this report. 

As Government makes the shift 
to focusing on implementation, 
the CCC’s task must also 
evolve to focus on real-world 
progress and tougher scrutiny 
of Government plans.  

The Committee’s next major UK 
report will be an assessment of 
the Net Zero Strategy. 
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Introduction 

The 26th Conference of Parties (COP26) to the United Nations Framework 
Convention on Climate Change (UNFCCC), which will take place in Glasgow later 
this year, was conceived under the Paris Agreement as a key moment to raise 
global ambition. This chapter outlines global progress in tackling climate change 
ahead of the COP26 negotiations.  

Our conclusions are: 

• COVID-19 related measures had a large, but temporary, impact on global 
emissions in 2020. Global emissions fell by 6% in 2020 relative to 2019 levels 
for the year as a whole, with significantly larger falls in individual countries 
(particularly developed countries) at the height of lockdowns. These 
reductions in emissions have proved temporary, with global emissions rates 
increasing when lockdown measures were lifted. Sustained reductions of 
similar magnitude to those in 2020 will be required over several decades to 
achieve the Paris Agreement long-term temperature goal. Fundamentally 
different ways of reducing emissions to those in 2020 will be required to 
achieve this, although behavioural changes (e.g. reduced long-haul 
business travel) could have long-term benefits if maintained.  

• Transitions to low-carbon and low-cost alternatives in electricity and road 
transport are now underway around the world but need to be scaled up. 
Rapid falls in the costs of renewable electricity generation and electric 
vehicles (EVs) mean that these technologies are now (or very soon will be) 
at cost-parity with fossil fuel-based alternatives in large parts of the world. In 
these areas commitments from Governments and companies are being 
made that would imply a rapid transition. However, commitments need to 
be delivered and become more global to achieve the emissions reductions 
over this decade consistent with the Paris Agreement. The provision of 
supporting infrastructure (e.g. charging points for EVs) will also be necessary 
to deliver this.    

• There has been a significant increase in global ambition ahead of COP26, 
but even if met, expected emissions in 2030 would remain well above Paris 
Agreement compatible pathways. Most G7 countries have now raised 
ambition, with pledged decarbonisation pathways from these countries 
approaching alignment (on aggregate) with those seen in modelled global 
pathways consistent with the Paris Agreement. Significant additional 
ambition will be required to close the remaining global ‘emissions gap’ to 
pathways expected to keep warming ‘well-below’ 2⁰C, or ideally to 1.5°C, 
above preindustrial levels. These necessitate rapid transitions in developing 
and emerging economies, that are expected to make up the majority of 
future emissions. Developed countries have an important role in helping 
other countries to increase ambition, including through climate finance. 
Achieving progress on issues of climate finance and adaptation at COP26 
will be essential for achieving increases in global ambition on reducing 
emissions.         

Our analysis is summarised in three areas:  

1. Global climate, emissions and energy use in 2020  

2. Global progress in decarbonisation indicators  

3. Progress in international climate policy  

This chapter summarises global 
developments in tackling 
climate change ahead of 
COP26.  
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1. Global climate, emissions and energy use in 2020

2020 was one of the warmest years on record, with climate impacts felt around the 
world. Global greenhouse gas (GHG) emissions remain high compared to historical 
levels. This is despite emissions and energy use in 2020 being significantly affected 
by the measures to combat the global COVID-19 pandemic, with a mixture of 
short-lived and longer-lasting effects.  

This section covers the key indicators of global climate change and its drivers in 
three subsections: 

a) Global climate change

b) Global greenhouse gas emissions

c) Global energy use

a) Global climate change

Estimated global human-induced warming has now reached around 1.2⁰C above 
1850-1900 (an approximation for preindustrial levels) (Figure 1.1):*  

• Global mean surface temperature in 2020 was the joint warmest or second
warmest year on record across all prominent global temperature datasets,
with the six most recent years being the warmest six-year period in the
observational record.†

• All of the present day observed warming is estimated to be due to human
activities (+/- 20% uncertainty). Natural climate cycles and events (e.g. 
volcanic eruptions) are not thought to make a significant contribution to
the current level of global temperature above preindustrial levels. 

• Human-induced warming is rising at around 0.25⁰C per decade.‡ At this
present rate of increase, human-induced warming would exceed 1.5⁰C
above preindustrial levels (the lowest level referred to in the Paris
Agreement long-term temperature goal) by the early 2030s. 

The temporary falls in global CO2 emissions in 2020 associated with measures to 
address COVID-19 (section b) did not significantly affect the evolution of 
atmospheric carbon dioxide concentrations, global temperature or climate 
hazards, all of which continued to increase as they are primarily determined by 
cumulative global CO2 emissions over time.  

*  Revisions to UK Met Office dataset (HadCRUT), including providing more spatially complete estimates of global 
temperature have contributed to higher levels of warming above 1850 – 1900 and therefore contributed somewhat 
to increases in the estimate human-induced warming compared to previous years. 

†   The direct observational record of global temperature extends back to the mid-nineteenth century. In some records 
2020 was the joint warmest year (with 2016) and in some the second warmest.    

‡   This rate of increase in human-induced warming is based on a linear trend over the past decade.  

Global temperatures continue 
to rise rapidly – with human 
influence the driver. 
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Figure 1.1 Global average surface air 
temperature change 
 

Source: CCC analysis 
Notes: Each thin line represents a different global temperature dataset. The NOAA, GISS and ERA datasets are 
expressed relative to 1850 - 1900 using the offset over the 1981-2000 period from the HadCRUT5 dataset. Human-
induced warming is taken from globalwarmingindex.org. 

b) Global greenhouse gas emissions

For the year as a whole, global CO2 emissions from energy fell by around 6% in 
2020 (relative to 2019 levels), largely resulting from the effects of measures to 
address COVID-19.1 This drop in global emissions varied significantly across different 
regions, sectors and GHGs:  

• Sectors. Transport emissions displayed the biggest fall of all sectors through
2020 as it was most affected by the COVID-19 lockdowns. Around half of all
global emissions reductions came from transport. This reduction comes
largely from road transport emissions but aviation emissions were
particularly affected in proportional terms – falling around 50% below 2019
levels.

• Regions. The largest falls in emissions came from developed countries (e.g.
the United States and the European Union) where sectors that were
particularly impacted by COVID-19 lockdowns (such as transport) make up
a large share of emissions. China’s 2020 CO2 emissions increased by around 
1% over 2019 levels – this was in part due to the earlier impact of COVID-19
in China giving more time for economic stimulus to drive up emissions.

• Greenhouse gases. Accurate global data on GHG emissions from non-
energy sectors and for other GHGs is not yet available. It is expected that
there would be much more limited COVID-19-related impacts on these

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1850 1870 1890 1910 1930 1950 1970 1990 2010

W
ar

m
in

g 
(⁰

C
 r

el
at

iv
e 

to
 1

85
0-

19
00

)

NOAA
ERA
HadCRUT5

Berkeley
GISS
Cowtan & Way
Human-induced warming

COVID-19-related measures 
had a large impact on global 
emissions in 2020 – particularly 
in developed countries and the 
transport sector. 
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emissions than energy related CO2 emissions as the industries responsible for 
non-CO2 emissions (e.g. agriculture) were generally less disrupted.  

Temporary reductions due to COVID-19-related measures have now mostly 
recovered as restrictions have been relaxed. Where significant restrictions are in 
place emissions remain somewhat supressed below 2019 levels (Figure 1.2).  

Figure 1.2 Monthly CO2 emissions from the UK and 
large emitters over the COVID-19 pandemic 
 

 Source: Carbon Monitor 

c) Global energy use and economic growth

Global GDP is estimated to have fallen by around 3.3% from 2019 levels in 2020 as 
a result of the pandemic.2 Contractions in GDP were generally larger in advanced 
economies than developing ones, but with significant variation across countries 
(e.g. India saw GDP decline by around 7% relative to 2019 levels).  

This large fall in economic activity had large impacts on the patterns of energy use 
in 2020: 3   

• Global energy use fell by 4% in 2020, with the largest and most sustained
reductions occurring in advanced economies. 

• Fossil fuel use fell, with particularly large falls in oil use (9%) due to the large
curtailment in transport activity. Coal use fell by 4% primarily due to lower
electricity demand and the prioritisation of generation with low marginal 
costs (e.g. renewables). Gas use was less affected than other fossil fuels,
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Emissions rates around the 
world have now significantly 
recovered.  

Global GDP decreased in 2020 
with knock-on impacts on 
energy use.  

Fossil fuel use was more 
affected than energy use 
overall and global electricity 
use only declined slightly.  
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only falling by 2% relative to 2019 levels, in part due to increased switching 
to gas use in the power sector.  

• Electricity demand fell by 1% in 2020 relative to 2019 levels largely due to
curtailment of industrial and commercial use in the first half of 2020.
Generation from renewable sources grew at the largest rate ever – they
now generate 29% of total electricity, up from 27% in 2019 (with the total
low-carbon generation share now at 39%).

Current expectations are for a large rebound in 2021 in global GDP (~6% above 
2020 levels, 3% above 2019 levels), energy use (~4.5% above 2020 levels, 0.5% 
above 2019 levels) and CO2 emissions (~5% above 2020 levels, 1% below  2019 
levels).3 This would see annual global CO2 emissions rise back to close to (but still 
slightly below) 2019 levels in 2021. Significant uncertainty remains regarding the 
level of global emissions in 2021, which will be affected by both the continuing 
course of the pandemic and the effects of the economic recovery efforts 
underway around the world.  

Global emissions are expected 
to grow in 2021, but will likely 
remain below 2019 levels.  
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2. Global progress in decarbonisation indicators

The previous section described the considerable reductions in global energy use 
and GHG emissions that occurred in 2020 as a result of measures to address the 
COVID-19 pandemic. Although the impacts on global emissions were large, they 
are proving temporary as economic activity recovers. 

Achieving the global emissions pathways expected to be consistent with the Paris 
Agreement long-term temperature goal requires rates of emissions reduction 
nearly as large as those seen in 2020 to be sustained over several decades.* This 
will need a rapid and sustained transformation towards a global economy without 
GHG emissions – very different from the lockdown-related causes of emissions 
reduction in 2020.  

This section describes progress across several leading indicators of the global 
transition towards Net Zero emissions. This is summarised in three sub-sections: 

a) Transitions with emerging low or no cost low-carbon alternatives

b) Deep decarbonisation transitions needed for global Net Zero

c) Transitions in global land-use

a) Transitions with emerging low or no cost low-carbon alternatives

Significant progress has been made in reducing the cost of several key low-carbon 
technologies particularly driven through learning-by-doing following large-scale 
deployment over the last decade.4 In two areas critical to rapid global emissions 
reductions this decade, low-carbon technologies are now, or soon to be, as or 
more cost-effective than high-carbon alternatives: 

• Renewable electricity generation. Analysis from the International 
Renewable Energy Agency (IRENA) indicates that more than half of
installed renewable electricity generation capacity in 2019 was cheaper 
than new coal plant alternatives.5 IRENA estimated that over half of existing 
coal capacity in 2020 would produce more expensive electricity than
replacement with new utility-scale solar PV generation. Renewables are
also now increasingly cost-competitive with gas-fired generation with some
solar generation sources now producing the cheapest electricity in history.6

• Electric Vehicles. Analysis from Bloomberg New Energy Finance indicates
that the cost of batteries (the most expensive part of an EV) has fallen by
nearly 90% over the last decade and EVs are expected to be cheaper than
fossil fuel vehicles by the mid-2020s across a range of different vehicle
types.7

The emerging cost-competitiveness of low-carbon options in these two areas 
supports the prospect of a rapid global shift towards these technologies to meet 
demand for new investments in electricity generation and road transport. A large 
and rapid increase in the market penetration of these technologies is key to 

*  Global annual CO2 emissions fell by around 2.5 GtCO2 in 2020, with falls of around 1 – 2 GtCO2 per year in the global 
emissions rate required each year over the 2020s and beyond to keep warming to the Paris Agreement long-term 
temperature goal. Le Quéré, C, et al. (2021) Fossil CO2 emissions in the post-COVID-19 era. Nature Climate Change, 
11, 197–199.

This section looks at progress in 
the development and 
deployment of 
decarbonisation options 
around the world.  

Cost reductions means that 
low-carbon alternatives in 
power and road transport now 
have no or limited additional 
costs.  
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supporting the large reductions in global emissions by 2030 required in global 
pathways expected to be consistent with the Paris Agreement long-term 
temperature goal.  
 
Commitments and intentions from major markets suggest momentum is gathering 
behind a transition in several areas, but further and faster progress is still needed to 
make a big impact on global emissions: 

• Major car manufacturers are committing to a transition to EVs. A growing 
number of car manufacturers are making commitments to end sales of 
internal combustion engine cars. For example, Jaguar has committed to 
only selling EVs from 2025, Volvo has committed to becoming an electric 
only retailer by 2030, General Motors by 2035, and Honda by 2040 
(including fuel-cell vehicles). These manufacturer commitments support 
end dates for new international combustion engine cars targeted by 
several large car markets such as Japan (2035 date for ending petrol and 
diesel sales), California (2035 phase-out date) and the UK (2030).   

• EVs are rapidly growing as a market share of new car sales, but these 
growth rates need to be sustained. In 2020, the EV share of new sales in 
some large regions reached new highs (e.g. 10% in Europe and 6% in 
China). Despite the overall decline in passenger car sales these increased 
shares correspond to increased numbers of EVs sold, but the impact of 
COVID-19 on the global car market creates uncertainty about how the EV 
sales share will change over the coming years. Most major car markets will 
need to see battery EVs reach 100% of new sales by 2030 – 2040 under 
pathways expected to keep warming well-below 2⁰C.  

• Large electricity markets are signalling a shift to low-carbon sources. The 
USA (the world’s second largest electricity producer) has stated its intention 
to achieve a carbon-free electricity grid by 2035. Pathways to achieve this 
target require a large scale-up of low-carbon sources with the share of US 
electricity generation coming from low-carbon sources (mainly 
renewables) increasing from 37% today to 70-85% by 2030.8 China, the 
world’s largest electricity producer, has recently raised its target for the 
non-fossil electricity generation share for 2030 from 20% to 25%.   

• Projections for renewable deployment are being revised upwards, but 
investment needs to scale up faster. More than 80% of new electricity 
capacity added in 2020 came from renewable sources.9 The International 
Energy Agency (IEA) recently increased their forecast for capacity 
installations for wind and solar electricity generation over the coming years 
by around 40% relative to a year ago.10    

Other factors will also be important for supporting a rapid increase in the market 
penetration of these technologies. This includes adapting electricity systems for 
increasing generation shares from variable renewable sources and ensuring that 
sustainable supply chains, charging infrastructure, and recycling for the key 
mineral resources are in place to support a widespread, rapid scale-up in global 
EV sales. 
 
Achieving rapid global emissions reduction this decade will also require addressing 
the trends that are opposing emissions reduction (e.g. increasing sales of large 
sports utility vehicles around the world) and tackling the existing high-carbon 
capital stock in the global power sector which needs to be rapidly retired and 
replaced (Box 1.1).   
 

Momentum is gathering behind 
accelerated deployment in 
these sectors.  

Accelerating global 
deployment significantly this 
decade will require that other 
barriers are also addressed.  

The existing coal plants in the 
global power system must also 
be tackled.  

2148  



43 Climate Change Committee 

Box 1.1 
Emissions from coal-fired power generation  

Rapidly reducing global CO2 emissions from coal electricity generation is one of the key 
elements to rapid global emissions reductions consistent with the Paris Agreement. The IEA 
Net Zero by 2050 pathway requires no new coal-fired power plants from today with 
unabated coal generation eliminated from developed countries by 2030 and all 
countries by 2040.    

Current trends are far from consistent with a rapid reduction pathway:  

• The global pipeline for planned new coal power plants held constant in 2020
(following falls each year since 2015). This was almost entirely due to expansion in
China (which was the location for 76% of new capacity commissioned) as part of
stimulus measures related to COVID-19. New Chinese plants completed in 2020 more
than offset the net retirements in the rest of the world, increasing the global coal
generation capacity by 12.5 GW.

• Net retirements in coal capacity have thus far largely occurred in developed regions
with older coal fleets. Today around 60% of the current global coal capacity is under
20 years old (typical lifetimes can be 40 years or more) and is concentrated in
emerging and developing economies. If current plants are run to the end of their
natural economic lifetimes, then they will account for a large fraction of the total
cumulative CO2 emissions consistent with keeping warming to the Paris Agreement
long-term temperature goal.

• Projections for global coal-fired generation over the coming years indicate an
expected plateau, as opposed to a significant decrease. Early retirement and
retrofitting with carbon capture and storage on large fractions of the young-life
global goal fleet will be needed to achieve emission reductions consistent with the
Paris Agreement.

Although the vast majority of young-life and planned coal-fired power plants are in 
emerging and developing countries, financial institutions in developed countries still play 
an important role in supporting the planned coal pipeline. A study estimates that 
developed countries are linked with financing for nearly 40% of cumulative emissions from 
the existing global coal pipeline on a ‘financed-emissions’ basis.11 Action from developed 
countries to end support for coal finance from public sources (as recently pledged by the 
G7 countries) and to create frameworks for similar action from the private sector can 
therefore contribute to a more rapid global coal phase-out.  

Source: Global Energy Monitor (2021) Boom and Bust: Tracking the global coal plant pipeline; IEA (2020) World 
Energy Outlook 2020; Manych, N. et al. (2021) Finance-based accounting of coal emissions. Environmental 
Research Letters, 16, 044028.   

b) Deep decarbonisation transitions needed for global Net Zero

A pathway to global Net Zero emissions around or soon after mid-century will 
require large-scale global deployment of decarbonisation options beyond the 
power and road transport sectors. Unlike in electricity generation and road 
transport, low-carbon alternatives in these sectors generally have a cost premium 
associated with them today, although costs are falling in many areas. 
Development and deployment of decarbonisation options in these areas this 
decade will be important for enabling a rapid large-scale global deployment in 
the following decade.    

Around the world there are relevant initiatives underway in several areas:  

• Carbon capture and storage (CCS). There are presently 65 CCS projects on
power and industry in operation or in development globally.12 Most
operating facilities are in North America, supported through tax incentives
and in most cases income from use of the captured CO2 for enhanced oil 

Other technologies outside of 
power and road transport 
need to be developed further 
this decade to enable an at-
scale global roll-out towards 
Net Zero.   
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recovery. In Europe, a handful of projects based around using CO2 storage 
under the North Sea are in advanced stages of planning. 

• Greenhouse Gas Removals (GGR). There is growing international research
and development into engineered GGRs, with a small number of test
facilities in operation globally. Additionally, several major global companies
have recently made commitments to purchase GGRs to compliment the
use of renewables and improved resource efficiency to meet their Net Zero
targets. Although small at present, corporate commitments such as these, if
replicated more widely, could provide an early market for dedicated GGR
credits – helping to facilitate the development and cost discovery needed 
for engineered removals to play a role in reaching Net Zero.

• Hydrogen. By 2030, significant electrolyser capacity (for hydrogen
production) is being planned for in France, Germany and the Netherlands 
(5 GW, 6.5 GW and 3-4 GW respectively) and the European Commission
has recently released a new hydrogen strategy aiming to reach 40 GW of
electrolyser capacity across the EU.

Rapidly moving from demonstration projections towards constructing clear 
business models to help support wider deployment will be important to enable 
global use at scale over the coming decades. Behavioural changes will also be an 
important complement to moving towards global Net Zero. The IEA recently 
published a roadmap for how these key pillars of decarbonisation can be 
deployed together to reach global Net Zero CO2 emissions by 2050. This roadmap 
can act as a global guide to investment decisions that may (or may not) be 
aligned with the more ambitious end (i.e. 1.5⁰C) of the Paris Agreement long-term 
temperature goal (Box 1.2).  

Box 1.2 
International Energy Agency Net Zero Energy 2050 pathway 

In May 2021 the International Energy Agency (IEA) published Net Zero by 2050 A 
Roadmap for the Global Energy Sector (NZE2050). This set out a comprehensive pathway 
to global Net Zero CO2 energy and industry emissions (around three-quarters of global 
GHG emissions) consistent with limiting peak warming to 1.5°C (~50% probability).

The scenario keeps biomass use, residual fossil fuel use, and engineered greenhouse gas 
removals to the low end of the range from global pathways assessed by the IPCC, and 
does not use offsetting removals in the land sector. The pathway also involves rapid and 
deep reductions in methane emissions from the energy sector (falling by 75% by 2030).  

Rapid transitions to low-carbon options are required in all energy sectors in the IEA 
roadmap, with many parallels with the CCC pathway for the UK:  

• Power sector: Rapid build-out of renewables (particularly solar and wind) enables Net
Zero emissions from the power sector to be reached by 2035 in advanced
economies, and by around 2040 in developing economies. In 2050 nearly 90% of
global power generation is from renewable sources (solar, wind, hydro and
bioenergy), with nuclear contributing most of the remainder.

• Transport: CO2 emissions from transport fall 90% by 2050 (from today’s levels) despite
global passenger demand doubling by 2050 and freight transport increasing by two
and a half times. Globally, almost all new light duty vehicle sales are zero emissions
vehicles (mostly battery electric) by 2035, and nearly all heavy-duty vehicle sales are
fuel cell or electric by 2050. Low-carbon fuels and behaviour change help reduce
emissions from aviation and shipping. 

• Buildings: Widespread retrofitting of existing buildings and requiring all new builds
across the world by 2030 to be zero-carbon-ready leads to emissions falling by 40% by
2030 and more than 95% by 2050 relative to today. From 2025, oil and coal boiler
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sales end and all new gas boilers installed are hydrogen-ready. Heat pumps become 
the main space heating technology worldwide from around 2045.  

• Industry: Fuel-switching to hydrogen and carbon capture both play a major role in
decarbonising emissions from industry, which fall 20% by 2030 and 90% by 2050. Key
technologies are demonstrated during the 2020s such that from 2030 all new
industrial facilities are near-zero emissions.

• Fuel supply: No new oil and gas fields and coal mines are approved for
development (beyond already committed projects) in the IEA pathway. Low-carbon
hydrogen is produced from both natural gas with CCS and electrolysis.

Behaviour change plays a role in almost two thirds of the emissions reductions. Most of this 
comes through consumer adoption of low-carbon technologies such as electric cars, but 
8% of total emissions reductions come from directly changing practices such as reduced 
business flights.  

The IEA estimate that all the technologies required to achieve deep reductions in global 
emissions by 2030 exist today, with real-world examples of policies to drive their adoption. 
Sustaining the required rates of decarbonisation after 2030 will require further 
commercialisation and development this decade of additional options for deeper 
decarbonisation. The investment for the transition could bring significant additional 
benefits to global GDP (additional 4% increase in 2030), global energy sector jobs (9 
million net increase in employment in 2030) and development (universal access to clean 
energy by 2030 and major air quality improvements for millions across the world). 

Source: International Energy Agency (2021) Net Zero by 2050 A Roadmap for the Global Energy Sector. 

c) Land-use transitions

CO2 emissions from land-use change and forestry are about 13% of total global 
GHG emissions, arising primarily from tropical deforestation of land with very high 
carbon content, often associated with agricultural expansion.* Many global 
pathways consistent with the long-term temperature goal of the Paris Agreement 
transform this net source of emissions into a net sink over the next few decades. 

There has been some progress towards reversing global forest loss (Figure 1.3)  
but the world is not on track to achieve the UN Strategic Plan for Forests target to 
increase the global forest area by 3% by 2030 (relative to 2015 levels). Forest cover 
is still being lost overall as deforestation more than offsets forest expansion:  

• Deforestation. Around 95% of deforestation occurs within the tropics – 17%
of global deforestation occurs within Brazil alone (by area).13 Around 10-
15% of global deforestation is driven by demand for agricultural and food
products (e.g. beef) for export to developed countries.14

• Forest expansion. Forest expansion is comprised of afforestation (intentional 
creation of new forests) and natural forest expansion (return of forest to
previously forested land). Afforestation rates are highest in China where
over one million hectares per year are being planted. Natural regeneration
contributes another one million hectares per year of increasing forest cover
in China – meaning that over 40% of global forest expansion is located 
there. Net loss of forest is largely concentrated in South America and Africa. 

Reducing global emissions from land-use change requires a focus on ending 
tropical deforestation. This is because deforestation in this part of the world is 
primarily removing very high-carbon stock primary forest that has never been cut 

*  Including agricultural emissions around 25% of total global GHG emissions come from the agricultural and land-use
sectors. IPCC (2019) Special Report on Climate Change and Land. 

Reducing emissions from global 
land use change is a key part 
of pathways towards Net Zero.  

The world is not on track to 
achieve its deforestation 
reduction targets – although 
some progress has been made.  

Rapidly reducing tropical 
deforestation is essential to 
significantly reducing global 
land-use change emissions.  
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before, leading to very large carbon losses into the atmosphere. Emissions from 
tropical deforestation cannot be compensated with equal areas of afforestation in 
other parts of the world, although afforestation efforts elsewhere in the world are 
also important levers for the global effort to reduce emissions and restore 
biodiversity. 

Tropical deforestation is primarily driven by agricultural expansion (for both 
domestic consumption and export). Developed countries can support ending 
tropical deforestation by improving corporate supply chain standards to provide 
incentives for tropical exporters to avoid deforestation, and capacity building to 
improve agricultural yields in tropical countries to reduce the pressure to convert 
forested land.  

Figure 1.3 Trends in global forest cover 
 

 

 

 Source: FAO (2021) State of the World’s Forests 2020.  
Notes: Forest expansion is a combination of intentional afforestation and natural forest regeneration.  
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3. Progress in international climate policy 

The Paris Agreement has three aspects to its long-term goal:  
 

1. Mitigation. Holding warming to ‘well below’ 2°C above preindustrial levels 
and ‘pursuing efforts’ to limit it to 1.5°C above preindustrial levels.  

2. Adaptation. Enhancing adaptive capacity, strengthening resilience and 
reducing vulnerability to climate change. 

3. Finance. Aligning financial flows with a pathway towards low greenhouse 
gas emissions and climate-resilient development. 

COP26, to be held in Glasgow in November 2021, is an opportunity to assess 
progress and raise global ambition across all three aspects of the Paris Agreement 
long-term goal.  

This section looks at progress in all three aspects in turn, before summarising the 
path to COP26 and the UK’s role as the COP26 president.  

a) Progress in mitigation policy 

Countries were expected to ‘re-communicate’ their Nationally Determined 
Contributions (NDCs) including emissions reduction commitments for the period to 
2030, by the end of 2020. Countries were also asked to submit mid-century long-
term low GHG emission development strategies by the same date. There is an 
expectation from many parties that NDC ambition should be raised as parties re-
submit their plans, consistent with the ambition ‘ratchet’ mechanism envisaged 
under the Paris Agreement.  
 
Strengthening of national emissions reduction targets has focused on two separate 
time horizons:  
 

• Mid-century. More global Net Zero commitments are being made with 
dates of Net Zero around the middle of the century. Several large emitters 
including China, USA, EU and Japan have Net Zero commitments for mid-
century (2050 – generally including all GHGs – except for China, which has 
a 2060 commitment). It is estimated that 68% of GDP and 61% of global 
GHG emissions are now covered by some kind of national Net Zero 
commitment for mid-century.15* The stringency of these Net Zero 
commitments varies, with most coverage being from ‘aspirational’ targets 
that aren’t backed up by law or official policy documents.  

• Near-term. There has been less commitment for enhanced emissions 
reduction for the period to 2030 (the period for the first NDCs). The UNFCCC 
estimated that 40% of countries had submitted revised 2030 NDCs by end of 
2020. Significant increases in ambition have been adopted by large G7 
emitters over recent months (including the USA, EU, Japan, UK and 
Canada), aligning their NDC commitments with mid-century Net Zero 
targets. Under current pledges for 2030, emissions are expected to be 

 
*   These Net Zero targets are of variable stringency, with a wide range of standards applied. Corporate action, 

including the UN sponsored ‘Race to Zero’, have also significantly expanded over recent years with even greater 
variation in the associated conditions.   

This section looks at progress in 
all aspects of the Paris 
Agreement long-term goal.  

Countries have been 
submitting strengthened 
emissions reduction pledges 
ahead of COP26.  
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around 15% lower than 2019 levels (around 5% lower than 2010 levels). 16 It 
remains unclear whether a significant increase in ambition from China 
(~25% of global emissions) will be seen ahead of COP26.  

If achieved, current commitments (both for 2030 and mid-century), could be 
consistent with pathways keeping expected (central estimate) warming by 2100 to 
around 2⁰C above preindustrial levels. However, global emissions in 2030 would be 
far above emissions in pathways expected to keep warming to ‘well-below’ 2⁰C or 
1.5⁰C (Figure 1.4). Significant increases in Chinese ambition to 2030 will be essential 
to any efforts to close this gap alongside enhanced commitments from other large 
emitters that have yet to strengthen their 2030 commitments.   
 
In nearly all cases significant strengthening of climate policies will be required to 
deliver on the pledged emissions reduction commitments. Current policies imply 
emissions continuing at recent levels, which would lead to expected warming by 
2030 of around 3°C above preindustrial levels. 
 
There is an increasing prevalence of ‘framework’ climate laws around the world 
alongside an increasing number of expert climate advisory bodies. These can help 
provide a structure to support delivery of NDCs and long-term targets if they are 
designed with robust governance standards to hold Governments effectively to 
account on delivery over both the long- and short-terms.17 

Figure 1.4 Global emissions gaps to Paris 
Agreement consistent pathways   
 

 

 
Source: IEA (2021) Net Zero By 2050: A roadmap for the Global Energy Sector: IEA (2020) World Energy Outlook 2020.  
Notes: ‘Current policies’ uses the IEA Stated Policies Scenario (STEPS), ‘Current targets’ the IEA Announced Pledges 
Case, the ‘Well-below 2⁰C’ the IEA Sustainable Development Scenario (SDS) and ‘1.5⁰C’ the IEA Net Zero Emissions 
2050 scenario. Emissions are CO2 only emissions from energy and industrial process emissions.   
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b) Progress in adaptation  

Climate impacts are already being experienced around the world at today’s level 
of warming and will increasingly make the achievement of some of the global 
Sustainable Development Goals (SDGs) more challenging. 81% of developing 
countries are taking steps to develop National Adaptation Plans, while 20 countries 
have submitted full plans.* Around 70% of countries have adopted at least one 
national-level adaptation planning instrument, but with large variation in their 
detail. 18 Making progress on the global adaptation goal has been signalled as one 
of the key priorities for COP26 by the incoming UK Presidency. 
 
Countries can support the raised adaptation ambition across at least three areas:   
 

• Embedding adaptation in national policy making. Adaptation 
considerations need to be mainstreamed across national policy to properly 
help limit future climate risks. Integration into planning systems will be 
particularly important to reduce the risks of locking in climate exposure 
through long-lived infrastructure under construction around the world 
today. Similarly, adaptation considerations need to be integrated better 
with mitigation plans to ensure that efforts to achieve NDC and mid-century 
targets are not compromised by climate risks and that co-benefits for 
reducing climate risks are maximised.  

• International collaboration. Building capacity around the world is key to 
improving resilience to climate impacts. Collaboration between countries 
to share best practices, technical expertise and policy structure can help 
accelerate this. New international alliances such as the Climate Adaptation 
Alliance – launched by the UK and others at the end of 2020 – can help 
facilitate these collaborations and skill-sharing.    

• Improving the evidence base for effective adaption. In many parts of the 
world taking evidence-based actions to improve climate resilience is 
hampered by a lack of good data sources on past and present local 
weather hazards and their impacts. For example, there is a lack of 
documented data on the history of heatwaves impacts across Africa, 
making it harder to construct effective early warning systems and heat 
action plans.19 The evidence base for assessing the effectiveness of 
adaptation interventions for reducing climate risks also needs to be 
improved across the world. The global research capacity can be directed 
to help close these important evidence gaps.  

A successful COP26 outcome will not be possible without significant progress on 
issues related to global adaptation to climate impacts being experienced today 
and expected for the future. Developed countries also have a key role to play 
through the provision of climate finance, and technology/knowledge transfer. 

c) Progress in finance  

Delivering the rapid reductions in global emissions needed to restrict warming to 
the Paris Agreement long-term temperature goal, while building resilience to 
climate impacts, requires a large shift in global investment patterns. Access to 
capital sources for this investment is key to realising this, particularly in developing 
countries.  

 
*   14 countries have submitted Adaptation Communications (detailing the action that they are taking on adaptation) 

to the UNFCC as requested under Article 7 of the Paris Agreement.  

Making progress on adaptation 
is a key priority for COP26.  

All countries can do more to 
mainstream adaptation 
considerations into policy 
making.  

Better evidence bases – 
particularly in developing 
countries – will be key to 
improving resilience to climate 
risks.  
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Prior to the Paris Agreement, parties to the UNFCCC adopted a goal of reaching a 
$100 billion per year flow of climate finance from developed to developing 
countries by 2020. Indications are that this commitment has not been met:  

• There is currently no agreed way to measure these climate finance flows, 
but a report by the UN indicated that it was highly unlikely that the $100 
billion per year commitment was achieved in 2020.20 The OECD estimates 
that $78 billion was mobilised by developed countries in 2018 (Figure 1.5).    

• The $100 billion per year in mobilised climate finance is itself a small fraction 
of the global investments needed to transform the global economy but has 
large political significance. Many developing countries see it as a key test 
of whether developed countries will take their commitments seriously. Many 
‘conditional’ NDCs from developing countries explicitly mention needing 
climate finance to deliver on the higher level of ambition.  

• Due to the effects of COVID-19, spending on emergency healthcare 
investments and economic relief has restricted many developing countries’ 
capacity for financing adaptation and resilience. Investment in adaptation 
fell globally in 2020 despite a record number of floods, droughts, wildfires 
and storms affecting more than 50 million people worldwide.21 The vast 
majority (~80%) of adaptation finance is from public sources, but 
adaptation finance is only around 20% of total climate finance mobilised 
by developed countries. Developed countries can improve the access to 
finance for adaptation by allocating it a much larger share of their climate 
finance spending and by supporting private sector investment.* 

Meeting this commitment is a key expectation from developing countries ahead of 
COP26. Countries have also agreed that $100 billion per year in mobilised climate 
finance should be a floor level for beyond 2020 with an expectation for a new 
higher goal to be set by 2025. Negotiations on this are expected to start at COP26. 

 
 

 

 

 
 

 

 
 

 

  

 
*   For example the UN has launched a ‘Race to Resilience’ initiative to involve non-state actors (including companies) 

to reduce vulnerability to climate impacts. 

Developed countries are not 
on track to deliver the $100 
billion per year climate finance 
goal pledged for 2020.  

A more equal split between 
mitigation and adaptation 
climate finance is needed.  
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Figure 1.5 Progress towards the $100 billion per 
year climate finance goal from developed 
countries 

 
 

 

 Source: OECD (2020) Climate Finance Provided and Mobilised by Developed Countries in 2013-18.  
Notes: In 2015 there was no data available for mobilised private finance.  

 
d) The path to COP26 and beyond 

The coming months contain several events which will lay the groundwork for a 
successful COP26. These include important multilateral forums (such as the G20) 
which present key opportunities for countries to bring forward new commitments 
on climate finance and emissions reductions from large economies. UNFCCC 
negotiations sessions in June and at the pre-COP in October will also be critical for 
securing the negotiated outcome at COP26 itself in Glasgow.  

The UK has now submitted a full set of commitments to the UNFCCC as required 
under its international obligations (Box 1.3). Its focus now should be on best utilising 
the COP26 presidency to secure a genuinely beneficial outcome (Box 1.4). 
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Box 1.3 
The UK’s submissions to the UNFCCC in 2020 

In December 2020, the UK submitted a set of documents to the UNFCCC in accordance 
with its international obligations.  

• The UK’s first NDC. The NDC submission contained a target to reduce aggregated
GHG emissions by at least 68% in 2030 (relative to 1990 levels) in accordance with the
Committee’s advice. This headline target does not include the UK’s share of
emissions from international aviation and shipping – as advised by the Committee. A
commitment to include these emissions within the Sixth Carbon Budget has now
been made by the Government. The NDC document specified that the Government
intends to achieve the target through domestic emissions reductions.

• Adaptation Communication. The Government submitted an Adaptation
Communication, separate to the UK’s NDC. This document summarises the climate
risks facing the UK and actions being taken to address them – including the National
Adaptation Programme. Progress on adapting to climate change in the UK is
assessed in the companion report to this one which finds that, despite progress,
significant gaps remain to deliver improved resilience to climate impacts in the UK.
No new commitments to raise UK adaptation ambition beyond the actions and
policies already being implemented were provided in either the NDC or Adaptation
Communication.

• Finance Biennial Communication. The document provided a summary of the
activities that the UK has supported through its climate finance provision. It also
mentions the UK’s 2019 commitment to provide £11.6 billion in dedicated climate
finance over the 2021/22 – 2025/26 period. This is double the level of support over the
previous five-year period and is protected at this level against the announced
temporary cuts in UK Official Development Assistance (ODA) from 0.7% to 0.5% of
Gross National Income. The £11.6 billion funding is additional to the UK’s contribution
to the ‘core’ budget of large multi-lateral development banks, some of which will be
used to support climate-related projects. The UK has also committed to align the full
extent of its ODA spend with the Paris Agreement and has implemented an end to
export finance for overseas fossil fuel investments. The communication also reiterated
the UK’s commitment to maintaining an approximately equal split between
mitigation and adaptation projects in its climate finance.

These documents, together with the legislation of the UK’s Sixth Carbon Budget, represent 
a full summary of the UK’s current level of ambition in tackling climate change. The UK 
should update its mid-century long-term low greenhouse gas emission development 
strategy with the UNFCCC (currently the Clean Growth Plan - targeting the previous long-
term target of an 80% reduction in emissions by 2050) with its new Net Zero Strategy when 
it is published ahead of COP26, This will provide a vision of the actions and policies that 
will be brought forward to achieve the domestic carbon budgets and Net Zero target.   
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Box 1.4 
The UK’s role in delivering a COP26 with global climate benefits 

The UK will have an important role in delivering a successful COP26 outcome as the COP 
President (in partnership with Italy), alongside its presidency of the G7 group of countries 
this year. Updated NDCs are expected from all countries ahead of the main COP26 
negotiations and will not be negotiated directly at the conference. 

There are several aspects where the UK will be required to play an important role: 

• Continuing to support increases in ambition and implementation. Several large
emitter nations have now updated their 2030 NDCs. However, other large emitters
(including China) have yet to update their headline ambition. The UK will need to
continue to champion increased NDC ambition through to COP26 and should also
bring focus to improving implementation plans to achieve these strengthened
targets. Internationally agreed commitments on key aspects of delivery (e.g. ending
coal fired power generation) could help facilitate this.

• Securing buy-in from all countries for a COP26 outcome. UNFCCC outcomes need to
be unanimously agreed by all parties. The UK presidency has a critical role in building
support across all countries ahead of the conference. This will mean giving issues of
adaptation, climate finance, and loss and damage prominence in the negotiations. 
The UK can support this by providing a clear commitment ahead of COP26 on the
timetable by which the UK’s ODA contribution will return to 0.7% of Gross National
Income, and by helping to leverage additional finance commitments from other
developed countries to demonstrate a clear pathway to achieving and exceeding 
the $100 billion per year goal.

• Championing a ‘climate-aligned’ recovery from COVID-19. The global aggregate
effects of economic recovery measures resulting from the ongoing COVID-19
pandemic are not consistent with the investment profile needed to sustain continued
declines in global emissions this decade.22 These investments are critical for the
trajectory of global emissions this decade and keeping the Paris Agreement long-
term temperature goal in reach. Having taken on leadership of UN work on
‘Recovering Better For Sustainability’, the UK should use its presidency to support a
step up in efforts on this front globally. The UK should also be sensitive to the wider
challenges facing developing countries emerging from the COVID-19 pandemic and
contribute actively to international efforts to address this.

• Carbon markets and the Paris Agreement rulebook. A major focus of the
negotiations is expected to be finalising the outstanding aspects of the rulebook for
the Paris Agreement, including rules on carbon markets and transparency of NDCs
under the Agreement. As COP President, the UK has an essential role to ensure that
any new rules for international carbon markets have the highest standards, ensuring
that they are genuinely supportive of efforts to reduce global emissions. Postponing
agreement on market rules at COP26 (as at COP25) would still be preferable to a
compromised deal that could lock in a system which may undermine global
ambition and accountability. The UK presidency can also champion high-integrity
standards in voluntary carbon markets through its COP26 Finance workstream.

Action in these areas, alongside the recommendations to align domestic policy ambition 
with the UK’s Net Zero target, NDC and Sixth Carbon Budget elsewhere in this report, can 
help the UK maximise the chances of delivering a successful COP26 with genuine 
benefits for the global effort to address climate change.   

After COP26 the next significant moment in the Paris Agreement cycle is 
anticipated to be the first global stocktake in 2023. The UK can help maintain 
international momentum for the post-COP26 period by championing longer-term 
initiatives that can help ensure activities and outcomes feeding into COP26 (such 
as the COP26 campaigns) are maintained and lead to long-term benefits for 
global efforts to tackle climate change. 

The UK should prioritise 
maintaining international 
momentum for tackling climate 
change over the period 
between COP26 and the 
global stocktake in 2023.  
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As part of this, the UK should publish a new strategy for its international climate 
policy during its COP26 presidency (which extends for a year after COP26) to 
refresh its strategy and signal its commitment to supporting international climate 
action over the long term.* This should include a recognition of the need for 
countries to produce credible plans now to deliver on strengthened emissions 
reduction commitments. The UK’s recent commitment to include international 
aviation and shipping emissions within the Sixth Carbon Budget can also be 
leveraged internationally, including through international forums to agree a Paris 
Agreement compatible emissions target for international aviation and a 
mechanism to deliver it that is fit for purpose.  
 

  

 
*   This strategy should flesh out the UK’s commitment to place climate change as the number one priority in the recent 

Integrated Review of foreign and defence policy and ensure that a joined-up perspective is maintained on how the 
UK’s climate finance is spent.   
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Introduction 

This chapter outlines UK progress towards reducing the UK’s greenhouse gas 
emissions, including the UK’s share of international aviation and shipping emissions 
as covered by the Sixth Carbon Budget.  

UK emissions have reduced consistently since 1990, with average annual falls of 
around 18 MtCO2e since 2012, similar to those needed to meet the Sixth Carbon 
Budget. However, progress so far has been dominated by the power sector, while 
progress in future will need to cover the whole economy. 

The pandemic and resulting restrictions have caused sharp falls in economic 
activity, energy demand and emissions in 2020. * UK emissions and output will 
almost certainly increase as lockdown restrictions are lifted, but the permanent 
impact of the pandemic on UK emissions and economic activity is still unclear. 

Our key messages are: 

• UK greenhouse gas emissions were 499 MtCO2e in 2019. This includes the 
UK’s share of international aviation and shipping emissions.  

• Our greenhouse gas consumption footprint was 703 MtCO2e in 2018. This 
includes emissions embedded in the goods and services consumed in the 
UK even if they are produced overseas. Consumption emissions were 37% 
higher than production emissions in 2018. Data for 2019 will be published 
next year. 

• From 1990 to 2019, UK emissions fell by 40%, while the economy grew 
by 78%. The UK’s consumption footprint has fallen at a comparable rate 
since 2007, but by less (29%) since 1990 (Figure 2.1).  

• UK emissions fell by a record 13% in 2020 to 435 MtCO2e, 48% below 1990 
levels. The fall in 2020 was almost entirely due to the impacts of the 
pandemic, particularly reductions in road and air travel, as well as lower 
overall energy demands. 

• It is unclear how far the impacts of the pandemic on emissions will persist in 
future, but transport emissions are likely to rebound to some extent in 2021 
as lockdown measures are lifted. 

• Progress outside the power sector has been limited. If annual changes in 
emissions return to the same per-sector trend as the previous decade, the 
Sixth Carbon Budget will be missed by a huge margin. Now is the time to 
extend progress across all sectors of the economy. 

We set out our analysis in the following three sections: 

1. Progress reducing UK emissions 

2. Impacts of COVID-19 on emissions and behaviours in 2020 

3. Progress reducing the UK’s carbon footprint 

 
*   Estimates of the UK consumption footprint for 2020 are not yet published, but they will certainly be lower than in 2019 

due to both lower territorial emissions and a fall in goods imported to the UK in 2020. 
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Figure 2.1 The UK economy has grown while 
territorial and consumption emissions have fallen  
 

  

Source: BEIS (2021) 2020 UK Greenhouse Gas Emissions, Provisional Figures; ONS (2020) Gross Domestic Product: 
chained volume measures: Seasonally adjusted £m; Defra (2019) UK’s carbon footprint; CCC analysis. 
Notes: The UK’s share of International aviation and shipping emissions is included in both the territorial and 
consumption emissions statistics. 
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1. Progress reducing UK emissions

This section reviews trends in UK emissions in the decade up to 2019, and the 
change in emissions in 2020 during the pandemic.  

In 2020 emissions fell at a record rate, almost entirely due to the COVID-19 
lockdowns and the resulting reduced demand for energy, particularly for travel.* 
Without action now to lock in beneficial changes to the way people work and 
travel, these factors are likely to be mostly temporary and will not significantly 
contribute to the fundamental changes that will be needed to achieve Net Zero, 
which must be more structural in nature (see Chapter 3). 

To meet the Sixth Carbon Budget, UK emissions outside of the power sector must 
fall by an average of around 17 MtCO2e over the next fifteen years – compared to 
an average fall of just 5 MtCO2e per year from 2009 to 2019 – and emissions in the 
power sector must continue to fall in the context of growing demand. 

a) UK greenhouse gas emissions before 2020

Emissions reductions varied significantly across sectors in the ten years before 2020 
(Figure 2.2). Our 2020 Progress report set out a detailed breakdown of progress in 
reducing emissions in each sector since 2008. The key trends in sectoral emissions 
prior to the pandemic were: 

• Electricity supply was the major success story of the past decade. Emissions
decreased by 65% over the period 2009-2019, while the carbon intensity of
the grid fell from nearly 500 gCO₂/kWh in 2009 to 200 gCO₂/kWh in 2019.
Electricity generated from variable renewables was 9 TWh in 2009 (3% of
total generation), and rose to 73 TWh in 2019 (26%).

• Surface transport is off track, and since 2015 has been the highest-emitting
sector in the UK. Emissions have been broadly flat over the past decade,
falling only 1% between 2009 and 2019. Improvements to the efficiency of
cars have been lost to a trend towards both driving larger vehicles and 
driving more miles.

• Industry saw significant reductions in emissions, largely resulting from a
combination of the changing structure of the UK's manufacturing sector 
(responsible for around 20% of the fall), improved energy intensity (40%) and
a shift to lower-carbon fuels (40%), while overall output has grown.†

• Buildings saw some progress from policy-driven action in the first half of the
past decade. Temperature-adjusted emissions fell by 7% between 2009 and 
2016, but have risen since. The overall efficiency of the boiler stock has
improved, but there has been minimal progress on improving insulation or
switching to low-carbon heating in recent years.

*  This fall in emissions was also due to warmer than average temperatures, which tend to suppress heating demand, 
increase cooling demand and on balance decrease overall energy demand, particularly in homes. 

†   A decomposition analysis covering the period 2012-2017 shows that UK industrial output grew 14%. The 12% fall in 
direct CO₂ emissions across that period can be attributed to a structural movement towards a less carbon-intensive 
mix of industrial output (accounting for 20% of the change), improvements in energy intensity (40%) and changes in 
fuel mix (40%). It is not clear whether these reductions were driven by policy. 

Prior to 2020, electricity 
decarbonisation was a major 
success story, but other sectors 
including surface transport, 
buildings, agriculture and land 
use had made little progress in 
reducing emissions. 
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• Agriculture and land use emissions were broadly flat, increasing by 2% over
the period 2009-2019. These sectors repeatedly failed to meet the indicators
outlined in the Committee’s progress reports (e.g. for tree planting and on-
farm efficiency measures). 

• Aviation emissions and passenger numbers were increasing. Over the 2009-
2019 period, the total number of UK terminal passengers rose by 36% to
nearly 300 million in 2019. Efficiency improvements were not enough to 
offset this rise in demand, with emissions up 7% from 2009 levels to 
40 MtCO2e in 2019.

• Shipping emissions fell, mostly due to reductions in domestic shipping along
coasts and in international export shipping. In particular, fewer tonnes of dry
and liquid bulk (including coal and crude oil) were transported by ship,
although container and roll-on/roll-off freight increased. Emissions in 2019
were 24% lower than in 2009.

• Waste sector falls were driven exclusively by reductions in landfill emissions.
Waste emissions fell by 28% from 2009 to 2019, but this was primarily due to
the landfill tax diverting biodegradable waste away from landfill to other 
waste treatment, particularly Energy from Waste (EfW) incineration. 
Recycling rates plateaued, and more local authority waste is now 
processed by EfW than is recycled or composted in England.

• F-gas emissions increased, but began to fall towards the end of the 2010s as
new regulations restricting the use of the most harmful gases took effect.
Emissions increased by 20% from 2009 to 2017, but fell by 7% in two years to
13.4 MtCO2e in 2019.

To meet the Sixth Carbon Budget and to deliver the UK’s 2030 Nationally 
Determined Contribution to the Paris Agreement, progress will have to extend 
quickly beyond the power sector. If annual changes in emissions return to the same 
per-sector trend as the previous decade, the Sixth Carbon Budget will be missed 
by a huge margin (Figure 2.3). 

If progress does not extend 
outside the power sector, the 
Sixth Carbon Budget will be 
missed by a huge margin. 
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Figure 2.2 Changes in UK emissions by sector 

Source: BEIS (2021) 2020 UK Greenhouse Gas Emissions, Provisional Figures. 
Notes: LULUCF = Land use, land-use change and forestry. Estimates of emissions for sectors with large proportions of 
non-CO2 emissions are not shown on the right-hand chart. Final estimates of emissions in these sectors will be 
published in early 2022. Aviation and shipping include the UK’s share of international aviation and shipping 
emissions. 

Progress has been uneven 
among sectors in the last 
decade. 
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Figure 2.3 Concerted action is required beyond 
electricity to meet the Sixth Carbon Budget 
 

Source: BEIS (2021) 2020 UK Greenhouse Gas Emissions, Provisional Figures; CCC analysis. 
Notes: Emissions in this chart are adjusted for future increases to the Global Warming Potentials (GWPs) of non-CO2 
gases, and therefore do not match the total published in the latest greenhouse gas inventory. The Sixth Carbon 
Budget target was recommended on this basis (see Box 2.2). 

If individual sectoral emissions 
stay on the same trend as the 
last decade, the Sixth Carbon 
Budget will be missed by a 
huge margin. 

0

100

200

300

400

500

600

700

20
09

20
11

20
13

20
15

20
17

20
19

20
21

20
23

20
25

20
27

20
29

20
31

20
33

20
35

M
tC

O
2e

Total GHG emissions
Electricity supply emissions
All other emissions
If per-sector trends from 2009-2019 continue
Recommended pathways to meet Sixth Carbon Budget

Gap to target if 
pre-2020 trends 
continue in 
every sector

2169  



Progress in reducing emissions: 2021 Report to Parliament 64

b) UK greenhouse gas emissions in 2020

The COVID-19 pandemic and the resulting restrictions caused a substantial drop in 
emissions, but the lasting changes on UK emissions remain far from certain. 
Section 2 of this Chapter explores the short-term impacts of COVID-19 on UK 
emissions in more detail.  

The Committee’s provisional estimate (Box 2.1) shows that UK emissions fell by 
around 13% in 2020, with the vast majority of the fall associated with reductions in 
emissions from transport (Figure 2.4).  

2020 was the UK’s third warmest year on record. Warmer temperatures, particularly 
during winter months, led to reduced demand for heating and lower greenhouse 
gas emissions. The temperature-adjusted emissions data presented in Figure 2.4 
shows the ‘true’ underlying change in emissions (i.e. a bigger increase) from 2019 
to 2020 if temperatures had instead been average. The temperature effect alone, 
which has its biggest impact in the residential buildings sector, caused around a 5% 
fall in UK emissions. 

Figure 2.4 Change in UK CO2 emissions 2019-2020 

Source: BEIS (2021) 2020 UK Greenhouse Gas Emissions, Provisional Figures; CCC analysis. 
Notes: The bar for change in emissions from residential and non-residential buildings shows the temperature-
adjusted data, which adjusts emissions for warmer average temperatures in 2020. The change in actual buildings 
emissions in 2020 is shown in brackets.  

Emissions fell by 13% in 2020, 
almost entirely due to the 
impacts of lockdown measures. 

Milder winter temperatures 
mean that emissions were 
lower than they would have 
been in a year of average 
temperatures. 
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Box 2.1 
The provisional estimate of UK emissions in 2020 

BEIS have published a provisional estimate of emissions for 2020 that covers most sources, 
based on various analytical approaches. To produce a complete estimate of UK 
emissions, the Committee has added its own estimate for international transport emissions 
that is based on official statistics: 

• CO2 emissions in the major 'energy system' sectors are based on fuel consumption
data, and therefore account for the impacts of the pandemic (electricity supply,
buildings, manufacturing and construction, fuel supply, surface transport and
domestic aviation & shipping).

• CO2 emissions from other sectors – particularly CO2 emissions that are not associated
with the combustion of fossil fuels – are held constant from their final estimates for
2019 (mostly in waste, agriculture, LULUCF).

• Non-CO2 emissions are assumed to fall in line with the latest BEIS emissions forecasts
for 2019 to 2020. This simple approach does not capture any impact of the
pandemic, although we can expect these emissions to be less affected by
lockdowns than emissions related to energy use.*

• BEIS do not publish a provisional estimate of international aviation and shipping (IAS)
emissions. This year, the Committee has produced a provisional independent
estimate of the UK’s share of international aviation and shipping emissions based on
fuel sales data in 2020.†

These estimates for 2020 are all provisional and will vary to some extent from the final BEIS 
data for 2020, which will be published in 2022. 

Other years that saw large falls in emissions often reflected temporary factors that 
saw emissions rebound the following year. While the fall in emissions in 2020 is 
structurally different (Figure 2.5) to previous falls, it is likely to be largely temporary. 
There are likely to be lasting, but highly uncertain, changes in behaviour (see 
section 2) that will have consequences for UK emissions in the future: 

• In 2009, the global financial crisis hit multiple sectors, most notably 
manufacturing and construction, electricity supply, and surface transport. 
Emissions rebounded in 2010 as the economy began to recover.

• 2011 saw a significant fall of just over 20% in emissions from residential
buildings. This was almost entirely driven by milder winter temperatures and
lower demand for gas compared to the previous year. The underlying
changes were far less significant, with temperature-adjusted emissions
actually increasing by around 2% in residential buildings in 2011. Emissions
from buildings increased in the following year as temperatures fell relative
to 2011.

• In 2014, there was another 17% fall in emissions in residential buildings, again
driven by milder winter temperatures, and equivalent to a 1% rise in
emissions from residential buildings when temperature-adjusted. That year 
did, however, see the acceleration of a major success story in electricity
generation, with a 16% fall in power sector emissions. This was driven by 
structural changes in the GB electricity market, and emissions from this
sector have continued to fall in every year since.

*  For example, emissions from landfills, livestock or forest growth were less affected by lockdown restrictions than fuel 
consumption for travel or manufacturing. 

†   This is a change from our approach in previous reports, where IAS emissions were held constant at the previous 
year’s level. The pandemic means that this approach would not have produced a valid estimate of IAS emissions in 
2020. 

Estimates of all sources of 
emissions in 2020 are available, 
but some (particularly non-
CO2) estimates are less reliable. 

Previous large annual falls in 
emissions were very different to 
those in 2020, and were driven 
by cold winter temperatures, 
recession and/or genuine 
underlying progress in the 
electricity sector. 
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• In 2020, the vast majority (74%) of the total fall in emissions was associated 
with unprecedented pandemic-related reductions in air, sea and land 
travel. The pandemic also led to falls in emissions from fuel supply and 
manufacturing and construction (-7%), of a scale that would have been 
seen as significant in a ‘normal’ year. 

It therefore seems likely that at least some of the fall in emissions made in 2020 will 
be reversed in 2021, with some increase in transport emissions to be expected. We 
explore this risk further in the next section and in Chapter 3 seek to identify 
underlying progress that could underpin sustained progress. 

Figure 2.5 Annual change in UK emissions, 1990 to 
2020  
 

  

 Source: BEIS (2021) 2020 UK Greenhouse Gas Emissions, Provisional Figures; CCC analysis. 
 Notes: The years containing the most significant annual fall in emissions have been highlighted by sector.  
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c) Changes to the UK inventory

The UK produces an annual greenhouse gas inventory, a consistent time series of 
all estimated sources and sinks of UK greenhouse gas emissions from 1990 onwards.  

Each year, the UK greenhouse gas inventory is updated to include emission 
estimates for any new sources identified in the UK, revised estimates for sources 
where there is an improved understanding of emissions (i.e. new data sources or a 
more accurate estimation methodology), and data revisions (for example to 
energy statistics) (Box 2.1). 

The most significant change to the UK inventory this year was due to large revisions 
in the land use, land-use change and forestry (LULUCF) sector (Figure 2.6). These 
result from new estimates for peatlands emissions consistent with the 2013 IPCC 
Wetlands Supplement.1 There were also revisions of around -1.5 MtCO2e to the 
estimation of annual wastewater methane emissions compared to the previous 
inventory. 

Our Sixth Carbon Budget recommendation anticipated an increase in the estimate 
of UK emissions due to peatlands of between 17 and 21 MtCO2e in 2018. The 
published revision in UK peatland emissions in the latest inventory is similar to, 
though marginally smaller than, the range assessed in the Sixth Carbon Budget 
report, and does not affect the recommended level of the target (Box 2.2). 

Box 2.2 
Recent and future changes to the UK inventory 

Methodology changes to the UK inventory are designed to increase the transparency, 
accuracy, consistency, comparability, and completeness of the inventory. There are 
three primary sources of uncertainty in the UK inventory: 

• Changes to the scope of the inventory. Certain sources of emissions and activities
can be added to or removed from the scope of the UK inventory – adding to (or
reducing) overall GHG estimates.

– Peatlands. The most significant change to the UK inventory this year is due to a
change of scope, with large revisions to the land use, land-use change and
forestry (LULUCF) sector. These result from new estimates for peatlands emissions
consistent with the 2013 IPCC Wetlands Supplement. This change added around 15
MtCO2e to the UK inventory in 2018 (Figure 2.6) and has turned the LULUCF sector
from a net sink (of around 10 MtCO2e) to a net source of GHG emissions of almost 6
MtCO2e in 2019.

– Blue Carbon. The term ‘Blue Carbon’ refers to the carbon stored in coastal and
marine habitats such as salt marsh, mangroves, and sea grasses. These have had
an increasingly important role in both climate change mitigation and adaptation.
Chapter 4 of the Wetlands Supplement (Coastal Wetlands) has not yet been
adopted in the UK inventory, and uncertainties remain. More research is needed to
better understand how much carbon is stored in coastal and marine eco-systems,
the annual flux of carbon release and rate of sequestration, and the impact on
these of habitat restoration. Government should set out a comprehensive plan to
assess the latest science and research gaps with a view to developing
measurement protocols to enable emissions impacts of these habitats to be
included in the GHG inventory.

• Changes to Global Warming Potentials (GWPs) assigned to GHGs. GWPs are used to
convert emissions from different gases into a single comparable metric (tonnes of
CO2-equivalent, or tCO₂e), and are agreed internationally. There have been multiple 
changes to the GWP estimates used for CH₄, N₂O and F-gases since the inception of
the inventory.

Every year, the inventory is 
updated to reflect the best 
available evidence and latest 
IPCC guidance.  
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The UK inventory will update its GWPs before 2024, adding between 3 and 20 
MtCO2e to the latest estimate of UK emissions, depending on the methodology that 
is used.* We expect further updates when available when the IPCC AR6 (Working 
Group 1) report is published in August 2021. 

• Uncertainty in the current GHG inventory. This comprises the statistical uncertainty in
emission factors and activity data used in estimating emissions. It is internal to the
inventory, is well quantified, and it is possible to formally assess the probability of
errors through methods set out in IPCC guidelines. For the most recent inventory
publication, the uncertainty was estimated as ±3% with 95% confidence for the UK as
a whole. At sector level, land use emissions estimates have the highest uncertainty,
followed by waste management and agriculture.

The UK inventory will continue to be updated each year in line with the latest IPCC 
guidance and to include the most up to date statistics and estimation methodologies. 

Figure 2.6 Changes to the UK greenhouse gas 
inventory 
 

Source: BEIS (2021) Provisional UK greenhouse gas emissions national statistics 2020; CCC analysis. 
Notes: LULUCF = Land use, land-use change and forestry. 

*  At COP24 in December 2018 the international community decided to standardise reporting under the Paris
Agreement transparency framework using the GWP100 metric (the GWP evaluated over a 100-year time frame). 
The values to be used are those from the IPCC 5th Assessment Report (AR5). There are two methodologies
presented in AR5, with different GWPs, and it is not yet clear which will be used. 

The land use, land-use change 
and forestry (LULUCF) sector 
has seen the biggest changes 
in emissions. Around 15 MtCO2e 
of annual emissions from UK 
peatlands have now been 
included in the scope of the 
inventory. This change was 
expected. 
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d) Emissions in Scotland, Wales and Northern Ireland

The governments of Scotland, Wales and Northern Ireland will have an increasingly 
important role to play in tackling climate change as progress extends beyond the 
power sector and into sectors where key powers are devolved.  

Emissions data for the devolved administrations are only available up to 2018 
(Figure 2.7). New data for 2019 were due to be published in June 2021, but this was 
too late for inclusion in this report. The Committee will comment in more detail on 
2019 emissions in our annual Scottish Progress Report later this year. 

Scotland has decarbonised faster than the UK average, while Wales and Northern 
Ireland have been slower. The most significant factor determining the relative rates 
of decarbonisation in Scotland, Wales and Northern Ireland compared to the UK 
average has been the speed and scale of power sector decarbonisation (Figure 
2.8).  

As UK-wide emissions reductions extend beyond the power sector, the next 
decade presents an opportunity for Scotland, Wales and Northern Ireland to 
match or exceed UK Government action in key devolved areas such as 
agriculture, tree planting, waste management, buildings efficiency, and public 
transport. 

Figure 2.7 Greenhouse gas emissions in Scotland, 
Wales, Northern Ireland and England 2008-2018 
 

 Source: NAEI (2020) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2018. 

Emissions data for Scotland, 
Wales and Northern Ireland 
lags the UK data by more than 
a year.  

Emissions data up to 2018 
shows that the power sector 
was the biggest driver of 
changes in emissions. 
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Figure 2.8 Sectoral emissions in Scotland, Wales 
and Northern Ireland, 2008-2018 

 Source: NAEI (2020) Greenhouse Gas Inventories for England, Scotland, Wales & Northern Ireland: 1990-2018. 
 Notes: M&C = manufacturing and construction, LULUCF = land use, land-use change and forestry. 

0

5

10

15

20

2000 2010 2020

A
nn

ua
l e

m
is

si
on

s 
M

tC
O

2e

-1.4
-1.2
-1.0
-0.8
-0.6
-0.4
-0.2
0.0
+0.2

El
ec

tri
ci

ty
 su

p
pl

y
Bu

ild
in

gs
W

as
te

M
&

C
Fu

el
 su

pp
ly

Sh
ip

pi
ng

A
gr

i &
 L

UL
UC

F
F-

ga
s

A
vi

at
io

n
Su

rfa
ce

 tr
an

sp
or

t C
ha

ng
e 

in
 e

m
is

si
on

s 
M

tC
O

2e

0

1

2

3

4

5

6

7

2000 2010 2020

A
nn

ua
l e

m
is

si
on

s 
M

tC
O

2e

Surface transport Buildings
Manufacturing & construction Agriculture & LULUCF
Electricity supply Aviation
Fuel supply Waste
Shipping F-gas

0

5

10

15

20

2000 2010 2020

A
nn

ua
l e

m
is

si
on

s 
M

tC
O

2e

-0.8

-0.6

-0.4

-0.2

 0.0

+0.2

El
ec

tri
ci

ty
 su

p
pl

y
M

&
C

Bu
ild

in
gs

Fu
el

 su
pp

ly
W

as
te

Sh
ip

pi
ng

Su
rfa

ce
 tr

an
sp

or
t

F-
ga

s
A

vi
at

io
n

A
gr

i &
 L

UL
UC

F C
ha

ng
e 

in
 e

m
is

si
on

s 
M

tC
O

2e

-0.2

 0.0

+0.2

El
e

ct
ric

ity
 su

p
pl

y
W

as
te

M
&

C
A

vi
a

tio
n

Su
rfa

ce
 tr

a
ns

p
or

t
Bu

ild
in

gs
F-

g
as

Sh
ip

p
in

g
Fu

e
l s

up
p

ly
A

g
ri 

&
 L

U
LU

C
F C

ha
ng

e 
in

 e
m

is
si

on
s 

M
tC

O
2e

Average
annual change
2008-2018

Scotland 

Wales 

Northern Ireland 

2176  



71 Climate Change Committee 

2. Impacts of COVID-19 on emissions and behaviours in 2020

In this section, we analyse the major changes that caused the sharp drop in 
emissions in 2020, and identify how lasting changes in behaviour could affect UK 
emissions in future. 

Lockdown measures led to a record decrease in UK emissions in 2020. Most of the 
falls in sectoral emissions observed in 2020 are likely to be transient, as they do not 
reflect structural changes in the underlying economic, social, energy, 
transportation or land systems. In the absence of underlying changes, emissions are 
likely to rebound in most sectors in 2021. 

The temporary fall in emissions in 2020 will have practically zero impact on the UK’s 
past and future contribution to global warming. Sustained reductions are needed. 

However, the last year has seen some large changes in patterns of behaviour due 
to the pandemic, and it is currently unclear the extent to which these changes will 
endure (Table 2.1). It is important to sustain some of the climate-positive changes 
that have developed during the pandemic, and important to act decisively to 
mitigate the negative changes that could jeopardise efforts towards Net Zero 
(Chapter 4). 

There is potential for longer-lasting impacts brought about by permanent changes 
in working and transport behaviour in some sectors, particularly surface transport, 
buildings and aviation: 

• Working patterns are likely to be affected long term – people want to
continue working from home to some degree,2 many can continue to do 
so effectively3 and many employers are already adapting to this new 
reality. 4

– Business travel demand may fall, with a shift to remote working and
video conferencing during the pandemic enabling a longer-term
reduction in business travel emissions, in both surface transport and
aviation. Corporate travel budgets may also be constrained due to
increased financial pressures even as the global economy recovers.
Business travellers accounted for a significant proportion (25% at
Heathrow, and around 15% at other major UK airports) of all UK
passengers prior to the pandemic.5

– Home-working is likely to affect energy demand in homes and 
workplaces, while changes to commuting patterns will affect emissions
from transport. Around 25% of typical annual car mileage is due to
commuting,6 so reducing this could offer significant scope for
reducing these emissions. However, estimating the net impact on UK
emissions is complex and far from certain, as increases in emissions 
from residential buildings could exceed savings in non-residential
buildings. Potential lasting effects also include workers moving out of
cities, and undertaking less frequent but longer commutes.

• Personal transport choices may see enduring changes that could affect
travel behaviour, demand and emissions in the future:

Lockdown measures led to a 
record decrease in UK 
emissions in 2020. Most of the 
falls in sectoral emissions 
observed in 2020 are likely to 
be temporary. 

Some behavioural changes 
could last that would have a 
significant impact on 
decarbonisation – particularly 
home-working and travel 
choices. 
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– Decreases in non-business flying. Aviation demand may be supressed
in the medium term, especially if COVID-19 transmission continues
worldwide to some degree. Survey data show that people intend to fly
less after lockdowns are lifted.7 Government should not plan for
unconstrained leisure flying at or beyond pre-pandemic levels in its
strategy for airport capacity and demand management.

– Increases in cycling and walking could be sustained. Nearly 95% of
people said they were likely to continue walking and cycling more
after the pandemic.8 Sustained Government investment in
infrastructure to support walking and cycling can help encourage
these positive changes.

– Decreases in public transport use. Hesitancy to use public transport
may continue in the medium term. Around half of people surveyed
said they will rethink how they use public transport in the future,
reducing use compared to before the pandemic.9 Shifting private car
travel to public transport is important for decarbonisation and brings
significant co-benefits for air quality, reduced congestion and public
health. Government must act to address concerns about safety that
could deter use of public transport.

Sector 

Average 
annual 

change 
required 

for CB6 

Emissions 
change 
2018-19 

Emissions 
change 
2019-20 

Shorter-term COVID impacts Medium- / longer-term COVID 
impacts 

Aviation +6% +1% -60%

Passenger numbers 78% 
lower in August 2020 
compared to 2019.9 

Travel restrictions and 
concerns around safety 
likely to result in lower 
passenger numbers 
compared to pre-
pandemic levels over the 
next year.10 

Impact on business travel is 
uncertain – the shift to remote 
working and videoconferencing 
during the pandemic may result 
in a lasting reduction in business 
travel, especially aviation.11,12 

Leisure travel may also be 
impacted – survey data suggest 
some people intend to fly less 
than they did before the 
pandemic.13 

The size of the aviation sector 
that will emerge post-pandemic 
is still unclear. 

Shipping 0% -2% -24%

9% drop in global maritime 
trade in 2020 and 
comparable fall in tonnes of 
goods traded in the UK.14,15 

Lower trade than pre-
pandemic levels expected 
in 2021.16 

Rebound likely – though 
economic scarring could have 
permanent reduction in shipping 
volume in some sectors. 

Table 2.1 
Potential short- and long-term impacts of COVID-19 by sector 
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Surface 
transport 

-5% -2% -18%

Demand for travel dropped 
considerably across all 
transport modes except 
walking and cycling during 
periods of national 
lockdown. 

Demand rebounded during 
the period between 
lockdowns, but the extent 
of this varied across modes, 
with car demand 
recovering more quickly. 

Public transport use remains 
far below pre-pandemic 
levels, with safety concerns 
remaining for many.17 

Record falls in new car 
purchases. 

Substantial uncertainty around 
how the impact of COVID-19 will 
influence the transport system in 
the longer term. 

Some of the increase in home-
working seen during the 
pandemic is likely to remain, 
which could result in fewer (but 
potentially longer distance) 
commuting trips.18 

Increases in walking and cycling 
could last, especially if support 
for necessary infrastructure is 
maintained and enhanced. 

Reduced use of public transport 
may endure – 32% of people 
said they will reduce use 
compared to before the 
pandemic.19 

Residential 
buildings -3% -1%* +7%*

Changing patterns of 
occupancy and energy use 
due to the pandemic 
response meant direct 
emissions from homes 
increased by 7%* and fell 
by 4% from non-residential 
buildings.20 

Home-working may be sustained 
over the long term which would 
have consequences for 
occupancy of workplaces and 
energy use in homes and in non-
residential buildings. 

Non-residential 
buildings -3% -1%* -4%*

Electricity 
supply -6% -14% -15%

Reduction in non-domestic 
electricity use resulting in a 
4.7% drop in total 
consumption in 2020, with 
domestic energy 
consumption up by 2%.21 

Possible changes in profile of 
electricity demand, depending 
on extent of structural shifts such 
as more flexible working 
patterns. 

Fuel supply -5% -1% -8%

Low oil and gas prices 
resulted from worldwide 
lockdowns and associated 
falls in demand. Output in 
the UK oil and gas sector 
also fell as a result. 

Global oil and gas demand 
partially recovered since 
the beginning of the 
pandemic. Prices are close 
to pre-pandemic levels.22 

Assessments of long-term 
impacts of COVID-19 on oil and 
gas markets vary, with some 
expecting demand to reach 
2019 levels by 2021-2223 and 
others suggesting peak oil will be 
reached earlier than previously 
expected.24 

Manufacturing 
& construction 

-5% -3% -7%

Short-term fall due to 
national lockdowns, 
manufacturing revenues 
temporarily fell to 65-70% of 
pre-COVID level, and 
largely recovered. 

Rebound likely – though 
economic scarring could have 
permanent reduction on 
emissions in some sectors. 

Notes: *Based on temperature-adjusted emissions. 
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a) Aviation (60% fall in emissions in 2020) 

Of all emitting sectors, aviation emissions have been most impacted by COVID-19 
and continue to face the greatest uncertainties. We estimate that total emissions 
from aviation fell by 60% between 2019 and 2020 to 16 MtCO2e.  

International aviation is likely to continue to be constrained in the medium term, as 
the UK implements restrictions on international travel and concerns around the 
safety of international and domestic air travel continue. Longer-term impacts are 
harder to assess: 

• The easing of restrictions during summer 2020 resulted in an increase in 
flights between June and September, although flights remained far below 
pre-pandemic levels – air passenger numbers in August were only at 22% of 
August 2019 levels. Between June and July 2020, the number of passengers 
departing and arriving in UK airports went from 2% to 12% of 2019 levels. 25 
This suggests that pent-up demand may result in surges in flight bookings as 
travel restrictions are eased. 

• The International Air Transport Association (IATA) forecasts a recovery in air 
passenger numbers to pre-pandemic levels by 2024 and sustained average 
growth of 2.2% per year to 2030 in all European markets.26 Their new outlook 
for the global airline industry points to lower passenger numbers in 2021 
than their forecast made in 2020, due to a new surge in virus cases and 
associated increase in global travel restrictions. The result has been a 
significant increase in airline debt in 2020,27 which could impact the longer-
term viability of some airlines. 

• Health concerns around flying also remain – 88% of people taking part in 
the National Travel Survey still had concerns with taking flights in August and 
September 2020, and 55% of respondents said they did not intend to plan 
an overseas holiday by plane within the next year.28 

While it is unclear what the combined impact of these factors will be on the size of 
the sector in the longer term, this year should be used as an opportunity to 
develop a strategy for managing aviation demand.  

This should be based on a reasonable level of international aviation for the UK, 
consistent with a Net Zero by 2050 target for the sector, and include an assessment 
of the UK’s airport capacity. Government must recognise that planning for an ever-
growing aviation sector is not consistent with the UK’s Net Zero target as part of its 
aviation decarbonisation consultation and strategy, due to be published ahead of 
COP26.  

See Chapter 4 for further details on next steps for aviation policy. 

 

 

 

 

 

 

Aviation emissions have been 
most heavily impacted by 
COVID-19 and continue to 
face the greatest uncertainties. 

We estimate that total 
emissions from aviation fell by 
60% between 2019 and 2020 to 
16 MtCO2e. 
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b) Shipping (24% fall in emissions in 2020)

Our estimates suggest UK emissions from shipping fell by 24% between 2019 and 
2020, to 11 MtCO2e. Proportionately, this was the second-largest sectoral fall in 
emissions. Uncertainties also remain around the future level of shipping activity, 
especially while COVID-19 remains widespread globally. The World Trade 
Organisation’s latest forecasts suggest a 9.2% decline in the volume of world goods 
traded in 2020 followed by a 7.2% rise in 2021, while highlighting the high degree of 
uncertainty surrounding these forecasts as they depend on the pandemic and 
global responses to it.29  

Provisional 2020 data show that total freight shipped through the UK’s major ports 
fell by 10% in 2020,30 largely due to the impacts of the COVID-19 pandemic: 

• This effect was particularly pronounced in Quarter 2 of 2020, when freight
volumes were 18% lower than normal.

• We expect the impacts to continue to be felt in 2021 as the UK comes out
of lockdown, but volumes are expected to return to normal levels of
demand by 2022. However, the long-term impacts of COVID-19 on the
global shipping sector are uncertain.

• The shipping sector has also been impacted by the uncertainty surrounding 
the UK’s exit from the European Union. This may have caused some part of
the reduction in demand seen during 2020.

Shipping saw the second-
largest sectoral fall in emissions 
in terms of percentage 
change. Uncertainties remain 
around the future level of 
shipping activity. 
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c) Surface transport (18% fall in emissions in 2020) 

Emissions from the surface transport sector fell by 18% in 2020. This is almost entirely 
due to the impacts of the COVID-19 pandemic and the resulting restrictions on 
travel, which have lowered demand across modes (Figure 2.9). There is substantial 
uncertainty around how the impact of COVID-19 will influence the transport system 
in the longer-term. 

Figure 2.9 Travel demand by mode during the 
COVID-19 pandemic 

 

Source: DfT (2021) Transport use during the coronavirus (COVID-19) pandemic; CCC analysis. 
Notes: Figure shows travel relative to typical demand on an equivalent day. For rail and TfL data, this equivalent 
day is the same week in 2019, whereas for road transport and non-London bus travel, it is a day in early 2020. 
Therefore, these road and bus figures have not been normalised for any seasonality. The shaded regions represent 
the periods of national lockdown in England. TfL = Transport for London. 

 
During the periods of national lockdown*(shown by the shaded regions in 
Figure 2.9), demand for travel dropped considerably across all transport modes, 
except cycling and walking. Demand rebounded during the period between 
lockdowns, but the extent of this varied across modes. 

• Travel by public transport both fell more deeply during the lockdown 
periods than private car demand and rebounded more slowly following the 
first lockdown. As of April 2021, public transport usage remained 50-80% 
lower than pre-pandemic levels, and car travel around 20% lower. 

• Van and HGV travel fell slightly less sharply than car travel in the first 
lockdown, but levels are now similar to those pre-COVID-19. 

 

 
* The shaded regions show the lockdown periods for England. Those in Scotland, Wales and Northern Ireland will vary. 
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Emissions from surface transport 
fell by 18% due to lockdown 
restrictions.  

 
 
Impacts were different across 
different travel modes. Cycling 
increased dramatically, public 
transport use remains very low, 
and car, van and HGV use 
seem to be moving back 
towards pre-pandemic levels. 
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• Cycling rates rose dramatically during the first lockdown and into the
summer 2020, but then declined back close to normal during the second
half of 2020. Cycling rates are now around pre-pandemic levels, but these
may increase again as commuting resumes and the weather improves.

• Walking is the only way of getting around that people are now doing more
regularly. Survey evidence shows that 56% of people are walking three
times a week or more, compared with 36% before the pandemic.31

Underpinning these trends are significant changes people have made in their 
normal way of life and the development of new social behaviours and values. For 
travel patterns, key changes have been observed in the car market, attitudes 
towards public transport, increased home-working and online shopping. 

• Home-working and avoiding non-essential travel. Periods of lockdown and
guidance on avoiding non-essential journeys led to lower travel demand, 
including a significant reduction in commuting as home-working increased
dramatically. This led to large reductions in emissions from surface transport,
although the overall emissions impacts are complex and uncertain
(Box 2.3). It is likely that some of this shift will be retained beyond the
pandemic.

• Public transport use. The reduction in public transport use was driven by
restrictions on travel, social distancing rules and the perception of it being 
unsafe. Research shows that the pandemic has had a negative impact on 
people’s attitudes towards public transport use, but that there is a gap 
between perception and experience. 

– In a survey conducted in February 2021,32 half of respondents said they
will rethink how they use public transport in the future, with 32%
reporting they are expecting to reduce use compared to before the
pandemic. This was more marked for people with disabilities, and less
likely for younger people.

– Nearly 40% of people were concerned about their financial
circumstances in the future, which could impact on public transport
use. This was higher for ethnic minorities, households with children and
younger age groups. Similar concerns could apply to ride-sharing and
car-pooling schemes, which could hinder progress in increasing
average car occupancy.

– These results suggest that there are risks that public transport use will 
take time to recover, particularly as most people report having
alternative travel choices. It is likely to be a difficult transition period for
operators as social distancing rules reduce capacity and they need to
regain trust in services.

• Total new car sales in 2020 fell by 30% in 2020 to 1.6 million, the lowest level
since 1992.33 Sales in the second-hand market fell by 15%.34 However, the
car market began to rebound during late-2020 and evidence35 suggests
that consumer purchasing confidence is rebuilding. Where new vehicles
are purchased, the Government and vehicle manufacturers should look to
prioritise electric vehicle sales wherever possible (see Chapter 4). 

The impacts on travel 
behaviour are currently 
uncertain, but there is likely to 
be some lasting impact of the 
pandemic in the medium to 
long term. 

Working from home increased 
sharply and is likely to stay. This 
will have implications for 
commuting patterns as well as 
home and workplace energy 
consumption. 

Public transport use remains 
much lower than pre-
pandemic levels.  

New car sales have fallen to 
the lowest level since 1992.  
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– Overall, recent research36 suggests that the pandemic has been
reported as being a greater factor in reducing car ownership than it
has been in increasing it to date, with one-quarter of those choosing
to give up their car citing a change in work situation or not needing
the car as much as before.

– Going forward, the market is likely to be affected by economic
considerations, perceptions of safety of public transport and
environmental decisions.

• The increased priority consumers are now placing on health
considerations may further stimulate the recovery of this market,
although economic factors such as affordability may hinder this.

• Potential changes in consumer purchasing power as a result of 
COVID-19 could risk further progress if more affordable EVs, 
appropriate purchase incentives and a robust second-hand
market are not made available.

Box 2.3 
The potential impact of increased levels of working from home on transport 
demand and emissions 

The number of people who work at home has generally increased over time, but this 
shifted dramatically during the COVD-19 pandemic. 

• Before the pandemic, around 5% of people in employment worked mainly from
home, while a further 12% did so occasionally.37 As a result of the COVID-19
pandemic, levels of home-working have risen substantially, with an average of
around 30% of the workforce working exclusively from home each week between
May and December 2020.38

– Both before and during the pandemic, those with higher-skilled occupations* were
more likely to work from home than lower-skilled workers. Those working in
administrative and secretarial occupations saw an increase in home-working from
37% to 57% between 2019 and 2020.39,40

– In April 2020, levels of home-working were highest in London, with 57% of workers
doing some work from home – 92% of these people citing COVID-19 as the main
reason why. Home-working levels were lowest in the West Midlands, with 35% of
workers doing some work from home, compared to the UK average of 47%.41

• A recent study42 found that if people continue to work from home at least two days
per week in the future, then the number of commuting trips by car would fall by 14%.

– Our analysis suggests that this could lead to an overall reduction of 15 billion car-
kilometres each year, potentially avoiding over 2 MtCO2e of emissions per year. For
comparison, the abatement delivered by reducing car travel and modal shift in
our Balanced Pathway in 2030 is around 7 MtCO2e/year.

– Around a quarter of workers surveyed said that they would work from home a little
or much more in the future, with 23% saying they would conduct business meetings
online that they would have previously travelled for.

– Major companies have responded by allowing for more flexible working, with some
expecting that employees will work from home for around two days per week.

• The overall impacts of home-working are uncertain and complex.

– At the household level, working from home increases residential energy demand
for heating and electricity in homes and reduces transport energy demand for
commuting.

* Professional, associate professional, technical occupations and managers, directors and senior officials. 
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A study by the IEA 43 suggests that the net impact of these is a reduction in overall 
energy consumption where private vehicles are the main means of commuting. 
The impact may increase emissions, however, where people normally walk, cycle 
or use public transport. 

– There is likely to be reduced energy consumption from office buildings, with the net
impact being context-specific. In the UK, offices include a greater share of electric
heating suggesting they could also be lower-emission.

– A review of 30 studies44 suggested that in most cases there was some improvement
in energy use and emissions from home-working.

– Wider and potential rebound impacts, such as changing consumption patterns
and where people choose to live and work, are also important and add to the
uncertainty.

d) Buildings (4% increase in temperature-adjusted emissions in 
2020)

Temperature-adjusted buildings emissions in 2020 were 96 MtCO2e – an increase of 
4% on 2019. Changes to emissions were driven by shifting patterns of occupancy 
due to the pandemic response: 

• Temperature-adjusted emissions from homes increased by 7% due to
increased occupancy.

• Temperature-adjusted emissions from non-residential buildings fell by 4%: 
commercial buildings fell by around 8%, while those from public buildings
increased slightly by 1%.

The net effects of the pandemic on emissions from public buildings appear to have 
been relatively insignificant, in part expected to be associated with the diverse 
nature of public buildings, which include hospitals and schools.  

Despite dramatic reductions in occupancy,45 the reduction in emissions from 
commercial buildings was limited. Analysis suggests that savings achieved across 
the stock vary widely, but are constrained by limits on adjusting levels of heating 
and ventilation – particularly in buildings which remain partially occupied, or have 
older plant and controls.46 There is scope to enhance the design and operation of 
buildings and their mechanical and electrical systems, to better respond to 
variations in occupancy. 

It is unclear to what extent shifts in occupancy patterns and behaviour brought 
about by the COVID-19 pandemic will persist; the impacts of such changes on 
emissions are uncertain and complex. The overall effects will depend on the levels 
of increases in energy consumption in residential buildings and decreases in non-
residential buildings, and their relative efficiencies, as well as secondary impacts on 
patterns of living and travel.47,48 

Emissions from homes 
increased and emissions from 
non-residential buildings 
decreased due to changes in 
occupancy. 

There is potential to improve 
the design and operation of 
buildings and their systems to 
better respond to variations in 
occupancy. 
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e) Manufacturing, construction, fuel supply and electricity
generation (average 10% fall in emissions in 2020)

Emissions across these sectors fell by an average of 10% between 2019 and 2020. 
This was primarily driven by a short-term fall in economic activity and energy 
demand due to UK and international lockdowns: 

• Manufacturing revenues temporarily fell by 30-35%, and have since largely
recovered to pre-COVID levels.49 Manufacturing emissions fell by around 7%
across the year.

• Emissions in fossil fuel production in the UK fell by 8% in 2020, as production 
fell in response to low prices resulting from low global demand for oil.

– UK demand fell for road fuels (-20%) and jet fuels (-60%) compared to
2019. Global demand for petroleum products was also down by
around 9%.50 This was a driving force for lower production of petroleum
products in the UK, which was down by 17%.51

– UK demand for gas decreased by 6% compared to 2019 levels,
reflecting lower demand particularly for electricity generation. Gas 
production in the UK was stable, while imports were down 6% and 
exports increased by 17%. The UK remains a significant net importer of
natural gas, importing around five times more than was exported in
the last five years. 52

– Assessments of the long-term impacts of COVID-19 on oil and gas
markets vary,53 but it is expected that demand could potentially return
to 2019 levels as early as 2021-22.54 Sustained impacts on fossil fuel
demand largely depend on potential sustained changes in travel
patterns (see earlier subsections). Recovery plans that accelerate the
pace of a transition for transport towards electrification could
contribute to reducing oil demand and reaching peak oil earlier than 
previously expected.

• Lockdown restrictions had a significant impact on the electricity system
over the course of 2020. Lower electricity demand, coupled with higher
renewables output, highlighted some of the challenges that will need to be
overcome in future for Net Zero (Box 2.4).

The medium- to long-term impacts in these sectors will depend on UK and 
international economic recoveries post-COVID. A rebound is likely, although 
economic scarring or sustained low oil and gas prices could lead to a permanent 
reduction in emissions in some sectors. 

Manufacturing and 
construction revenues and 
emissions fell temporarily, but 
are likely to recover as 
lockdown measures are lifted. 

Fossil fuel demand fell 
worldwide, with impacts on the 
volume of oil produced in the 
UK. It is unclear how long these 
changes in demand will last 
and the impacts on the UK 
market. 
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Box 2.4 
Impacts of COVID-19 on the UK electricity system in 2020 

Restrictions that were put in place during 2020 had a significant impact on the electricity 
system, with reduced demand during lockdown periods. Combined with higher 
renewable output, this highlighted some of the challenges that will need to be overcome 
in the future as electricity generation decarbonises. 

• Electricity demand fell significantly during the lockdown periods in 2020, but was
similar to previous years outside those periods.

– Electricity demand in 2020 as a whole was only 5% lower than in 2019.

– The biggest COVID-19 impacts were felt in the lockdown periods, particularly in the
second quarter where demand was 12% lower than the same period in 2019.

– During the lockdown periods, the profile of demand was flatter as well as being
lower in aggregate, with within-day peaks much less pronounced (particularly for
the morning peak) and differences being smaller between weekdays and 
weekends.

• The carbon intensity of electricity generation fell, through a combination of higher
renewables output and lower demand.

– Renewables output was 15% higher in 2020 compared to 2019, due to
exceptionally windy and sunny conditions early in the year.

– To compensate for lower demand and higher renewables output, the share of fossil
generation fell from 43% in 2019 to 38% in 2020. The country set a record 67-day
period without using coal between April and June 2020.

• The combination of lower demand and higher renewables output had implications
for the running of the electricity system, and led to lower wholesale prices and rising
costs of running the network.

– The wholesale cost of electricity was 42% lower in the second quarter of 2020
compared to the same period in 2019, reflecting both lower demand and the
higher share of zero-marginal-cost generation in the mix. Periods of negative prices
were common.

– The electricity system was able to remain balanced even with lower demand and
with record-breaking levels of intermittent renewable generation (e.g. wind
generation set new daily records in 2020 for both level of power – 17 GW, and for 
share of generation – 60%). However, keeping the electricity system balanced was
more challenging. Balancing costs rose by 50%, and curtailment costs (paying
generators to switch off or reduce their output) doubled.

The challenges of operating with high shares of variable and inflexible generation are 
likely to be increasingly felt over the coming decade as the electricity system 
decarbonises. They highlight the importance of a system that is more flexible and provides 
adequate dispatchable low-carbon generation, and the need for market arrangements 
which enable that. 

Sources: Drax (2020, 2021) Electric Insights Q1, Q2, Q4 2020, UKERC (2020) Electricity demand during week one of 
COVID-19 lockdown, National Grid ESO (12 January 2021) 2020 greenest year on record for Britain. 

The electricity system was 
tested under large changes in 
demand and high levels of 
variable renewables on the 
grid. 
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f) Other impacts and lessons learned

Estimates of emissions from other sectors in 2020, including agriculture, land use 
and waste have not yet been produced, though emissions in these sectors are less 
linked to energy demands and therefore the impacts of lockdown are less certain. 
However, there are several impacts are notable outside those outlined in previous 
subsections: 

• Reduced food waste. A survey of over 4,000 people undertaken by WRAP
on how the pandemic had impacted people’s relationship with food
revealed that during the first lockdown, people adopted behaviours to
better manage food, including freezing, batch cooking and using up 
leftovers. It is estimated that levels of food waste declined by 43% between
November 2019 and April 2020. Even with the easing of lockdown, some of
these behaviours persisted and by November 2020, the amount of food 
wasted was over a fifth less compared to November 2019. Centre for
Climate Change and Social Transformations (CAST) survey data also 
suggest people reduced their food waste during the pandemic, although
some of this progress may have reversed between the first lockdown and 
third lockdowns – 89% of people said they threw away at least some food in
October 2020, compared to 84% in May, and 92% before the pandemic.55

• Climate change attitudes. Concern over the pandemic does not seem to
have dampened concern with climate change and other environmental 
issues. 74% of people surveyed by CAST agreed that tackling climate
change was urgent in separate surveys carried out in May and October
2020, compared to 62% in August 2019. Support for measures to tackle
climate change (e.g. walking and cycling more, reducing meat and dairy
consumption, replacing gas boilers) was high throughout the pandemic
(with different measures receiving different levels of support), increasing 
between May and October 2020.56

• Just transition and inequality. The pandemic has affected all people in the
UK negatively, but has harmed some groups more than others. Inequality 
has been highlighted – and in many cases increased – across multiple
demographic groups, including by age, income, ethnicity, employment
type, and geography. Mortality rates from COVID-19 in the most deprived
areas in England are double those in the least deprived57 and were higher
in both Black and South Asian ethnic groups than the national average.58

The lowest-earning 10% of workers were much more likely to work in sectors
that closed during lockdown, and less likely to be able to work from 
home.59 At the same time, others have been able to work from home and
accumulate savings due to reduced opportunities to spend. The need to
ensure the transition to Net Zero is a fair and equitable one is arguably even 
greater now that than before the pandemic (see Chapter 3).

• Air quality. Positive air quality outcomes can be linked to virtually all of the
changes needed to get to Net Zero, and is likely to be amplified further if
similar strategies are adopted neighbouring countries.60 The most
pronounced changes in UK air quality during lockdown were in the urban
environment, notably for nitrogen oxides (NOx) as emissions from vehicles
fell. Urban NOx concentrations over the lockdown period up to 30 April 2020
were typically 30-40% lower than average. Impacts of lockdown on
exposure to other pollutants were not necessarily positive – particulate
matter (PM2.5) concentrations increased but this was largely due to weather
effects, and urban ozone (O3) concentrations increased due to secondary
air chemistry effects caused by the fall in nitric oxide (NO) emissions.61 

There is some evidence that 
less food was wasted during 
lockdown, and some of those 
effects remained when 
restrictions were eased. 

Support for climate action 
remains high. 

There is a renewed focus on 
inequalities. The need for a just 
transition is arguably greater 
than ever. 
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The experience from 2020 has highlighted several key lessons for decarbonisation. 
We have considered these in our policy advice and reflected them where possible 
(Chapter 4):  

• Emissions fell rapidly, but they can rebound just as quickly. Across several 
sectors, including manufacturing & construction, surface transport and
freight, activities are beginning to return to near pre-pandemic levels. In
general, this should be welcomed as a positive return to economic activity
as lockdowns are eased. However, there are some instances where
beneficial changes could be lost unless action is taken to support them.

• There is a limited window to change behaviours. There are behavioural
sources of ‘friction’ in moving from one pattern of living and working to
another, but if those frictions can be overcome, people and organisations
can often adapt quickly.62 In the light of the changes in response to COVID-
19, there are now significant opportunities to lock in and build on positive
developments, especially – though not exclusively – regarding levels of
demand for transport. This includes:

– Sustaining increases in ‘active travel’ by providing support for walking,
cycling and e-bikes.

– The possible need for active measures to encourage people back 
onto public transport, where there has been a shift to car travel.

– The opportunity to change the narrative on the need for an ever-
increasing number of flights and accompanying airport expansion.

• The need for increasingly resilient networks and infrastructure. Our energy
(and digital) networks have demonstrated they can be resilient to profound
changes in use. The transition towards Net Zero will only increase the
challenges of operating an electricity system with high shares of variable
and inflexible generation. The non-residential buildings stock can be
improved to respond more efficiently to variations in occupancy. Our
systems need to be more flexible as well as low-carbon, and that can be
delivered through long-term planning and clear market mechanisms that
incentivise flexibility. 

• Lockdown is not a blueprint for decarbonisation. The fall in UK emissions in 
2020 was much larger than the annual change needed on the pathway to
Net Zero. However, it did not materially affect the structural changes that
are needed in our underlying economic, social, energy, transportation or
land systems to reach Net Zero.  In order to combat COVID-19, people in 
the UK have heavily restricted their movement with damaging economic
and social consequences. This stands in contrast to the fair, well-planned
and sustainable transition to Net Zero that is possible. It can bring 
improvements to our quality of lives: new jobs, cleaner air, quieter streets,
more green spaces, comfortable homes and healthier lifestyles.

The pandemic has also demonstrated the importance of preparing for known risks 
and the value of scientific advice, which will both be vital in successfully 
confronting the climate challenge. It will be important to sustain the beneficial 
changes that have developed during the pandemic, but also to act decisively to 
mitigate the negative changes that could jeopardise efforts towards Net Zero. 

There are new lessons we can 
draw from the experience in 
2020 to sustain climate-positive 
changes that have developed 
and mitigate the negative 
changes that could jeopardise 
efforts towards Net Zero. 
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3. Progress reducing the UK’s carbon footprint

Under the UK carbon budgets and the Paris Agreement, the UK’s greenhouse gas 
(GHG) emissions reduction targets are based on the UK territorial emissions (i.e. 
emissions physical occurring within the boundaries of the UK), in accordance with 
internationally agreed rules for emissions accounting.* 

It is also important to examine the UK’s total carbon footprint which allocates GHG 
emissions along economic supply chains, no matter where in the world they occur. 
This method allocates emissions to the country where the consumer of the final 
good or service is based. This is known as consumption-based accounting or as the 
carbon footprint of a country. Tracking the UK’s consumption emissions footprint is 
important to consider alongside the legally binding targets set out for UK territorial 
emissions as it can help identify additional actions that UK consumers and 
companies can take to help reduce the emissions along their supply chains (such 
as using low-carbon suppliers) that are not covered within the UK’s territorial 
emissions targets.  

Our 2020 Progress Report showed a sustained decline in the UK’s consumption 
emissions footprint over the last decade (Figure 2.10). Over the period 2009 to 2017, 
the UK’s consumption emissions footprint fell by around 2% per year on average, 
driven by improvements in the energy- and carbon-intensity of the UK and global 
economy outweighing the effect of increased overall consumption and changes 
in the structure of the global economy. This fall in the UK’s consumption emissions is 
slower than for territorial emissions, but there is little evidence that this is associated 
with ‘offshoring’ UK territorial emissions as part of decarbonisation efforts over the 
last decade. 

Updated data are now available for the UK’s consumption emissions footprint in 
2018, showing a 1% increase in emissions relative to 2017 levels.† This small change 
is likely to be well within the estimated margin of uncertainty for the UK’s 
consumption emissions account (previously estimated to be 3.5-5.5%,63 although 
this may have reduced with recent improvement to the methodology). As such, 
analysing the breakdown underpinning this change is not useful for identifying 
robust underlying changes in actions that create emissions at home and abroad.‡ 

As consumption emissions accounts are generally more variable year-to-year than 
territorial emissions accounts, looking at the trend over several years is likely to be a 
more representative picture of underlying trends than year-to-year changes. 

*  Emissions from international aviation and shipping are included for the Sixth Carbon Budget. 
†   F-Gases are included within the UK’s carbon footprint statistics for the first time this year. 
‡   The consumption emissions statistics suggest this increase was a combination of an increase in UK-sourced emissions

and overseas emissions, in particular those arising from the European Union and other OECD countries. On a source 
basis, increases in emissions from domestic heating (2018 contained a cold winter with the ‘Beast from the East’ cold 
snap) and (non-household) transport outweighing decreases from electricity generation and agriculture. 

Tracking the UK’s carbon 
footprint can help us identify 
actions to reduce emissions 
from our supply chains and the 
goods and services we 
consume. 

Our consumption emissions 
footprint has fallen over the last 
decade. 

2190  



85 Climate Change Committee 

Figure 2.10 Changes in UK consumption and 
territorial emissions since 1990  
 

Source: Defra (2021) The UK’s carbon footprint; BEIS (2021) Final UK greenhouse gas emissions national statistics.  
Notes: Emissions from international aviation and shipping are included within both the UK’s consumption and 
territorial emissions accounts in this figure. Emissions from land-use, land-use change and forestry (LULUCF) are not 
currently included within the UK’s consumption emissions accounts.   

We outlined exploratory future scenarios for the UK’s carbon footprint in our advice 
on the UK’s Sixth Carbon Budget report. These scenarios showed 3-7% average 
annual reductions between now and 2050 could be possible, depending on UK 
actions and the degree of global decarbonisation. 

Nearly half (45%) of the UK carbon footprint emissions occurring outside the UK are 
associated with the production of inputs for a domestic economic activity (e.g. 
imported raw materials or parts, as opposed to finished products or services for an 
end user).  

In our Sixth Carbon Budget Advice Report we highlighted corporate action to 
reduce emissions along their supply chain as one of the levers that could help 
reduce this part of the UK’s carbon footprint. Recent estimates indicate that 
around 75% of FTSE100 companies disclose some information related to their 
Scope 3 emissions (share of emissions arising from the upstream and downstream 
supply chains), with around one-third having a target to reduce their Scope 3 
emissions.64  

Recent context changes will affect estimated UK consumption emissions – the UK’s 
trade patterns have been changing due to the end of the transition period for 
exiting the European Union and have been disrupted due to the COVID-19 
pandemic, which has also changed UK consumption patterns. The effects of these 
changes will not be apparent within the UK’s consumption emissions accounts until 
2023-2024. The climate considerations in the UK’s new trade agreement (including 
with the EU) are summarised in Box 2.5. 

Changing trade patterns 
present both a risk and 
opportunity for the UK’s 
consumption emissions and 
support of global 
decarbonisation efforts.  
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As the UK’s trade relationships continue to change, this presents for risks and 
opportunities for further decreasing the UK’s consumption emissions. Increased 
trade with high-carbon producers could lead to increased overseas supply-chain 
emissions, while also potentially undermining domestic decarbonisation efforts 
through increased availability of low-cost imported products with a high carbon 
footprint.  

Conversely, new trade deals and/or implementation of carbon-border policies  
could help support global decarbonisation. The UK should explicitly consider 
climate-related issues when agreeing trade deals and consider supporting trade-
related measures such as carbon border adjustments and product standards, to 
help minimise the global emissions footprint of its international trade.  

Box 2.5 
Climate considerations in the UK’s trade agreements 

Since deciding to leave the European Union, the UK has been working to put in place a 
number of bilateral trade deals to cover trade flows that were previously covered under 
the European Union’s agreements.  

The most significant commitments regarding climate change within these trade deals is 
contained within the UK-EU Trade and Cooperation Agreement: 

• Commitment to the Paris Agreement. The Cooperation Agreement reaffirms both
parties’ commitment to achieving the goals of the Paris Agreement. Efforts to tackle
climate change under the Paris Agreement is referenced as an ‘essential element’ of
the Agreement, violations of which by either side could lead to the Agreement being
suspended.

• Maintaining domestic ambition on climate change. Commitments are included that
both sides will maintain and strive to improve their ‘climate level of protection’ (which
refers to their emissions reductions targets for 2030). The Agreement specifically refers
to the EU’s previous 40% reduction NDC (relative to 1990 levels) and the UK’s share of
this target (which the Committee previously estimated to be around a 57% reduction
in emissions). This has now been superseded by increased emissions reduction
ambition for both the EU (55% reduction relative to 1990 levels) and the UK (a 68%
reduction relative to 1990 levels).

• Cooperation on climate change. Climate change and emissions reduction is
explicitly highlighted as an area for cooperation between the UK and EU, alongside
the role of trade as a relevant driver of GHG emissions. The UK is no longer part of the
European Energy Union or EU Emissions Trading Scheme (EU ETS). The Agreement
commits both parties to work together to find a system for sharing electricity through
interconnectors and to ‘give serious consideration’ to the possibility of linking the new
UK ETS to the EU ETS. No decision on whether the UK ETS will be linked with the EU ETS
has yet been made.

Aside from the UK-EU Cooperation Agreement there is limited concrete detail related to 
climate change in other UK trade deals. The need for new trade deals not to contradict 
existing ones means that the climate commitments within the UK-EU deal could be used 
more widely as a template for other trade deals agreed by the UK in the future.  

Source: HMG (2020) Trade And Cooperation Agreement Between The European Union And The European Atomic 
Energy Community, Of The One Part, And The United Kingdom Of Great Britain And Northern Ireland, Of The Other 
Part .  
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Introduction 

Delivering the Sixth Carbon Budget will require an immediate scale-up in action 
across the economy, building an annual investment programme reaching around 
£50 billion per year by 2030, up from around £10 billion per year today. This must be 
accompanied by significant changes in individual and organisational behaviours, 
alongside major changes in the way we farm and use our land.  

The transformation presents a major policy challenge for Government and a 
delivery challenge for UK business. Both Government and businesses have signalled 
their commitment to meeting these challenges, but much remains to be done. 
Now that the Net Zero target and Sixth Carbon Budget have been set, focus must 
switch to delivery. 

In this new context, the Committee’s role must also evolve. This chapter sets up 
(but does not conclude) the discussion of metrics of progress and the right way to 
monitor Government action.  

We look forward to assessing the Government’s full Net Zero Strategy later this year, 
and will aim to align our progress metrics and monitoring with the Government’s 
proposals where we consider those to be credible. 

The key messages of this chapter are: 

• Focus on delivery. Our Sixth Carbon Budget advice identified and
quantified many of the changes that need to happen in the next three
decades. Now that the target has been set, focus must switch to delivery.

– Decreases in non-business flying. Aviation demand may be supressed
in the medium term, especially if COVID-19 transmission continues
worldwide to some degree. Survey data show that people intend to fly
less after lockdowns are lifted.1 Government should not plan for
unconstrained leisure flying at or beyond pre-pandemic levels in its
strategy for airport capacity and demand management.

• There are some signs of progress on key enablers of the path to Net Zero.

– The transition to Net Zero requires changes that go beyond the
deployment-related metrics we have tended to track to date. We will
seek to broaden our assessment of real-world progress, including
governance, public attitudes, corporate commitments, finance, just
transition and the green recovery, as well as consumption emissions
and the factors affecting them.

– Early signs of progress on key enablers include two Cabinet
Committees, the UK Climate Assembly, Scotland’s Just Transition
Commission, publication of the interim report of the HM Treasury Net
Zero Review, and a rapid increase in climate commitments and action 
from UK businesses.

• The pace of progress varies across sectors. Some sectors of the economy
are making strong progress towards Net Zero, while others are lagging
behind:

This chapter sets up (but does 
not conclude) a discussion of 
how to monitor Government 
progress towards the Sixth 
Carbon Budget. 
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– Sales of electric vehicles and the deployment of supporting charging
infrastructure have increased considerably in recent years. Policies will
be required to drive the accelerated uptake required throughout the
2020s (e.g. a zero-emission vehicle mandate). There are also
concerning trends, notably the rapid growth in car and van travel and
shift towards larger vehicles during the past decade.

– There has been almost none of the necessary progress in upgrading
the building stock. Despite a small improvement in rates of heat pump 
installation, these remain far below levels that are necessary. Insulation 
rates remain well below the peak market delivery achieved up to 2012
before key policies were scrapped, demonstrating clear potential for 
growth if an effective policy package is in place.

– Deployment of renewable electricity generation has scaled up rapidly. 
The increase in 2020 was at a much slower rate than the average
achieved over the previous five years, however, the growing project
pipeline means that this slowdown is likely to be temporary.

– Progress in agriculture and land use has repeatedly failed to meet the
indicators (e.g. for tree planting and on-farm efficiency measures)
outlined in the Committee’s progress reports in recent years. There are
signs of potential consumer willingness to shift towards less carbon-
intensive diets, but this has not yet translated to reduced meat
consumption or been backed up by policy to support the change.

– Progress in reducing emissions from waste have stalled in recent years
following a period of steep emissions reductions from the late 1990s
caused by the diversion of waste from landfill.

– In the decade prior to 2020, air passenger demand increased by 36%.
Efficiency improvements were not enough to offset this rise in demand,
leading to a rise in emissions.

– Although there have been emissions reductions in industry, it is unclear
how far this reflects structural changes driven by wider factors or
genuine improvements in efficiency and carbon intensity. Tracking
progress against our recommended pathway for manufacturing and
construction is currently challenging because of a lack of data, which
in some cases is because the technologies or approaches are still at
an early stage of deployment.

This Chapter is set out in three sections: 

1. Tracking underlying progress

2. Underlying progress on key enablers of the path to Net Zero

3. Underlying progress by sector
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1. Tracking underlying progress

a) Why we care about underlying progress

The end goal of domestic emissions reduction policy is to reduce UK greenhouse 
gas emissions to Net Zero by 2050. Reporting changes in annual greenhouse gas 
(GHG) emissions and setting targets to reduce those emissions is a fundamental 
element of monitoring the UK’s progress on tackling climate change.  

However, reporting annual GHG reductions does not tell the complete story. 
Chapter 2 sets out how the largest changes in annual emissions in the last decade 
were driven not only by reductions in the power sector, but also by external factors 
including winter temperatures, economic recessions, and most recently by 
lockdown measures during the pandemic (Figure 2.5). 

Tracking underlying progress is therefore crucial to understanding what is driving 
current and future trends in UK emissions, and for identifying areas where the UK is 
performing well or falling behind.  

In particular, we are interested in identifying a sustained shift towards low-carbon 
investments and behaviours (e.g. an expansion of renewable electricity 
generation, an increase in the share of electric cars being bought, higher rates of 
planting trees, a shift from car use towards walking/cycling). 

b) Our basis for monitoring underlying progress in future

In December 2020 the Committee published a Balanced Pathway to Net Zero as 
the basis for the recommended Sixth Carbon Budget, along with a range of 
alternative pathways to Net Zero. These pathways identify the changes in 
investments, choices and behaviours that would deliver the budget and put the UK 
on track to Net Zero. They give us a reasonable basis against which progress can 
be measured. 

We recognise that there are options and uncertainties associated with pathways 
to meet the Net Zero 2050 target and the Sixth Carbon Budget. While the 
Balanced Pathway – referred to in this report simply as the ‘CCC pathway’ – sets a 
basis for the budget, it is not intended to be prescriptive. Rather it is illustrative of 
what a broadly sensible path without extreme assumptions would look like. A little 
more or a little less may be achieved in any given area, or alternative low-carbon 
solutions could be used, but the overall level of ambition and delivery must match. 
Since the pathway is, by design, stretching in all areas there is only limited scope to 
diverge significantly in any one area, as credible options to go significantly further 
in others are limited. 

Our pathway modelling approach for the Sixth Carbon Budget was rooted in the 
technologies, investments and behaviours that are needed to decarbonise. This 
approach allows us to produce a large range of quantitative metrics of what is 
needed to achieve Net Zero. These are referenced throughout this chapter.  

However, we have not fully quantified all the leading indicators and enablers 
needed to deliver them, such as strengthening of supply chains, expansions of the 
skilled workforce, or changes in public attitudes. Over the next year, the 
Committee will work towards a more complete set of indicators that also aim to 
track those real-world drivers of underlying progress. 

Tracking underlying progress is 
important, to understand 
whether lasting changes are 
being put in place that will 
lead to the necessary emissions 
reductions later on. 

We can compare real-world 
deployment to the CCC 
pathway to see whether things 
are on track. 

We will extend our progress 
reporting in the next year to 
cover a wider set of underlying 
drivers of emissions reductions 
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The Committee’s ability to monitor Government performance on climate change 
also rests heavily on publication of the UK’s Net Zero strategy, anticipated later this 
year. This publication will raise two key questions that will guide the Committee’s 
scrutiny of underlying Government progress in future reports: 

• Does the Net Zero Strategy set out a credible pathway to the Sixth Carbon
Budget and Net Zero targets?

• Is the Government on track to deliver what was promised in its own Net
Zero strategy?

We will aim to align our progress metrics and monitoring with the Government’s 
proposals where we consider those to be credible and practical. 

Where we assess them to be 
credible, we will aim to align 
our progress monitoring to the 
Government’s plans and 
proposals. 
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2. Underlying progress on key enablers of the path to Net Zero

This section reviews some of the key cross-cutting enablers for delivering Net Zero, 
and identifies underlying progress in each theme. Our future work will expand on 
each of these themes in more detail.  

a) Governance and delivery

Good governance will be crucial in enabling delivery of the path to Net Zero. 
Mitigating and adapting to climate change are challenges that cut across the 
entire economy, requiring Government to work together at all levels. There has 
been some activity on this challenge in the last year: 

• There are now two Cabinet sub-committees (for Climate Action Strategy,
chaired by the Prime Minister, and Climate Action Implementation, chaired
by the Secretary of State for Business, Energy and Industrial Strategy). The
Government does not report on the content or frequency of these
meetings, but it is clear from the increased policy activity and the
Committee’s own experience that they are being used.

• The Government has recently separated the roles of Secretary of State for
Business, Energy and Industrial Strategy and President of COP26.

• At senior official level there is a Climate Change National Strategy
Implementation Group, a Net Zero Steering Board and various coordinating
working groups. The Business and Energy Secretary has also recently
convened a new Net Zero Expert Group as part of Task Force Net Zero,
which aims to adopt a whole-system approach to decarbonising the UK
economy.

• The Government has set the Bank of England a new mandate to support
the Net Zero transition.2 It has also established a Net Zero Business
Champion (see part e) of this section).

• In the past year, parliamentary Select Committees have opened at least 20
inquiries into aspects of the UK’s path to Net Zero.

• Both the National Audit Office (NAO) and the Institute for Government (IfG)
have made recommendations3,4 based on their assessments of what
structures and approaches would be best within the centre to coordinate
the work that is required across all areas of Government business. The
recent Dasgupta Review5 suggested including natural capital within an 
‘inclusive wealth’ approach to national accounting systems to
appropriately value sustainable economic growth and development.

This process of embedding Net Zero throughout Government departments must 
continue through the 2021 Spending Review, for which plans to contribute to Net 
Zero should be a key criterion. 

There are further challenges beyond central Government. There will need to be a 
strong, clear strategy set from the centre, with clear lines of responsibility and 
accountability alongside appropriate empowerment of those tasked with delivery. 
The UK Government must coordinate effectively with devolved governments and 
there must be a clear expectation of, and support for, local government. 

Government will need to work 
together effectively at all levels 
to deliver the pathway to Net 
Zero. 

Government must set a clear 
strategy for how Net Zero will 
be delivered across the whole 
system. 
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• Net Zero and the recent legislation of the Sixth Carbon Budget set a clear
direction, but these now need to be developed into a full strategy for
delivering the necessary decarbonisation. The build-up to COP26 provides
an opportunity for the UK to show leadership in setting out ambitious
decarbonisation plans and a roadmap for delivering these. This momentum
and Government ambition must be sustained and built upon beyond
COP26.

• Each of the devolved administrations contributes to the UK’s overall Net
Zero target, while Scotland and Wales each have their own Net Zero
targets. As such, each devolved administration is developing and 
implementing policy to reduce emissions – this presents both challenges in 
terms of aligning policy signals and outcomes, and also opportunities to
learn from best practice.

• A lot of the delivery required for Net Zero is inherently local in nature, but
local actors (including local authorities, sectoral bodies and business
groups) are frequently not properly empowered and supported to deliver
the actions required.

– Nearly three-quarters of local authorities have declared a climate
emergency. However, there can be uncertainty around what actions
they should take to address this, and delivery of Net Zero can be a
challenge in the context of funding shortfalls and competing needs to
deliver statutory obligations.

– As part of our advice on the Sixth Carbon Budget, we commissioned
an assessment of the role of local government.6 This produced several
recommendations for how to enable collaborative delivery, including
the need for an agreed framework incorporating local and national
action, the importance of aligning policy and local powers with
ambition and the requirement for appropriate long-term
programmatic funding.

We intend to consider the governance challenges further during the 2021-22 year, 
including the work of other organisations and potential lessons from other delivery 
challenges. We will report back on our findings in our 2022 Progress Report. 

b) People and public engagement

Meeting the Sixth Carbon Budget and the Net Zero target will require increased 
action from people, as consumers, workers, households, businesses and citizens. 
Our analysis shows that over half the emissions reductions needed to meet the Sixth 
Carbon Budget involve people making low-carbon choices, whether adjusting to 
the different characteristics of low-carbon technologies (e.g. electric cars), or by 
changing their current consumption patterns (e.g. by eating less meat).  

The experience of the Climate Assembly UK shows that people will support the 
transition to Net Zero if they understand what is needed and why, if they have 
options and can be involved in decision-making processes. However, for wider 
society in general, while there is an increased awareness of the need for climate 
action, there is still a gap in understanding what this means for them. For example, 
while 80% of people are concerned about climate change, only half are aware 
that their gas boiler produces emissions.7 Climate Assembly UK also demonstrated 
that there is much that government can learn from citizens’ lived experience and 
values that can help in formulating better policy. 

Much of the activity that is 
required to deliver Net Zero will 
be carried out at the local 
level. Therefore, it is vital that 
local actors are properly 
empowered and supported to 
deliver these actions. 

The Climate Assembly UK was 
an important start in engaging 
the public more in climate 
policy decisions. 
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There is a clear requirement for the Government to tell a better story on how 
people can engage in the transition, while also learning from people’s 
experiences. The need for a Government public engagement strategy was 
identified as a key policy priority area in our Sixth Carbon Budget advice.  

The Committee will be undertaking further work on how people can be engaged 
effectively on this path, with a view to making more detailed recommendations to 
Government in 2022. The work will be informed by stakeholder engagement, 
literature review, survey data and work with the Climate Citizens project at 
Lancaster University. It will cover: 

• Establishing the principles of what good public engagement for Net Zero 
looks like. This will include a synthesis of the main findings of different public 
engagement strategies and models used in the UK and overseas, both 
within climate change and other policy areas, in order to demonstrate 
what works and what we can learn from successful engagement.  

• Unpacking the key Sixth Carbon Budget actions that actively involve 
people changing how they do things. This will allow us to identify: 

– Priority areas for engagement.  

– The most appropriate engagement model(s), policies and key delivery 
partners, drawing on evidence from case studies.    

– The key indicators and survey data with which to track progress 
against and identify key data gaps. 

• Assessing the public engagement aspects of the Government’s Net Zero 
Strategy. 

  

Our future work will include 
looking at ‘what works’ for 
public engagement, further 
analysing what meeting the 
Sixth Carbon Budget means for 
individual choices, and 
assessing the Government’s 
own public engagement plans.   
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c) Just Transition – who pays and who gains? 

A key challenge on the path to Net Zero is how to spread the costs and benefits of 
the transition across the economy: for households, businesses and the Exchequer. 

The Treasury published their initial findings on this challenge in December, in the 
interim report of their Net Zero Review. Its conclusions echoed the Committee’s in 
our Net Zero report and in the Sixth Carbon Budget, as well as the conclusions of 
our Expert Advisory Group on the costs and benefits of Net Zero.8  Conclusions 
include that the effects of decarbonisation on economic growth are likely to be 
small and that the costs of the transition are uncertain but can be minimised with 
good policy, which should rely on a range of levers (Box 3.1). 

In the long term, the transition should result in lower energy costs and energy bills, 
but in the coming decade our scenarios involve further increases in electricity costs 
before these begin to fall. To date, climate policy costs have been primarily added 
to electricity prices rather than to gas prices. This has adversely affected particular 
groups (those with electric heating, who are often fuel poor) and had a 
distortionary effect by undermining the case for electrification, which should play a 
major role in meeting the Sixth Carbon Budget both in homes and in industry. 

There is growing consensus on the need to tackle the imbalance between 
electricity and gas prices. For example: 

• Public First, supported by five major energy companies, produced an 
assessment of policy options for energy bill reform that would remove the 
running cost disincentive on electrified heating, while maintaining 
affordability of heating for average households across the country, not 
substantially increasing costs for the fuel poor and without putting an 
undue fiscal burden on public finances.9 The 750,000 electrically-heated 
fuel poor households would benefit. Particular issues include how better to 
target fuel-poor households and impacts on people moving in and out of 
fuel poverty (fuel poverty ‘churn’), who would be hit by a large bill increase 
under their proposals. 

• In their Fourth Annual Report, the Committee on Fuel Poverty (CFP) 
recognised the adverse incentives under the current system, which 
discourage the necessary move away from gas or oil to electricity. The 
CFP’s preference is that climate policy costs are not passed on to 
consumers via bills but rather recovered in income taxation. However, in 
the short term they support a shift of policy costs to gas bills, as long as 
measures are taken to protect fuel-poor households against any resulting 
bill increases.10 

Alongside the benefits in mitigating climate change, and the potential for lower 
energy prices in the long term and economic benefits, there are additional 
benefits on the path to Net Zero. These include significant, tangible improvements 
to public health, the environment and biodiversity: 

• Chapter 5 of the Sixth Carbon Budget set out in detail the range of co-
impacts that are likely to arise from decarbonising our economy. The 
Committee appointed an expert advisory group on health to support our 
advice on the Sixth Carbon Budget, which concurred strongly with our 
previous assessment that climate action could bring significant benefits to 
health, including through healthier diets, more exercise and better air 
quality. 

The costs and the benefits must 
be shared in a way that is fair 
and is perceived to be fair. 

There is currently an imbalance 
between gas and electricity 
prices. This does not fairly 
spread the costs of polluting 
nor incentivise the right 
decarbonisation decisions. 

Reaching Net Zero will bring 
tangible benefits to people’s 
lives that overwhelmingly 
outweigh the negatives. These 
benefits should be shared as 
widely as possible. 

2205  



Progress in reducing emissions: 2021 Report to Parliament 100

• We concluded in the Sixth Carbon budget that the positive co-impacts of
reaching Net Zero overwhelmingly outweigh the negatives, especially if
supported by the right policy decisions from the Government to maximise
societal benefits and minimise the risks.

The final report of the Treasury’s Net Zero Review, which was planned for Spring 
2021, has been delayed and is now expected later this year – over two years since 
the Committee recommended it. We expect the Review to address many of the 
issues around who pays and who gains from a transition to Net Zero, including: 

• Developing a plan for funding decarbonisation and reviewing the
distribution of costs for businesses, households and the Exchequer. This
should set out the main areas where action and funding will be required,
the principles on which the distribution of costs should be determined and
clarity over how costs will be allocated.

• Considering near-term as well as long-term decarbonisation funding needs 
and policy implications. One Government cannot make funding
commitments that bind future Governments, but the review can set out
principles to inform the scale and nature of long-term Government funding
and make concrete proposals for action and funding over the next five to
ten years, or at least be accompanied by a spending review or budget
which does the same.

• Reforming price signals, including the potential to raise offsetting revenues
by greater use of carbon taxes (e.g. for sectors like aviation that are
currently under-taxed and where equity concerns are less present) and the 
need to rebalance policy costs between gas and electricity to ensure the
take-up of low-carbon electricity solutions is not hindered.

For climate action to be effective, it must reduce global emissions, not just UK 
territorial emissions. Emissions reductions from UK industry must result from reduced 
UK consumption and from decarbonising the UK’s own industries, rather than 
‘offshoring’ production to other countries (i.e. 'carbon leakage'). It is vital therefore 
to consider competitiveness as part of the just transition. 

Our advice on the Sixth Carbon Budget identified how emissions can be reduced 
while managing competitiveness. Government has also set out a vision of how this 
can be achieved, through strategies including the Industrial Decarbonisation 
Strategy. The Strategy stated that ‘In the immediate future, government’s preferred 
method for mitigating the risk of carbon leakage will continue to be free allocation 
of UK ETS emissions allowances, which will be decreasing throughout the 2020s.’ 
The Government is consulting on the future of free allocation. 

Going forward, we will monitor progress on the development of these policies and 
consider indicators to track progress on managing competitiveness. We will also 
consider how policies to manage competitiveness can be designed to reduce the 
embodied emissions of UK imports. 

Managing the transition fairly will be an ongoing process and must continue 
beyond the publication of the final report of the Treasury’s Net Zero Review. We will 
continue to monitor the Government’s progress in delivering a transition that shares 
costs and benefits fairly across different groups. Our further work on this theme, in 
addition to tracking government progress, will depend on the findings of the Net 
Zero Review. 

HM Treasury’s Net Zero Review 
final report is now two years in 
the making and has many 
questions still to answer. 

Emissions can be reduced 
while maintaining 
competitiveness, but this will 
require policy to support UK 
industries. 
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Box 3.1 
Findings of the interim report of HM Treasury’s Net Zero Review 

In May 2019 the Committee’s Net Zero report recommended that the Treasury undertake 
a review of how the costs of achieving Net Zero emissions should be distributed and the 
benefits returned. The Treasury agreed to undertake the review and published its interim 
report in December 2020. Key findings of the interim report include: 

• Reaching Net Zero is essential for long-term prosperity. Global action to limit
greenhouse gas emissions is needed to avoid catastrophic climate change with
almost unimaginable consequences for societies across the world. But this
transformation will also create opportunities for the UK economy, like new industries
and jobs that emerge as existing sectors decarbonise or give way to low-carbon
equivalents.

• The effect of UK and global climate action on UK economic growth is likely to be
relatively small. The scale, distribution and balance of new growth opportunities and
challenges will depend on how the economy and policy respond to the changes
required.

• The costs of the transition to Net Zero are uncertain and depend on policy choices.
Investment requirements to reach Net Zero and impacts on operating costs are
affected by a range of factors which are subject to significant uncertainty (e.g. the
precise path of the transition, changes in behaviour and the rate at which
technology costs fall and efficiency gains are made).

• Government needs to use a mix of policy levers to address multiple market failures
and support decarbonisation. Government policy should seek to target market
failures directly where possible, subject to distributional and international
competitiveness impacts. Carbon pricing is an important lever in addressing the
negative externality problem but should be supplemented by other policies.

• Well-designed policy can reduce costs and risk for investors, support innovation and
the deployment of new technologies. A clear policy framework setting out the
government’s approach at different levels of technological development can help
address uncertainties. Where uncertainty is at its greatest, government may need to
provide more direct support.

• The risk of carbon leakage will increase with efforts to reduce emissions. Changes
required for the transition could lead to carbon leakage if policies achieve their goal
of lowering emissions in one jurisdiction but inadvertently increase emissions
elsewhere. The size of the risk depends on each sector’s costs of decarbonising, their
trade exposure and international policies. The government has a number of ways to
seek to mitigate this risk, including through its climate diplomacy and the design of
policies to support the transition.

• Government needs to consider household exposure to the transition through their
consumption, labour market participation and asset holdings in designing policies.
Different types of household will have different levels of exposure to the transition.
Where costs fall will depend on a range of factors, including the cost of
decarbonising each sector, the availability of alternative low-carbon products and
the distribution of new green jobs in the economy. Government will need to be
mindful of these issues as they consider the best way to design policy to support the
transition.

Source: HM Treasury (2020) Net Zero Review: Interim Report. 
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d) Just Transition – workers and skills

The transition to Net Zero will need more of some jobs and fewer of others. There is 
no reason to think that the total number of jobs should be any lower than in a high-
carbon world – a recent report by the Confederation of British Industry set out the 
potential for the transition to Net Zero to create 240,000 new green jobs by 2030 
across the UK,11 and the International Energy Agency’s Roadmap for the Global 
Energy Sector results in 14 million jobs created globally by 2030.12 But the shift in jobs 
from some areas to others brings a significant transition risk. 

The transition will affect the whole of the UK, with impacts differing across regions, 
sectors and workers. Risks of negative localised impacts must be a particular focus 
for policy. The deindustrialisation that has occurred in the UK to date has already 
left some regions disproportionately worse off, with previous efforts in the UK to 
transition workers in declining industries to new jobs achieving limited success.13 A 
strategy for the just transition is required to ensure no group is left behind. 

Key developments over the last year include publication of the final report of the 
Scottish Just Transition Commission, establishment of the Green Jobs Taskforce and 
the Government’s plans for a Skills and Post-16 Education Bill: 

• The Scottish Just Transition Commission published its final report in March
2021.14 The report acknowledged that transitioning to Net Zero means a
fundamental transformation of the nation’s economy, which offers great
opportunities, but must be implemented fairly. It made 24
recommendations to ensure the transition is made “by the people of
Scotland, not done to the people of Scotland”, including four practical
recommendations to equip people with the skills and education they need
to transition to Net Zero:

– A flexible and accessible skills and education system.

– A skills guarantee for workers in carbon-intensive sectors. 

– Support for small and medium enterprises to invest in their workforces.

– Equipping farmers and land managers with the skills, training and
advice they need.

• The Green Jobs Taskforce was convened by BEIS to focus on both
immediate and longer-term challenges of delivering skilled workers for the
transition to Net Zero. It will produce a Green Jobs Action Plan with solutions
and recommendations. These documents had not been published as this
year’s Progress Report was being finalised and its recommendations were
not considered as part of our assessment of progress.

• The 2021 Queen’s Speech set out plans for the Government’s Lifetime Skills
Guarantee, which will offer adults loans to retrain in later life and help them
”to gain in-demand skills and open up further job opportunities”, as part of
the Skills and Post-16 Education Bill. The Bill will also aim to realign the
education system around the needs of employers to fill skills gaps in sectors
including construction, digital, clean energy and manufacturing.15

We will continue our work in this area, drawing on existing external research and 
analysis and identifying knowledge gaps which the Committee could help to fill.  

There is a transition risk to 
employment, as high-carbon 
activity declines and new low-
carbon industries are created. 

A strategy is needed to ensure 
a just transition for workers. 
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We will draw on the pathways we developed for the Sixth Carbon Budget and 
consider in particular the implications for employment and skills policy, and 
consider what indicators could be used to track success in ensuring a just transition. 

e) Other key drivers of progress

Further enabling actions will be required to meet Net Zero. The Committee’s future 
work on cross-cutting areas will build on previous reports and explore new areas. As 
with policy development more generally (see Chapter 4), there has been progress 
in these areas in the last year. 

• Business action. While the UK government must set the frameworks for the
transition and citizens must make low-carbon choices, the private sector
must invest and transform their business models. This will often be driven and
supported by the third sector. Increasingly, businesses are delivering on 
these ambitions, by procuring low-carbon electricity, switching to electric
vehicles and decarbonising their own operations. Our future work will aim
to help businesses make informed decisions that are in line with Net Zero
(see Box 3.2) and track how corporate commitments are progressing in the 
UK. Key developments in the past year include:

– The UK had the largest share of companies (94 out of 300) in the
Financial Times’ Europe’s Climate Leaders list of companies that have
achieved the greatest reduction in greenhouse gas (GHG) emissions
intensity* since 2014.16

– The BSI Net Zero Barometer found that 7 out of 10 businesses in the UK
have made or are considering making a commitment to Net Zero, but
the vast majority (82%) require more guidance if they are to achieve
the target, with cost cited as the biggest barrier. 17

– Nearly one in three FTSE100 companies have signed up to the UN's
Race to Zero campaign.18 Small and micro businesses are now also
being encouraged to commit to cutting their emissions (in half by 2030
and to Net Zero by 2050 or sooner) through the Together for our Planet
campaign and newly-established UK Business Climate Hub.

– The Government has established a Net Zero Business Champion with
direct responsibility to support as many UK businesses as possible to
commit to net-zero emissions targets.

Investment and finance. The Committee’s Expert Advisory Group on Net Zero 
finance concluded that the investment programme required for the Sixth Carbon 
Budget is deliverable, but that delivering at the lowest overall cost is dependent on 
policy in both the ‘real’ and ‘financial’ economies. The Group highlighted the 
need for a regular assessment of investment needs and financial flows for climate 
action in the UK. Such an assessment would consider the level and sufficiency of 
capital investment flows made by households, firms and public authorities to 
achieve the UK’s climate goals of Net Zero, adaptation and a just transition. It 
would also aim to assess the overall alignment of the UK’s stock of financial assets 
with the Paris Agreement and for Net Zero and resilience at both a UK and global 
scale. Key recent developments in low-carbon finance include: 

*  This ranking covers only Scope 1 and Scope 2 emissions, and does not cover Scope 3 emissions from companies’ 
supply chains and the end-use of their products and services. 

We will continue to develop our 
understanding of what progress 
towards Net Zero looks like for 
businesses, the financial system, 
UK innovation, carbon pricing, 
international engagement, and 
more.  
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– London remained top of the Global Green Finance Index (GGFI).19 The
index ranks cities based on the quality and depth of their green 
finance offerings, capabilities and mechanisms. Ratings rose in almost
all centres globally, but Western Europe continues to be the most
mature market, accounting for nine of the top 10 and 12 places across
the respective rankings.

– From May 2019 to May 2021, the UK climbed from eight to fourth in EY's
rankings for international attractiveness of renewable energy 
investment and deployment opportunities.20

– The UK has announced its intention to make Task Force on Climate-
related Financial Disclosures (TCFD) aligned disclosures mandatory
across the economy by 2025, with a significant portion of mandatory
requirements in place by 2023.

– The UK Government announced at least £15 billion of ‘green gilts’
sovereign bonds for this financial year, and the Bank of England’s
climate change stress test will be published in June 2021.

– The remits of the Bank of England’s Monetary Policy Committee (MPC) 
and Financial Policy Committee (FPC) were updated to reflect the
Government’s economic strategy to achieve economic growth that is
consistent with Net Zero.

– The Prime Minister's Finance Adviser for COP26 has published a Private
Finance Strategy for climate change.

• Innovation and infrastructure have played a critical role in driving down the
costs and improving the efficiencies of the low-carbon technologies we use
today. Sustained support for innovation – at all stages of the technology life
cycle, including deployment – can ensure costs and efficiencies continue
to improve in the future. Scaling up low-carbon technologies will rely on 
new infrastructure (e.g. electric vehicle charging points, electricity network
upgrades and new CO2 storage and hydrogen networks). This must be
reflected in infrastructure decisions in the 2020s and be resilient to a
changing climate. Monitoring progress will involve tracking technology
costs and uptake, funding available for Net Zero research and innovation,
as well as whether the necessary infrastructure is being built. Key recent
developments include:

– HM Treasury confirmed a new Net Zero Innovation Portfolio (NZIP) with
funding totalling £1 billion. Funding will be allocated on a competitive
basis to sectors including long-duration energy storage; floating
offshore wind; biomass and regenerative agriculture.

– Progress has been made on plans and funding for infrastructure,
including the National Infrastructure Strategy, Plan for Growth, and the
establishment of the UK Infrastructure Bank.

• Cross-economy carbon pricing and obligations. To incentivise the transition
to Net Zero, prices will need to reflect carbon content sufficiently to favour
low-carbon options over high-carbon options. That can be achieved 
through explicit carbon pricing or other financial levers, although these will
not be sufficient by themselves and must be backed up by other policy. In
principle, all sectors of the economy could be exposed to carbon pricing,
although care must be taken in managing impacts when doing so.
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Monitoring the impact of carbon pricing will involve tracking the price of 
emitting (or removing) carbon in the UK, the scope of emissions that is 
covered by such a scheme, and the impact it is having on real-world 
decisions. The UK Emissions Trading System (UK ETS) launched at the start of 
the year. The Government has committed to consulting by September 2021 
on a cap for the UK ETS consistent with the Sixth Carbon Budget. 

• International / engagement with other ‘Climate Councils’ worldwide. The
Committee is working with over 20 other climate councils from around the
world to share knowledge and insights, recognising the significant common
ground and importance of independent, evidence-led advice in
implementing the Paris Agreement. This is being taken forward as a formal
international network with events planned around the COP and in future
years.

Box 3.2 
The role of business in delivering the Sixth Carbon Budget 

Corporate action is already driving significant change across the UK and internationally, 
and accelerating this action will enable the policy, technological, behavioural, and 
business model changes needed for a zero-carbon society. Yet many businesses within 
the UK are increasingly looking for information and a better understanding of the future 
context in which they will operate. 

Alongside our advice on the Sixth Carbon Budget we developed a briefing note on how 
businesses in the UK can act to support the UK’s transition to Net Zero. This suggests the 
following principles to guide business ambition in the UK: 

• Do the basics well – measure, disclose, target, act, adjust. Companies should
account for, and take action on, all emissions they are responsible for and be
transparent about their objectives to reduce emissions, and how they plan to do it.

• Adopt the highest possible ambition, acknowledging that some, particularly large,
businesses may be able to achieve Net Zero earlier than the UK’s national objective.

• Address all emissions, and go beyond. In particular companies should look at the
emissions that occur in their supply chains (‘Scope 3’ emissions), and go beyond this.
In particular we identify two areas to advance progress:

– Companies can lead the transition to electric vehicles in the UK, and should switch
their vehicle fleets to EVs over the 2020s

– Companies should ensure corporate renewables procurement pays for new low-
carbon electricity to be installed, rather than just purchasing existing renewables.

• Ensure Climate Change is addressed at the highest levels of corporate leadership,
including ensuring climate action is given board level and CEO responsibility.

• Minimise offsets, phase them out, and ensure only permanent emissions removals
remain, in line with our recommendations around how the UK should meet its
national carbon budgets.

Source: CCC (2020) The role of business in delivering the UK's Net Zero ambition. 
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3. Underlying progress by sector

This section assesses underlying progress by sector, showing changes in the ‘key 
metrics’ that could be used to track progress against our recommended pathway 
to Net Zero and discussing broader underlying developments that are likely to 
affect technology deployment, changes in individual and business behaviours, 
and ultimately UK emissions in future years.  

These key metrics are not yet a full indicator framework, but many of these metrics 
will continue into future progress reports. 

a) Surface transport (113 MtCO2e, 23% of UK emissions in 2019)

Surface transport remains the UK’s highest-emitting sector. Delivery of the 
Balanced Net Zero Pathway (‘CCC pathway’) from our 2020 Sixth Carbon Budget 
Report will require substantial progress over the coming years: 

• Rapid ramp-up of sales of fully electric cars and vans through the 2020s,
reaching almost 50% of all new sales by 2025 and 100% by 2030.

• This will need to be supported by the deployment of almost 280,000 public
charge points across the country by 2030.

• Trials of zero-emission HGVs to commence in the early 2020s, alongside
logistics and efficiency improvements for existing HGV fleets.

• Investment in high-quality public transport and active travel infrastructure,
to support a 6% reduction in demand for car travel by 2030 relative to
baseline forecasts.

Key surface transport indicators cover emissions intensity, new vehicle efficiency, 
electric vehicle (EV) take-up, biofuels and travel demand (Table 3.1). 

During the 2020s, we need to 
see rapid uptake of EVs, 
supported by widespread 
deployment of charging 
infrastructure. 

Government needs to invest in 
attractive alternatives to car 
travel, to reduce the use of 
high-carbon transport. 
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Latest Indicator Milestones in the CCC pathway 

Metric 
Year Annual 

change 
Value 2025 2030 2035 2050 Trend 

Intensity BEV car registrations 
(thousands) 

2020 +184% 108 1,290 2,750 2,960 3,360 

Market share (%) 2020 6.5% 48% 97% 100% 100% 

PHEV car registrations 
(thousands) 

2020 +92% 67 698 0 0 0 

Market share (%) 2020 4.1% 26% 0% 0% 0% 

Electric van registrations 
(thousands) 

2020 +64% 6 237 439 460 502 

Market share (%) 2020 2.0% 56% 99% 100% 100% 

New car CO2 emissions 
(gCO2/km) 

2020 -12% 113.0 51.4 3.3 0.0 0.0 

New van CO2 emissions 
(gCO2/km) 

2020 -2% 163.0 74.7 0.1 0.0 0.0 

HGV emissions intensity 
(gCO2/km) 

2020 -12% 592.0 537.0 450.0 246.0 8.1 

Biofuel uptake (% fuel 
sales by energy) 

2020 +16% 4.7% 4.2% 4.7% 6.3% 17.0% 

Demand Car-km per driver (km) 2020 -25% 10,000 12,500 12,300 12,100 11,100 

Car distance driven 
(billion kms) 

2020 -25% 351 441 453 466 483 

Van distance driven 
(billion kms) 

2020 -9% 84 92 99 107 122 

HGV distance driven 
(billion kms) 

2020 -6% 28 26 25 26 28 

Table 3.1 
Key metrics for surface transport in the CCC Pathway to meet the Sixth Carbon Budget 

Source: DfT, SMMT and HMRC (2021); CCC analysis 
Notes: 1. New car CO2 figures are calculated on an NEDC test-cycle basis, to enable comparison with previous years. 2. While indicators that are 
calculated using travel demand (car-km per driver, car distance driven, van distance driven and HGV distance driven) currently look on track to meet or 
ahead of CCC Pathway milestones, it is important to note that travel demand in 2020 was significantly lower compared to previous years as a result of 
COVID-19. 
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Sales of EVs and the deployment of supporting charging infrastructure have 
increased considerably in recent years. This will need to accelerate throughout the 
2020s. However, there are also concerning trends, notably the rapid growth in car 
and van travel during the past decade. 

• While total car sales fell 30% in 2020, sales of EVs more than doubled, to
175,000 vehicles or 10.6% of all new car sales (Figure 3.1). There has also 
been a shift towards battery-electric vehicles (BEVs) from plug-in hybrids 
(PHEVs) – BEVs now represent over 60% of EV sales, from around 50% in
2019.

– Manufacturers are increasingly scaling up their EV offerings. There are
now around 45 BEV car models on the market, with at least a further 3
expected over the remainder of 2021.

– Advancing EV technologies are lengthening driving ranges and 
cutting prices.21 Research shows that battery prices have fallen by 13%
from 2019 to 202022, and popular EV manufacturers23 have been
reducing prices in 2021. 

– Evidence24 suggests consumers are giving increasing consideration to
environmental issues as part of their purchasing decisions.

Figure 3.1 Number of UK new electric car sales 
and market share of total car sales 

Source: DfT (2021); CCC analysis 
Notes: Market share, shown on the right-hand axis, represents the combined sales of BEVs and PHEVs as a 
proportion of all new car sales in the given year. 
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EV sales rose to record levels 
during 2020. Manufacturers are 
increasingly scaling up their EV 
offerings. 
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• The UK’s public charge point network is expanding quickly (Figure 3.2), and
there are now 20,800 public EV charge points across the UK, up from 16,500
at the end of 2019.25  This provision is inconsistent across the country. On a
per-capita basis, charge points in England and Northern Ireland are lower 
than in Scotland and Wales. A disproportionate share of public charge
points in England are located in London and other urban areas in the South
East.

Figure 3.2 Total publicly accessible charging 
devices installed across the UK, and ratio of 
devices to the number of plug-in vehicles 

Source: DfT, OZEV and ZapMap (2021); CCC analysis. 
Notes: Includes all publicly accessible charge points across the UK at the end of October in the given year. The 
ratio, displayed on the right-hand axis, is over all plug-in vehicles operating at the end of Q3 in the given year. 

• Between 2007 and 2016, the average CO2 emissions of a new car
decreased by 27%. This trend reversed between 2017 and 2019, mainly due
to increasing sales of higher emitting SUVs. Efficiency improved again in 
2020 by 12%26, but this was almost entirely due to record sales of electric
vehicles (EVs). The high proportion of SUVs, representing one in four new car
sales, remains a concern.
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There are now over 20,000 
public EV chargers in the UK. 
Deployment needs to continue 
to accelerate to make 
charging readily available 
across all areas of the country. 

New car CO2 intensities have 
risen in recent years, driven by 
the high proportion of large 
SUVs purchased. 
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• Road transport demand has risen markedly over the past decade*, which
continued with a 2% increase in 2019 (Figure 3.3). The falling real cost of
driving, a large increase in van travel (due in part to the growth in online
shopping27) and slower growth in HGV demand are key contributors.

– Over the past decade, the average cost of driving has risen by less 
than average wages and the cost of living, whereas rail and bus fares
have increased more steeply.28 A recent study29 linked the freeze in
fuel duty since 2011 to a 4% increase in traffic levels, 60 million fewer
rail journeys, 200 million fewer bus journeys and 4.5 MtCO2 of emissions
in 2017.

– From 2021 to 2022, rail fares will increase by the Retail Price Index (RPI)
plus 1%, a 2.6% rise.30 In contrast, the long-haul rates of Air Passenger
Duty will increase in line with RPI and short-haul rates will not rise.31

Figure 3.3 Changes in travel demand by mode 
since 2010 

Source: DfT, ORR (2021); CCC analysis. 
Notes: The chart shows the percentage change in the number of kilometres travelled by each type of transport 
(total kilometres driven for cars, vans, HGVs, and cycles; total passenger-kilometres for buses and rail) in each year, 
compared to levels in 2010. The data labels show the absolute levels of demand for each mode in 2019. 

The Committee intends to continue tracking these key indicators of EV uptake, 
charging infrastructure deployment, vehicle efficiency and travel demand by 
mode, for the Sixth Carbon Budget pathway, in future progress reports. We will also 
explore opportunities to monitor other key enablers of the transition, including 
public attitudes to various modes of travel, the scaling-up of EV supply chains and 
the availability of safe, reliable and attractive alternatives to car travel. 

*  The reductions in travel demand seen in 2020 were due to the impacts of the COVID-19 pandemic, and not 
reflective of the underlying trends observed over recent years. 
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Demand for road transport has 
continually grown year-on-year 
in recent decades. This is partly 
due to the falling real-terms 
cost of driving. 
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b) Buildings (88 MtCO2e, 18% of UK emissions in 2019)

The path to Net Zero set out in our advice on the Sixth Carbon Budget sees 
substantial near-term growth in the deployment of energy efficiency measures and 
heat pumps as two of four priority areas over the next decade, alongside roll-out of 
low-carbon heat networks and hydrogen trials. We should not delay on heat 
pumps or low-carbon heat networks as viable solutions for most of the country – 
hydrogen can be part of the mix but has not yet been proven at scale and should 
not be a cause to delay other options.  

Despite this, progress in upgrading the building stock with the necessary measures 
over the last decade has been very poor. Underlying delivery rates continued to 
stagnate, with a small improvement in heat pump delivery rates driven by retrofit 
installations under the Renewable Heat Incentive (RHI) (Table 3.2).32  

Latest Indicator Milestones in the CCC pathway 

Metric 
Year Annual 

change 
Value 2025 2030 2035 2050 Trend 

Heat pump 
installations 
(thousand per year) 

2020 9% 36  415 1,075 1,435  1,525 

Lofts insulated 
(thousand per year) 2020 26% 32  710 675 200 0 

Cavity walls 
insulated (thousand 
per year) 

2020 -3% 40 215 175 55 0 

Solid walls insulated 
(thousand per year) 2020 -22% 10 255 245 45 0 

Substantial near-term growth is 
needed in the deployment of 
energy efficiency measures 
and heat pumps, but delivery 
rates have continued to 
stagnate. 

Table 3.2 
Key metrics for buildings in the CCC Pathway to meet the Sixth Carbon Budget 

Source: CCC analysis; BSRIA (2021) Heat pumps market analysis 2020: United Kingdom, BSRIA World Market Intelligence; BEIS (2021) Household Energy 
Efficiency Statistics: Headline Tables. 

Notes: Our scenarios deploy the majority of domestic energy efficiency measures in the 2020s, given the carbon, bill and health benefits, and the need to 
prepare the stock for widespread low-carbon heat uptake in the 2030s. For this reason, in-year energy efficiency deployment declines in later years 
relative to deployment levels in the coming decade. Out-turn data for heat pump installations may include some installations which serve multiple 
dwellings, slightly underestimating the number of homes heated by heat pumps relative to the milestones. 
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Insulation rates remain well below the peak market delivery achieved up to 2012 
(the point at which the Carbon Emissions Reduction Target and the Community 
Energy Saving Programme ended), which illustrate the growth potential where an 
effective policy package is in place (Figure 3.4). 

Figure 3.4 Home insulation rates by measure and 
year 
 

Source: DECC (2014) Data tables: Green Deal, ECO and Insulation Levels, up to March 2014, Green Deal, Energy 
Company Obligation (ECO) and Insulation Levels in Great Britain; BEIS (2021) Household Energy Efficiency Statistics: 
Headline Tables; CCC analysis. 
Notes: The CCC indicator shown represents the annualised rates of installation based on the Committee’s 2015 
advice on the Fifth Carbon Budget, which we judged to be a realistic and appropriate annualised installation rate 
at that time. 
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Annual heat pump installations in homes rose slightly from 33,000 in 2019 to 36,000 
in 2020, driven mainly by an increase in retrofit installations to just under 23,000. This 
remains significantly below the rates needed over the next few years, which 
require just over 400,000 heat pump installations per year by 2025, rising to just over 
900,000 per year by 2028 (Figure 3.5). These deployment rates remain a fraction of 
current annual boiler sales of around 1.8 million per year. Deployment in non-
domestic buildings also remains very limited, with installations (for systems <50 kW) 
currently running at less than 1000 per year.  

Figure 3.5 Current heat pump installation rates in 
homes set against the CCC’s Balanced Pathway   
 

 

Source: CCC analysis; BSRIA (2021) Heat pumps market analysis 2020: United Kingdom, BSRIA World Market 
Intelligence. 

 
We are developing a new indicator framework over the coming year, consistent 
with the path to Net Zero and the Sixth Carbon Budget: 

• We will continue to monitor key areas including heat pump sales and 
insulation installations alongside biomethane injection. There is substantial 
scope for publicly available statistics here to be improved to consolidate 
data on the quantity and nature of UK heat pump and insulation 
installations, including those outside of government schemes. 

• In two key areas there are no annual public statistics: on low-carbon heat 
networks and on insulation rates in public and commercial buildings. 
Government should prioritise annual reporting on total heat delivered 
through heat networks, split by heating technology. We will set out our 
indicators for public and commercial buildings next year.  

• We will also be considering what new indicators may be appropriate, for 
instance on consumer attitudes, building performance, measures to 
address overheating and ventilation, building level flexibility, supply chain 
development and skills. 
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We will be developing a new 
indicator framework over the 
coming year. There is a need 
for public statistics to evolve to 
better support monitoring of 
the low-carbon transition. 
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• Finally, we will put in place a set of policy milestones which factor in
Government ambition in the forthcoming Heat and Buildings Strategy, Net
Zero Strategy, Hydrogen Strategy, buildings regulations and heat networks
policy developments, along with the key phase-out dates from the Sixth 
Carbon Budget.

c) Manufacturing and construction
(65 MtCO2e, 13% of UK emissions in 2019)

The path to Net Zero set out in our advice on the Sixth Carbon Budget sees 
emissions from manufacturing and construction reduce by 43% by 2030 and 71% 
by 2035 from 2018 levels, through improved resource and energy efficiency, 
material substitution, fuel switching and CCS, as set out in Table 3.3 and Figure 3.6. 
In addition, supply chains scale up at pace in the pathway, more workers acquire 
skills to implement low-carbon measures, and the availability of finance increases. 
The Government’s Industrial Decarbonisation Strategy set out a similar pathway, 
with slightly lower ambition due to lower levels of electrification (see Chapter 4). 

Latest indicator Milestones in the CCC pathway 

 Metric Year Annual 
change Value 2025 2030 2035 2050 Trend 

Efficiency 
Increase in 
longevity of 
electronics vs 2019 

2019 - 0% 30% 80% 120% 120% 

Electrification, 
hydrogen and 

carbon capture 
and storage 

Manufacturing 
energy use from 
electricity or 
hydrogen 

2019 +2% points
(+8%) 27% 27% 37% 52% 76% 

CCS 
in manufacturing 
(MtCO2) 

2020 - 0 0.2 2 6 9 

The recommended pathway 
set out in our advice on the 
Sixth Carbon Budget sees 
emissions from manufacturing 
and construction reduce by 
43% by 2030 and 71% by 2035 
from 2018 levels. 

Table 3.3 
Key metrics for manufacturing and construction in the CCC Pathway to meet the Sixth Carbon Budget 

 Source: CCC analysis; BEIS (2020) Digest of UK Energy Statistics (DUKES) 2020 
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Figure 3.6 Source of abatement in the CCC  
Pathway for the manufacturing and construction  
sector 

 

Source: CCC analysis, BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019. 
Notes: The abatement from BECCS in this graph does not include the carbon captured, which is accounted for in 
the removals subsection of Chapter 3. 

 
Tracking progress against our pathway for manufacturing and construction is 
currently challenging because of a lack of data, which in some cases is because 
the technologies or approaches are still at an early stage of deployment.  

The limited current data indicate that energy efficiency in manufacturing may 
have improved, and there are examples of early developments with fuel switching 
and CCS. 

• The energy intensity of manufacturing output fell from 1,120 GWh/£bnGVA 
in 2010 to 837 GWh/£bnGVA in 2018 and further to 747 GWh/£bnGVA in 
2019. However, this partly reflects shifts of GVA from more-energy-intensive 
subsectors to less-energy-intensive subsectors rather than energy efficiency 
improvements. At a subsector level (Figure 3.7), energy intensity of 
manufacturing output has fallen in the 2010-19 period in seven subsectors 
but risen in four. Within these sectors, this could still reflect shifts from higher-
energy-intensity operations to lower-energy-intensity operations, rather than 
energy efficiency – the available data are not clear.  

• However, Government estimate that existing energy efficiency policies33 in 
industry have led to abatement of at least 1.1 MtCO2e in 2019, up from 
0.9 MtCO2e in 2018, according to BEIS Energy and Emissions Projections.34 
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The limited current data 
indicate that energy efficiency 
in manufacturing may have 
improved and there are 
examples of early 
developments with fuel 
switching and CCS. 
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• The UK’s household recycling rate has plateaued at 44% from 2012 to 2018, 
indicating that progress on this aspect of resource efficiency has stalled. It 
will be important for recycling rates to rise to at least 68% by 2030, together 
with actions to reduce material inputs and increase product longevity, 
reuse and sharing in order for resource efficiency to contribute fully to 
achieving the emissions reductions necessary for the Sixth Carbon Budget. 

• The carbon intensity of energy use in manufacturing has fallen more slowly 
than energy intensity, from 155 gCO2e/kWh in 2010 to 129 g/kWh in 2018, 
with no change between 2018 and 2019. The long-term reduction is a result 
of falling shares from coal and petroleum products, and rising relative 
contributions from natural gas, bioenergy and waste, and electricity. At a 
subsector level (Figure 3.7), the emissions intensity of energy in 
manufacturing has fallen in the 2010-19 period in six subsectors (including 
paper and pulp, mineral products, and textiles), but risen in five (including 
non-ferrous metals, construction and mechanical engineering). 

• Fuel-switching pilots, such as a commercial-scale biodiesel trial for glass 
manufacturing, have begun under the Government’s Industrial Fuel 
Switching competition, with the intention of assessing the merits of different 
low-carbon fuels. CCS pilots are supported under the Carbon Capture and 
Utilisation Demonstration competition. Some (low) levels of fuel switching for 
heating in manufacturing have also been supported by the Renewable 
Heat Incentive, which Government estimate to have contributed 1.9 
MtCO2e of emissions abatement in 2019, up from 1.7 MtCO2e in 2018.35 This 
abatement is largely due to uptake of bioenergy supported by the 
Renewable Heat Incentive.36 

• The Renewable Transport Fuels Obligation incentivises fuel suppliers for 
transport and off-road mobile machinery to provide a certain level of 
biofuels – currently set at 9.75% in 2020 and increasing to 12.4% by 2032.  

The Committee will develop an indicator framework based on available data for 
the manufacturing and construction sector and will monitor progress against this 
framework beginning with next year’s Progress Report. The Government should 
seek to improve collection and reporting of relevant data to allow for progress to 
be monitored more effectively.  
  

We will develop an indicator 
framework for the M&C sector 
and will monitor progress 
against this framework 
beginning with next year’s 
Progress Report. 
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Figure 3.7 Energy intensity of GVA and direct 
emissions intensity of energy in manufacturing 
and construction: 2010 - 2019 

 
 

 

 

Source: DUKES, ONS - GDP low-level aggregates; CCC Analysis 
Notes: Unclassified and Other Industry are not shown. In the lower plot, only direct emissions are considered, i.e. not 
including emissions from electricity production or upstream fuel production. 
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d) Agriculture and LULUCF (52 MtCO2e, 10% of UK emissions in 2020)

The path to meeting the Sixth Carbon Budget and the Net Zero target in 2050 
requires a reduction in agricultural emissions of around 30% from 2019 to 2035, and 
a reversal of the land use sector from a net source currently to a net sink by the 
mid-2030s. Delivery will require substantial action over the coming years: 

• A high take-up of farming practices and technologies to reduce non-CO2

emissions from managing soils and livestock, and a switch away from fossil
fuel use in agricultural machinery to low-carbon alternatives such as
electricity.

• Sustainable improvements in agricultural productivity to deliver higher crop
yields and increased livestock stocking rates on grassland.

• A significant release of land out of agricultural production (9% by 2035) to
enable an acceleration in the planting of trees, hedges, energy crops and
the restoration of degraded peatland, all of which can be achieved while
delivering other essential functions of land, including maintaining food
production and adapting to climate impacts. Other measures include
sustainable management of existing broadleaf woodlands and lowland
agricultural peat.

• A significant shift in behaviours by 2030, with 20% less meat and dairy
consumed on average, and the volume of food waste falling by half.

Key land-based indicators cover agricultural and land use emissions, agricultural 
productivity, societal behaviour change, and land use change (Table 3.4) 

Reaching the Sixth Carbon 
Budget will mean taking action 
to reduce emissions on farms, 
removing emissions from the 
atmosphere using natural land 
sinks, shifting to lower-carbon 
diets and reducing food waste.  
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Latest Indicator Milestones in the CCC pathway 

Metric 
Year Annual 

change 
Value 2025 2030 2035 2050 Trend 

Agriculture 
and land 
use - GHG 
emissions 

Agriculture 
(MtCO2e) 

2019 +1% 55.4 48.6 41.5 39.3 34.9 

Land use, forestry and peat 
sector1 (MtCO2e) 

2019 +3% 12.9 10.4 6.5 0.9 -19

Agricultural 
practices 

Crop yields (wheat t/ha), 
equivalent increases for 

other crops 

Average 
2017-19 

0  8.2  8.6  9.1  9.5  11.0 

Livestock numbers2 (million) 2019 -1%  48  46  41  39  35 

Demand 
reduction 

Weekly meat consumption3 
(g/person) 

(includes fresh and 
processed meat) 

2020 0 1,045 950 840 800 680 

Food waste (edible) 
(million tonnes) 

2018 -  8.0  6.5  5.3  5.2  4.7 

Land use Afforestation 
(000 hectares/year) 

2019 / 
2020 

+1% 13.7 30 30 50 50 

Energy crops 
(000 hectares/year)4 

2018 0 10 6 27 30 30 

Peat area restored (000 
hectares/year)5 

2020 - 8.5 67 67 67 9 

Active broadleaf woodland 
management (%) 

2020 0 20% 40% 80% 80% 80% 

Underlying progress to meet our ambition remains short in most of these areas: 

• Releasing land out of agriculture requires an improvement in agricultural
productivity. Cereal crop yields have largely plateaued in the last two
decades, but better agronomic practices coupled with advances in crop
breeding are required to deliver sustainable yield increases. Increasing the
utilisation of grassland area by grazing livestock from around 50% currently
could allow for increases in stocking rates without impacting feed
requirements (quantity and quality), thereby allowing some grassland area
to switch to other uses.

Table 3.4 
Key metrics for agriculture and LULUCF in the CCC Pathway to meet the Sixth Carbon Budget 

Source: CCC analysis 
Notes: 1. Land use net GHG emissions for 2019 is based on the high forestry peat estimate; 2. Covers cattle, sheep and pigs; 3. Per person. 2020 value is an 
estimate based on the average of the two previous years; 4. 2018 value is total area of SRC and miscanthus in England only; 5. Restoration in 2020 funded 
by the National Peatlands Action Programme, 2020 (Wales), the £10m Peat Capital Grant Scheme, 2019/20 (England) and Scottish Government funding, 
2020. 

Underlying progress to reduce 
emissions from agriculture and 
land is currently falling behind. 
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• Current rates of UK afforestation of over 13,000 hectares/year in 2018/19 
and 2019/20 remain well below the level required to meet the 
Government’s commitment (as set out in the England Tree Strategy 
consultation (2020)), which matches the Sixth Carbon Budget 
recommendation of 30,000 hectares/year in 2025 (Figure 3.8).  

• Peat restoration has been focused on the uplands to date, but meeting the 
Sixth Carbon Budget pathway will require both an acceleration in the levels 
of upland restoration to 50,000 hectares/year, and extending activity to 
lowland peat, which can emit ten times more emissions per hectare 
compared to the uplands. Options to sustainably manage the area of 
lowland peat that remains in agricultural production need to be 
developed. 

• The area planted with perennial energy crops (miscanthus and short 
rotation coppice) totals 10,000 hectares (England only),37 which has fallen 
by over a quarter since 2008. The planting of short rotation forestry for 
bioenergy is non-existent. Combined annual planting rates of all three 
biomass types need to ramp up to over 25,000 hectares by 2030. 

• Take-up of on-farm practices to reduce soil, livestock and waste emissions 
needs to increase significantly; emissions in agriculture have remained flat 
for the last ten years. Agricultural survey data reveal more farmers are 
considering emissions when making decisions on land, with 64% reporting 
that it was 'very' or 'fairly' important in 2020,38  increasing from the 49% 
surveyed in 2017. The same survey found that 66% of farmers were taking 
actions to reduce emissions, up from 56% in 2017. 

• Decarbonising agricultural vehicles will require the market 
commercialisation of low-carbon solutions beyond the current use of 
biofuels, including electrification of large machinery (e.g. tractors), which is 
still at the proto-type stage. 

• Official data show that consumption of meat and meat products rose 3% 
between 2015/16 and 2018/19.39  There has been a reduction in fresh meat 
products, but this is more than offset by a rise in processed meat. More 
recent survey data suggests an increased willingness to eat less meat in the 
future, with 65% of over 2,000 people surveyed stating that more 
knowledge on how to plan and cook less meat dishes would help them to 
cut back.40 

• Reducing food waste is resource efficient and could free up agricultural 
land for natural sequestration options. The Waste Reduction Action 
Programme (WRAP) announced last year that the UK was halfway to 
achieving the UN’s Sustainable Development Goal 12.3 to cut post-farm 
gate food waste in half by 2030. As of September 2020, around 260 
organisations, including 16 retailers and 162 producers/manufacturers had 
signed up to the Road Map.  

The measures outlined above to meet the Sixth Carbon Budget pathway will 
deliver wider benefits to the natural environment critical to all other economic 
activity and human well-being. These include flood protection, improved air 
quality, health and recreation benefits of woodlands, water regulating services as 
well as improving the natural environment’s ability to adapt to climate impacts.  
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Figure 3.8 UK Afforestation rates (1971-2020) 

 

Source: Forestry Commission, Natural Resources Wales, Forest Service and Forestry Commission statistics. 
Notes: Planting year ends end March. Data not available for Northern Ireland from 1971-1975. 

 
To allow the Committee to track progress against the Sixth Carbon Budget 
Pathway, we will be developing a comprehensive indicator framework for the 
agriculture and land use sectors to be included in next year’s Progress Report. Key 
indicators that we will be developing include: agricultural emissions by source (e.g. 
soils, enteric fermentation) and GHG type; take-up of particular low-carbon 
farming practices and measures; planting rates of trees on-farm; peat restoration 
by type (e.g. lowland, upland and forestry); attitudes to diet change and reducing 
food waste; and the impact of non-financial barriers to changes in land.  
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are well below where they 
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UK tree planting in the last five 
years has happened in 
Scotland. 
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e) Electricity supply (52 MtCO2e, 10% of UK emissions in 2019)

Electricity generation should be fully decarbonised by 2035, while meeting a 50% 
increase in annual demand. This will require large-scale deployment of new low-
carbon generating capacity that is resilient to a changing climate, phasing out 
unabated gas-fired generation, action on contracting models and on planning 
and consenting regimes, as well as ensuring networks are ready to accommodate 
new demands and generation (Figure 3.9).  

Figure 3.9 Timeline of key outcomes and policy requirements for 
electricity generation under the CCC Pathway (2020-50) 

Source: CCC (2020) Policies for the Sixth Carbon Budget and Net Zero. 
Notes: Renewables share includes wind and solar. Dispatchable low-carbon generation includes gas CCS, BECCS, and hydrogen plants. Demand is 
lower than generation, accounting for losses, flexibility services, and interconnection. 

Power sector emissions fell by 15% in 2020, in line with the average rate over the 
preceding five years. That reflects an increase in the capacity and utilisation of 
low-carbon generation, together with lower demand due to the COVID-19 
pandemic that reduced required fossil generation (Table 3.5): 

• Installed capacity of variable renewables increased in 2020 by 0.8 GW. This
is a much slower rate than the average of 3.8 GW achieved over the
previous 5 years, although the slowdown is likely to be temporary.

– Half of the increase in capacity was offshore wind increasing to
10.4 GW of operational capacity. The 0.4 GW increase compares to a
minimum growth of 4 GW required per year from the mid-2020s
onwards in order to meet the Government’s target for 40 GW installed
capacity in 2030.

– This slowdown is likely to be temporary, given the pipeline of new 
offshore wind projects underway:

• Offshore wind capacity under construction increased by 60% in
2020 to 7.2 GW, with a further 2.6 GW having secured Government
contracts.
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• 20 GW of capacity is in development and/or pre-planning.

• In February 2021 the Crown Estate auctioned seabed leases for an
additional 8 GW of capacity.

• Low-carbon generation increased by 5% in 2020 compared to 2019, against
a backdrop of lower overall demand due to COVID-19 restrictions.

– The majority of that increase was accounted for by offshore wind
generation, which rose by 26% due to particularly windy conditions
early in the year.

– As a result, low-carbon generation increased to 62% of total electricity
generation in 2020, up from 57% in 2019. The share of variable
renewables in total generation increased from 26% to 31%.

• Fossil generation decreased by 17% in 2020, the largest annual percentage
fall in the last 20 years. The reduction was primarily in gas-fired generation, 
but coal use also continued to decline.

– Unabated gas generation fell by 17%, as it was squeezed out by a
combination of increased renewables output and lower overall 
demand. As a result, unabated gas comprised 36% of the overall 
generation mix. This needs to continue to fall, to zero by the mid-2030s,
in order to meet the Sixth Carbon Budget.

– Coal generation fell by 21% in 2020, as further coal plants were closed
at Aberthaw and Fiddlers Ferry. This meant coal-fired generation only
comprised 2% of total generation in 2020, continuing the long-term
decline towards the Government’s target of phasing out coal use in
the power sector by 2024.

• Grid intensity. The combination of lower demand, increased renewables
output, and reduced fossil generation meant the carbon intensity of
electricity fell by 10% in 2020 to 182 gCO2/kWh. This needs to continue to fall
substantially over the 2020s, to less than 50 gCO2/kWh in 2030 and around 
10 gCO2/kWh in 2035.*

*  Our recommendation is for a fully decarbonised electricity generation sector by 2035. That is consistent with a small 
positive emissions intensity, which reflects some residual emissions (e.g. from gas CCS) and that negative emissions
from use of bioenergy with carbon capture and storage (BECCS) are accounted for separately. 

Low-carbon generation 
increased 5% in 2020. Offshore 
wind generation increased by 
26% due to particularly windy 
conditions early in the year. 

Fossil generation fell by 17% in 
2020, as unabated gas was 
squeezed out by higher 
renewables output, lower 
demand, and the continued 
decline of coal. 

Emissions intensity fell 10% in 
2020, reflecting lower demand, 
higher renewables output and 
reduced fossil generation. 
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Latest Indicator Milestones in the CCC pathway 

Metric Year Annual 
change 

Value 2025 2030 2035 2050 Trend 

Grid intensity 
(gCO2/kWh) 2020 -20 182 125 45 10 2 

Offshore wind capacity 
(GW) 2020 +0.4 GW 10.4 25 40 50 95 

Variable renewable 
generation (%) * 2020 +5% points 31% 45% 55% 70% 80% 

Dispatchable low-
carbon generation 
(%)** 

2020 0 0 0 10% 15% 10% 

Unabated gas 
generation (%) 

2020 -5% points 36% 30% 10% 0 0 

We will continue to track these milestones over the coming year, while developing 
additional indicators for assessing the use of flexibility on the demand-side (e.g. 
through heat pumps and electric vehicles). 

f) Aviation (40 MtCO2e, 8% of UK emissions in 2019)

While aviation emissions fell significantly in 2020 this reduction was not driven by 
underlying progress in decarbonising the sector but rather was a result of the 
pandemic and associated restrictions.  

While there is still uncertainty around the size of the sector that will emerge post-
pandemic (see Chapter 2), passenger demand is expected to increase again 
after travel restrictions are eased, potentially recovering to close to pre-pandemic 
levels by the mid-2020s. Action to accelerate efficiency improvements and some 
demand management will therefore be needed to drive emissions gradually down 
to 2035: 

• The pathway used to determine the Sixth Carbon Budget includes an
increase in aviation emissions out to 2024 as travel restrictions are eased.
Emissions reduce gradually thereafter due to efficiency improvements,
demand management and a modest contribution from sustainable
aviation fuels (SAF) starting in the mid-2020s. Emissions fall by 16% and 23%
to 2030 and 2035 respectively, from 2019 levels.

• Efficiency, as measured by fuel consumption per passenger-kilometre,
improved by 1.5% between 2018 and 2019, following on from an average
annual improvement of 2.1% between 2008 and 2018. Progress will need to
continue at pace to meet the Sixth Carbon Budget – in our pathway fuel

Table 3.5 
Key metrics for electricity supply in the CCC Pathway to meet the Sixth Carbon Budget 

Source: CCC analysis based on BEIS (2021) Energy Trends. 
Notes: *Wind and solar generation. **Includes gas with carbon capture and storage, hydrogen and bioenergy with carbon capture and storage. 

Air passenger demand saw 
annual growth of around 1.5% 
per year before 2020. The size 
of the sector that will emerge 
post-pandemic is uncertain. 

Improvements in flight 
efficiency must be sustained to 
meet the Sixth Carbon Budget. 
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efficiency improves by 1.7% each year between 2020 and 2050, reaching 
0.25 kWh/passenger-km by 2050, from 0.44 kWh/passenger-km in 2019.  

• Demand, as measured by plane-km flown per person, increased by 1.9% 
between 2018 and 2019, following on from an average annual increase of
1.5% between 2008 and 2018. The pandemic and related restriction led to
a major reduction in demand in 2020. Our pathway assumes some
recovery in demand over the first half of the 2020s, to close to pre-
pandemic levels, and assumes a modest increase in plane-km per person
thereafter (0.3% each year). This growth is considerably less than a ‘business
as usual’ baseline, though clearly what happens next is highly uncertain.
Some moderation of demand growth is likely to be required to meet the
legislated emissions targets, as pre-pandemic trends in demand growth
exceed what we expect can be accommodated in a Net Zero world.

Latest indicator Milestones in the CCC pathway 

Metric Year Annual 
change Value 2025 2030 2035 2050 Trend 

Demand Passenger-km per person 2019 +2.0% 5,400 5,500 5,500 5,700 6,800 

Efficiency 
and hybrids 

Fuel consumption 
(kWh of fuel used per 
passenger-km) 

2019 -1.5% 0.41 0.39 0.36 0.33 0.25 

Electric-hybrids (% of km 
flown) 2020 - - - - - 9 

Sustainable 
aviation 

fuels 
SAF fuel share (%) 2020 - - 0.1 2 8 25 

Table 3.6 
Key metrics for aviation in the CCC Pathway to meet the Sixth Carbon Budget 

Source: CCC analysis and Department for Transport analysis of Civil Aviation Authority passenger-km data. 
Notes: the demand milestone corresponds to passenger-km from departing flights only, which is the convention when measuring aviation demand. This 
differs to the aviation demand milestones reported in the Sixth Carbon Budget report (Table 2, p27 of the main report), which relate to both departing 
and arriving flights; CO2 emissions are from fossil fuel sources only. Fuel efficiency improvements also differ to those cited in the Sixth Carbon Budget (Table 
8.1, p261 of the methodology report) as they are based on fuel consumption per passenger-km, and Sixth Carbon Budget figures are based on 
CO2/passenger. 
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g) Fuel supply (37 MtCO2e, 7% of UK emissions in 2019)

The fuel supply sector covers fossil fuel*, hydrogen, and bioenergy supply. While 
new emissions could arise from the production of low-carbon hydrogen in the 
future, current emissions in the sector come from fossil fuel supply only. In future, we 
will include in this sector any emissions associated with hydrogen production for use 
as a fuel in the energy end-use sectors (but not hydrogen produced for other uses, 
such as fertiliser production).  

Emissions associated with hydrogen and bioenergy are currently accounted for in 
other sectors of the UK inventory and other sections of this chapter.  

• Section d) of this chapter covers emissions associated with the cultivation 
of energy crops and UK forestry.

• Section c) accounts for emissions from current UK high-carbon hydrogen
and ammonia production (e.g. for use in industry and agriculture) as well as
bioenergy conversion.

• Sections a) f) and i) include emissions from transporting fuels and biomass
by land, air and sea.

Latest Indicator Milestones in the CCC pathway 

Year Annual 
change 

Value 2025 2030 2035 2050 Trend 

Hydrogen Low-carbon hydrogen 
production (TWh) 2020 - - 1 30 105 225 

Fossil fuel 
production 

Demand for unabated 
oil and gas (TWh) 2019 -1% 1750 1500 1050 665 110 

Fall in emissions from 
2018 levels - fossil fuel 

supply (%)1 
2019 1% point 

fall 
-1% -22% -54% -77% -97%

Fall in emissions from 
2018 levels - oil and 
gas production and 

processing (%)2 

2019 
1% point 
increase +1% -28% -68% -87% -98%

*  Fossil fuel supply covers oil refining, oil and gas production, oil and gas processing terminals, gas transmission and
distribution networks and open and closed coal mines. 

Fossil fuel supply is currently the 
only source of emissions in fuel 
supply. 

Table 3.7 
Key metrics for fuel supply in the CCC Pathway to meet the Sixth Carbon Budget 

Source: CCC analysis; BEIS (2020) 2020 UK Greenhouse Gas Emissions, Provisional Figures; BEIS (2020) Digest of UK Energy Statistics (DUKES) 
Notes: All figures in TWh have been rounded to the nearest 5. 1. Abatement from fossil fuel supply is relative to 2018 levels. This category refers to emissions 
associated with oil refining, oil and gas production, oil and gas production terminals (including compression stations and LNG terminals), gas distribution 
networks, and open and closed coal. 2. Abatement from offshore oil and gas production is relative to 2018 levels. This category comprises emissions from 
oil and gas platforms and terminals in line with the scope of the North Sea Transition Deal.  
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There have been limited emissions reductions resulting from active efforts to 
decarbonise the sector. Emissions will need to fall sharply across the sector to align 
to our Sixth Carbon Budget advice, in which emissions reduce by around 75% by 
2035.  

• Coal production. The use of coal across the economy has decreased 
notably due to reduced demand associated with the phase out of coal in 
electricity supply. In addition, the closure of the last deep coal mine in 
2016, and recent closures of surface mines in England have contributed to 
reducing emissions from 22 MtCO2e in 1990 to less than 1 MtCO2e in 2020. 
Around 75% of remaining emissions can be attributed to the leakage of 
methane from closed coal mines.   

• Electrification and reduced methane flaring and venting in oil and gas 
production is limited. There will need to be a rapid ramp up to achieve the 
required 68% emissions reductions from oil and gas production by 2030 
underlying the path to the Sixth Carbon Budget (Table 3.7).  

• Methane leakage has reduced due to the Iron Mains Risk Reduction 
Programme, which has contributed to reducing emissions. However, it is 
unclear whether this policy alone is sufficient to achieve the additional 2.3 
MtCO2e of abatement required in our analysis by 2030, particularly in the 
context of possible network decommissioning due to reduced use of 
natural gas.  

• Carbon capture and storage can be used in refineries to reduce emissions 
in the sector, especially in clusters around other manufacturing and power 
generation sites (see section c)). Our scenarios for the Sixth Carbon Budget 
advice included use of CCS to reduce emissions by 1.3 MtCO2e in 2030. This 
will require wider deployment of CCS infrastructure to support 
decarbonisation of industry and electricity generation as well as 
contributing to Net Zero through hydrogen production and greenhouse gas 
removals. 

The Committee will develop a new set of indicators to track progress in fuel supply 
in next year’s Progress Report, potentially including indicators on the early-stage 
developments in hydrogen production, the emissions intensity of oil and gas 
production, private sector plans/commitments, and the monitoring of methane 
leakage from gas networks.  

Government should seek to improve collection and reporting of relevant data to 
allow for progress to be monitored more effectively. 

h) Waste (25 MtCO2e, 5% of UK emissions in 2019) 

The path to Net Zero set out in our Sixth Carbon Budget advice sees emissions in 
the waste sector reduce by 78% compared to today’s levels by 2050.  
 
To get on track, urgent action is needed to reduce methane emissions from landfill, 
alongside improvements to recycling and resource efficiency, with minimisation of 
the quantity of waste going to Energy from Waste (EfW) and the emissions from 
those plants: 

There have not yet been strong 
efforts to decarbonise fossil fuel 
supply 

Emissions reductions in fossil fuel 
supply will need to increase 
rapidly to align to UK targets 

To align to our recommended 
Net Zero pathway urgent 
action is needed to address 
emissions from landfill and 
Energy from Waste plants, 
primarily through improvements 
to recycling and waste 
prevention. 
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• The UK’s combined recycling rate* needs to increase from 52% to at least
59% by 2025 (45% to 50% for household waste), from which point key bio-
degradable waste streams should be banned from going to landfill.

• Energy from Waste (EfW) emissions, which have been rising rapidly, need to
be constrained at approximately today’s levels through increased waste
prevention, re-use and recycling, and policy to enable EfW plants to be
fitted with CCS from the late 2020s.

• Methane capture rates need to increase from 55% to 80% by 2050 to
address fugitive emissions from landfill, while further actions are needed to
reduce methane emissions from composting and wastewater treatment.

Latest Indicator Milestones in the CCC pathway 

Year Annual 
change 

Value 2025 2030 2035 2050 Trend 

Resource 
Efficiency 

Residual waste per 
capita (kg/yr) 

2018 +2% 490 400 310 280 300 

Recycling Combined (Household + 
C&I) Recycling Rate for 
UK (%)1 

2018 +1% point 52 59 68 68 68 

Household Recycling 
Rate for UK (%) 2018 -0.5%

point  45 50  56 56 56 

Landfill Biodegradable Waste 
Sent to Landfill in UK 
(Million tonnes) 

2018 -3% 7.2 1.2 0.9 0.9 0 

Landfill Methane 
Capture Rate (%)2 2019 -1% point 55 60 64 68 80 

Energy 
from 
Waste 

Energy from Waste 
Emissions (MtCO2e) 2019 +12% 5.5 6.5 5.0 5.1 0.4 

*  The CCC Pathway for Waste uses a ‘Combined’ Recycling Rate for the UK, comprised of Household (approximately
equivalent to Waste from Household statistics) and C&I (municipal and non-municipal). 

Table 3.8 
Key metrics for waste in the CCC Pathway to meet the Sixth Carbon Budget 

Source: Milestones: CCC analysis, Methane Capture Rates: NAEI UK GHG Inventory 2019, Household Recycling Rate and Biogenic Municipal Waste to 
Landfill: DEFRA UK Waste Statistics Publication 2018 
Notes: 1. There are inconsistencies in the way waste arisings and recycling data are reported across the UK, and significant data gaps remain – most 
notably around the availability of recycling data for Commercial and Industrial waste (C&I). Our Balanced Pathway for Waste uses a ‘Combined’ 
Recycling Rate for the UK, comprised of Household (approximately equivalent to Waste from Household statistics) and C&I (municipal and non-
municipal). The C&I portion of this indicator and associated milestones are based on assumptions of C&I recycling rates. 2. Currently DEFRA only publishes 
statistics on municipal biodegradable waste to landfill, which is a reasonable proxy for overall biodegradable waste to landfill.  

We understand DEFRA is in the process of developing new waste and recycling indicators and statistics, including for municipal and C&I recycling, and 
biodegradable waste to landfill, which we will seek to reflect in future iterations of this indicator framework. 

2234  



129 Climate Change Committee 

Progress in reducing emissions from waste at a UK level has stalled in recent years 
as reductions in landfilling of biodegradable municipal waste and improvements to 
recycling rates have slowed, and landfill methane capture rates have declined. 

• The amount of biodegradable municipal waste being sent to landfill in 2019
was around 80% lower than 1995 levels but has plateaued at between 7-8
million tonnes a year since 2015 (Figure 3.10)

• Following rapid improvements through the 2000s* UK recycling rates have
remained at around 44% since 2012 and the EU-derived target of achieving
50% recycling by 2020 looks almost certain to have been missed.

• Landfill methane capture rates peaked at over 74% in 2016 but have since
declined to 55%.

• Wales continues to outperform the rest of the UK in terms of recycling, with
a ‘waste from households’† rate of well over 50%, and a municipal 
recycling rate of 65% in 2019 (Figure 3.11).

Meanwhile, recent years have seen sharp increases in emissions from EfW which 
has become an increasingly popular waste treatment solution for Local 
Authorities.41  

• In 2019, the latest year for which emissions data is available, emissions from 
EfW increased by over 10% on 2018, putting it on course to overtake
emissions from coal power in 2020.

• If EfW usage continues to rise unchecked, then its emissions will exceed the
CCC pathway while potentially undermining recycling and re-use efforts.

We are in the process of developing our indicator framework for the waste sector 
with a view to reporting on this from 2022. This will seek to provide better alignment 
to UK waste reporting statistics, greater granularity at a devolved administration 
level and improved coverage of resource efficiency. 

*  England’s Local Authority Combined Recycling Rate increased from 12% in 2000 to 40% in 2020. 
†  ‘Waste from Households (WfH)’ is the agreed harmonised UK measure that was previously used to report household 

recycling to comply with the Waste Framework Directive (2008/98/EC). Under this Directive the UK was required to 
meet a target to recycle 50% of household waste by 2020. 

Progress in reducing emissions 
from landfill and in improving 
recycling have stalled in recent 
years, while emissions from 
Energy from Waste plants have 
risen sharply. 
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Figure 3.10 UK emissions from Landfill and 
tonnages of Biodegradable Waste to Landfill 

Source: Defra (2018) UK Statistics on Waste; BEIS (2021) Provisional UK greenhouse gas emissions national statistics 
2020. 
Notes: ‘CCC pathway’ is the Balanced Net Zero Pathway published in our December 2020 advice on the Sixth 
Carbon Budget. Emissions in this chart are adjusted for future changes to the Global Warming Potentials (GWPs) of 
non-CO2 greenhouse gases. 
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Figure 3.11 Waste from Household Recycling Rates
across the UK 

Source: Defra (2020) UK Statistics on Waste (2018). 
Notes: UK (CB6) is the ‘Balanced’ pathway for household recycling rates set out in our Sixth Carbon Budget Report. 

Box 3.3 
Welsh Progress on Recycling and Resource Efficiency 

Wales continues to lead by example on waste prevention, re-use and recycling, driven by 
ambitious targets, continued investment in infrastructure and services, and a holistic 
approach to resource efficiency policy. 

• 2019 again saw improvements in recycling, with municipal recycling rates up to
65% from 63% in the previous year – one of the highest recycling rates in the
world.

• Key measures to boost recycling have included the setting of statutory Local
Authority recycling targets, over £1 billion of investment in recycling services and
the provision of separate food waste collections.

• By 2025, Wales has set ambitious targets to reach a 70% recycling rate, and send
zero waste to landfill, alongside a 50% reduction in avoidable food waste arisings.

• In March 2021, the Welsh Government published ‘Beyond Recycling’ – its
updated circular economy strategy. This includes a commitment to become
zero-waste by 2050 and to make resource efficiency part of Welsh culture.

• The Welsh Government has provided funding and set out robust policy measures
to follow through on their commitments, including through an £80m Circular
Economy Fund, requirements for non-domestic recycling and Extended Producer
Responsibility.

• The Strategy demonstrates an understanding of the need to take a systems
approach to resource efficiency, including measures to prevent recyclable
materials being diverted to Energy from Waste, efforts to tackle all unnecessary
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Welsh progress on recycling 
and resource efficiency is an 
example to the rest of the UK. 
Statuatory requirements and 
sustained investment have 
been key factors to its success 
to date. 
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single-use items (as opposed to just plastics) and consideration of a technical 
standard for embodied carbon in buildings. 

If the activities and commitments set out in the ‘Beyond Recycling’ strategy are 
successfully delivered, they would significantly reduce Wales’ emissions from waste. The 
UK Government and other Devolved Administrations should seek to replicate the strong 
progress made by the Welsh Government in this area, including by learning from the 
Welsh approach. 

Source: Welsh Government (2021) Beyond recycling. 

i) Shipping (14 MtCO2e, 3% of UK emissions in 2019)

Within the path to Net Zero set out in our Sixth Carbon Budget advice, over 80% of 
shipping abatement is due to the transition to low-carbon fuels, such as ammonia 
(Table 3.9). This will require important enabling actions over the coming years: 

• While uptake of these fuels in volume is not expected until the 2030s,
investment and research and development should ramp-up during the
2020s to showcase proof-of-concept and develop an early market.

• Global shipping emissions have risen by 7% over the decade to 2019. The
UK should lead in working with the International Maritime Organisation
(IMO) and other willing partners to strengthen international targets and
policy mechanisms to meet them.

Latest Indicator Milestones in the CCC pathway 

Year Annual 
change 

Value 2025 2030 2035 2050 Trend 

Use of low-carbon fuels 
(% of demand) 

2020 - 0.0% 0.0% 0.2% 34% 91% 

Use of electricity (% of 
demand) 

2020 - 0.0% 0.2% 1% 2% 4% 

Over the decade to 2019, domestic shipping activity fell by 26% and outbound 
international freight shipping reduced by 7% (Figure 3.12).42 Overall freight 
tonnages have fallen by 3%,43 driven by substantial reductions in imports of oil and 
coal. 

Low-carbon fuels make up the 
large majority of shipping 
emissions savings in our CCC 
Pathway. This will require 
investment and R&D during the 
2020s. 

Global shipping emissions are 
still rising – the UK should lead in 
working internationally to 
reverse this. 

Table 3.9 
Key metrics for shipping in the CCC Pathway to meet the Sixth Carbon Budget 

Source: CCC analysis. 
Notes: Low-carbon fuels comprise the large majority of the emissions savings from shipping within our Balanced Pathway. Deployment of these fuels is 
expected to ramp up mainly during the 2030s – R&D and market development, alongside progress on vessel efficiency and shore-side electrification, are 
needed during the 2020s. 
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Figure 3.12 UK international and domestic total  
port traffic, by freight volume 

 

Source: DfT (2020) Port and domestic waterborne freight statistics.  
Notes: Domestic figures include both coastwise and one-port shipping. International imports are shown with a 
dashed line since they will typically refuel outside the UK and are thus not included within our UK emissions 
inventory. See the Section 3 of Chapter 2 on consumption emissions for further discussion. 

 
Global shipping carbon intensities have improved by around 30% over 2008-2018.44 
The IMO has recently introduced new binding energy efficiency and carbon 
intensity indicators which will increase this to a 40% improvement by 2030. 
However, there are concerns45 that this may be insufficient to drive emissions 
reductions across the sector. 
 
In future Progress Reports, we will seek to monitor progress in the enabling actions 
required to increase availability of low-carbon fuels and vessel efficiency in the 
shipping sector. 

• Government’s March 2021 consultation on the future of the Renewable 
Transport Fuel Obligation (RTFO) proposes to extend the scope of the RTFO 
to make renewable fuels of non-biological origin (RFNBOs; including 
hydrogen, ammonia and methanol) for use in the shipping sector eligible 
for support. We will monitor the levels of investment and production that 
result from this change. 

• Clean maritime clusters and other innovative trials, such as the proposed 
hydrogen transport hub in Tees Valley, will be important in stimulating the 
emergence of a market for low-carbon shipping. 

• Further improvements could be delivered through shore-side electrification 
(which could also offer strong air quality benefits46 by avoiding the use of 
fossil-fuelled engines in ports, but will require action to surmount barriers to 
its deployment), provision of the requisite supporting infrastructure and 
smart efficiency measures, which are all included within the recently 
launched Clean Maritime Demonstration Competition. 
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Increasing investment in and 
use of low-carbon energy and 
improvements to vessel 
efficiency will be key indicators 
of progress in this sector. 
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The Committee will seek to monitor progress in each of these areas as part of a 
fuller indicator framework, which will be used to monitor progress from next year’s 
Progress Report, in 2022. 
 
j) F-gas emissions (13 MtCO2e, 3% of UK emissions in 2019) 

The majority of the required fall in emissions of F-gases is expected to fall under 
strict existing regulations. Our ‘baseline’ scenario for emissions sees existing 
regulations drive F-gas emissions down by 75% from current levels by the time of the 
Sixth Carbon Budget period.  

There is some limited evidence that underlying progress is being made against the 
additional measures we have identified outside the baseline. 

• Enforcing regulations. Regulations are only as good the rate of compliance. 
The Environment Audit Committee has reported evidence of suspected 
non-compliance, especially as the EU F-Gas Regulation increases demand 
for refrigerants with lower Global Warming Potential (GWP), and a lack of 
resources for the Environment Agency to carry out adequate inspections.47 

• Inhalers. High GWP metered dose inhalers (MDIs) are still the main type of 
inhaler used in the UK.  

– NHS England’s Long Term Plan has set targets to deliver significant and 
accelerated reductions in the total emissions from the NHS by moving 
to lower-carbon inhalers, such as dry powder inhalers (DPIs) that are 
used widely in Europe.  

– Two major pharmaceutical suppliers to the NHS have committed to 
action on reducing the carbon impact of their MDIs and, from 2025, 
reformulating their inhalers so they can be used with low-GWP 
propellants. 

• Alternative refrigerants. There is some potential for the low-GWP HFC-32 to 
be replaced by an ultra-low-GWP alternative. Doing so could reduce F-gas 
emissions below the level in our Sixth Carbon Budget pathway. Preliminary 
research is being done into the technical capacity for hydrocarbons to 
replace HFC-32. 

  

2240  



135 Climate Change Committee 

k) Greenhouse gas removals

Our assessment is that both engineered Greenhouse Gas Removals (GGR) and 
land-based removals (such as tree planting and peatland restoration - see section 
d) above), will be essential for reaching Net Zero.

Engineered removals via Bioenergy with Carbon Capture and Storage (BECCS) 
applied in a variety of sectors, and Direct Air Capture with Carbon Capture and 
Storage (DACCS) are at an early stage of development. A small number of BECCS 
and DACCS test facilities are presently in operation worldwide. Investment in 
research and development needs to be complemented with policy design to 
support engineered GGR scale-up during the mid-to-late 2020s.  

Latest indicator Milestones in the CCC pathway 

Year Value 2025 2030 2035 2050 Trend 

Removals 
(all values 
in MtCO2) 

Total 2020 - <1 -4.8 -22.5 -58.3

BECCS 2020 - - -4.6 -22.3 -52.9

DACCS 2020  - -  - - -5

Wood in 
Construction 

2020 - -0.1 -0.2 -0.2 -0.4

A key milestone on the Sixth Carbon Budget pathway is progress towards the 
commissioning of the first commercial-scale BECCS plant in the late 2020s. This will 
need to be underpinned by the construction of CO2 pipeline and storage 
infrastructures as part of the wider establishment of CCS in the early 2020s, which 
are capable of timely expansion to accommodate CO2 from BECCS or DACCS. 
Progress towards this underpinning infrastructure delivery and the development of 
support policies for GGR deployment will be considered in next year’s Progress 
Report, in 2022. 

Engineered Greenhouse Gas 
Removal technologies, 
presently in early stages of 
development, will need to 
make a key contribution to 
reaching Net Zero.  

Table 3.10 
Key metrics for greenhouse gas removals in the CCC Pathway to meet the Sixth Carbon Budget 

Source: CCC analysis. 
Notes: Present usage of wood in construction is included in land use, land use change and forestry (LULUCF) inventory account.  
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Introduction 

Two years ago, the UK was aiming to reduce emissions to at least 80% below 1990 
levels, by 2050 (from 48% below 1990 levels in 2020*).As of 2019, the emissions 
reduction goal for 2050 is now at least 100% (‘Net Zero’) and the Government has 
committed to a reduction in emissions of 78% by 2035, based on the Committee’s 
2020 advice on the Sixth Carbon Budget.  

Having set the level of the Sixth Carbon Budget, the Government must develop a 
comprehensive set of policies to ensure that it is met. Importantly, the Sixth Carbon 
Budget will be the first to include emissions from international aviation and shipping 
(IAS). This ensures that, from now on, the Government’s emissions reductions 
strategies have a formal requirement to cover all areas of the economy, rather 
than merely leaving ‘headroom’ for IAS emissions as in previous strategies.  

This year is the start of a new era of UK climate action, with the Sixth Carbon 
Budget legislated, the publication of new evidence for the third Climate Change 
Risk Assessment (CCRA3) and the UK’s hosting of the 26th United Nations Framework 
Convention on Climate Change (UNFCCC) Conference of the Parties (COP26) in 
Glasgow in November. Government policy needs to ramp up to match. We 
expect the Government’s forthcoming Net Zero Strategy, ahead of COP26, to 
provide a blueprint for action over the coming decades.  
 
As part of our advice on the Sixth Carbon Budget, we published a report on 
Policies for the Sixth Carbon Budget and Net Zero. This set out potential ways to 
address what needs to be done in each emitting sector and an overview of the 
policy challenges. With Net Zero by 2050 in mind, policy needs to enable a scale-
up and roll-out of low-carbon technologies and behaviours, so that by the early 
2030s nearly every new investment and purchase is low-carbon. 

Our policy report is still the most current overview of the policy challenge for the 
Sixth Carbon Budget. This chapter recaps the main aspects of that report and 
covers key developments since. It also offers an appraisal of the Government’s 
current plans, looks back on progress departments have made on last year’s 
recommendations and identifies priority policy recommendations and gaps that 
need to be addressed. 

The key messages in this chapter are: 

• The early foundations for a decade of delivery are being put into place. The 
Government is starting to demonstrate that it is taking the Net Zero 
challenge seriously. It has set up climate action committees on strategy 
and delivery in Cabinet, it has published a Ten Point Plan for a Green 
Industrial Revolution, an Energy White Paper, an Industrial Decarbonisation 
Strategy, an interim Net Zero Review from HM Treasury on the fair allocation 
of costs during the transition and launched a new UK Emissions Trading 
Scheme. 

• However, several key strategies and plans are not yet published, or have 
been delayed. At the time of finalising this report at the start of June, the 
Heat and Buildings Strategy, the Transport Decarbonisation Plan, the final 
HM Treasury Net Zero review, the Net Zero Aviation Strategy and the Nature 
Strategy had not yet been published. These are needed in order to extend 

 
*   This reduction reflects the impact COVID-19 had on emissions in 2020, much of which is not expected to be 

permanent. The fall in emissions between 2019 and 1990 was 40%. 
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action to reduce emissions into all areas of the economy, within a portfolio 
of policy that accelerates a fair and just transition to Net Zero.  

• The Government has made significant commitments, but there are still 
significant gaps in ambition. Where ambitions have been set over the last 
year, they have tended to be a significant step up. Many are now aligned 
with the path to Net Zero (e.g. 40 GW of offshore wind, phasing out petrol and 
diesel cars and vans by 2030). However, gaps remain in the Government’s 
stated ambitions (e.g. on diets, aviation demand, waste, and low-carbon 
heat networks), while some announcements fall short of what is likely to be 
needed (e.g. on peatlands, heat pumps, and carbon capture and 
storage). Together these imply a significant ambition gap: current 
Government commitments that align to the Committee’s published 
pathways cover less than half of the path to Net Zero.

• Efforts must be increased markedly, especially in the lagging areas. There 
are signs of a multi-speed approach within Government to raising ambition 
and putting in place effective policies. Some departments (e.g. Defra, 
MHCLG, but also parts of BEIS and HM Treasury) are lagging behind others, 
and appear timid in their approach. The path to Net Zero requires high 
ambition and an effective policy framework in all areas.

• A major delivery challenge will remain even once the Net Zero Strategy sets 
out how the Government intends to drive the transition. Of the 92 
recommendations from last year’s Progress Report, just 11 have been 
achieved in full, with 29 partly achieved and 34 underway. Translating 
strategy into effective policy across the wide range of emitting sectors will 
require continued focus across Government over the rest of this Parliament 
and beyond. We set out several priority areas for action as well as 
approximately 200 recommendations for UK Government departments and 
the devolved administrations.

This chapter is set out in four sections: 

1. The delivery challenge

2. Stated ambition and policy progress

3.  Policy priorities and gaps

4. Sectoral progress and next steps for policy
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1. The delivery challenge

The Committee’s December 2020 advice on the Sixth Carbon Budget set out a 
pathway to achieving the UK’s Net Zero 2050 target, based on a comprehensive 
programme of delivery in the 2020s that covers all areas of decarbonisation. If the 
required scale-up over the coming decade is to occur, the key building blocks of 
policy must be introduced in the coming months and developed over the next few 
years (Figure 4.1, Table 4.1). This Government must be the one to shift the UK 
decisively onto the path that ends its contribution to global warming. 

The Government has committed to set out its plans in the Net Zero Strategy, 
required by the Climate Change Act and due ahead of the COP26 UN climate 
talks in Glasgow in November this year. COP26 gives the Net Zero Strategy added 
significance. Setting out a strong and credible policy package to deliver the scale-
up over the next decade would put the UK firmly on track to Net Zero, greatly 
strengthening its credibility as a climate leader.  

The Government has accepted the overall challenge by setting the UK’s Nationally 
Determined Contribution (NDC) to the Paris Agreement for 2030 and legislating the 
Sixth Carbon Budget for 2033-37. Given the scale of the challenge and the often-
complex interactions involved, a piecemeal or sector-specific approach will not 
be enough. Net Zero should be integrated into all policymaking, as should climate 
adaptation. 

a) Scaling up and rolling out low-carbon technologies and
behaviours

Accompanying our advice on the Sixth Carbon Budget was a report on Policies for 
the Sixth Carbon Budget and Net Zero (‘the Sixth Carbon Budget policy report’), 
which provides recommendations on how to achieve a transition that involves two 
distinct phases for UK climate policy, with the next decade being vital: 

• The 2020s: scale-up. The UK must build supply chains and new markets for
low-carbon consumer offerings (e.g. electric cars and heat pumps) so that
these can scale from being niche offerings to dominating the market and
fully pushing out sales of high-carbon alternatives by 2030, or soon after.
Alongside this, new options must be developed and scaled up for industrial
decarbonisation such as carbon capture and storage (CCS), low-carbon
hydrogen and engineered emissions removals, while finishing the job of
power sector decarbonisation. Annual tree-planting rates must increase
from 13,000 hectares per year today to 30,000 by 2025 in line with the
Government’s commitment – and continue to rise to 50,000 year by 2035.

• From the early 2030s to 2050: roll-out. Having scaled up the required
markets for low-carbon technology sales, these will then take around 15
years to flow through the stock of vehicles and buildings as high-carbon
assets reach the end of their lives. Mechanisms driving implementation in
industry and land use should be well developed and continue to drive roll-
out at similar rates. Policy will be less about aiming to scale up markets,
instead focusing on continuing achieved rates of roll-out, tackling emerging
barriers and systems challenges and ensuring fairness across society.

Most of the recommendations in our Sixth Carbon Budget policy report still stand. 
What follows in this chapter are the priorities already set out in that report and 

Achieving Net Zero and the 
Sixth Carbon Budget will require 
a significant scale-up in 
delivery of low-carbon policies 
and actions. 

The transformational change 
required means Net Zero and 
climate adaptation must be 
integrated into all 
policymaking. 

The next decade is critical for 
building supply chains, with 
policy focussing on widespread 
roll-out of measures thereafter. 
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updates where recent policy developments have occurred. Government progress 
on tackling the delivery challenge to date is also addressed. Key milestones for 
policy and delivery are set out in Table 4.1 and Figure 4.1. 

Figure 4.1 Timeline for the decade of delivery, and beyond

Source: CCC analysis based on the Sixth Carbon Budget and HMG (2020) The Government Response to the Committee on Climate Change’s 
2020 Progress Report to Parliament.  
Notes: Table 4.1 has a complete list of the milestones and targets to be reached on the path to 2050.  
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Date Outcomes and Milestones 

Before COP26  Legislate the Sixth Carbon Budget at
965 MtCO2e, including emissions from
international aviation and shipping

• Net Zero Strategy, setting out how the
Sixth Carbon Budget and Net Zero are to
be met

 Energy White Paper

• Heat and Buildings Strategy

 New carbon pricing regime following EU
ETS

• Transport Decarbonisation Plan

• Final HMT Net Zero Review

 England Trees Action Plan

 England Peat Action Plan, including an
end to rotational burning of certain
upland peat sites

• Hydrogen Strategy, and consultation on
hydrogen business models

• Governance framework and timeline for
decisions on the conversion to hydrogen
of the gas transmission and distribution
networks

• Rail Decarbonisation Strategy

 Industrial Decarbonisation Strategy

• Net Zero carbon hospital standard, and
further commitments towards delivering a
Net Zero NHS

• Publication of Greening Government
Commitments

• Ofgem’s final business model approvals
for the RIIO-ED2 period should
accommodate network upgrades for EVs
and heat pumps

• Next Contract-for-Difference allocation
round, targeting large volumes of
renewables, towards 40 GW offshore
wind by 2030

 Updated Nationally Determined Contribution
(NDC) for at least a 68% reduction on 1990
levels (excl. IAS)

 Build on the UK’s NDC to increase global
climate ambition in the run up to COP26

• Strengthened UK Adaptation Plans

 Updated Green Book guidance on climate
change

 Decision on funding model for CCS
infrastructure

• Ministry of Defence review of climate change
and defence

 Call for evidence on policy for GHG Removals
(GGRs)

 Consultation on Waste Prevention Programme
for England and associated consultations on
recycling collections, Extended Producer
Responsibility and Deposit Return Scheme.

• Consultation on mandatory food waste
reporting

• Consultation on including maritime in the
Road Transport Fuel Obligation (RTFO)

 Scottish Government updated Climate
Change plan

• Conclusion of Green Jobs Taskforce and
publication of Green Jobs Action Plan

 Environmental Land Management pilots

• Implementation of minimum device standards
for EV chargers

• National Food Strategy and white paper

• Welsh Government to publish a plan for
meeting the second carbon budget

• Net Zero Aviation Strategy

 North Sea Transition Deal

By the end of 
2022 

• Carbon capture, utilisation and storage
(CCUS) business models decided for
power, hydrogen and manufacturing
and construction

• 3rd Climate Change Risk Assessment
published by Government (CCRA3)

• Cross-Government Bioenergy Strategy

• Defra to publish a Nature Strategy for England

• ICAO negotiations to set long-term Paris-
compatible target for global aviation (align &
strengthen CORSIA in 2023)

• Strategy for shipping (including international
shipping) that reflects UK Net Zero

Table 4.1 
Key outcomes to target over the next few years, and milestones towards 2050 
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By 2024 • Business models for hydrogen, CCS, GHG
removals and industrial decarbonisation
up and running. First plants being built.

• Environmental Land Management (ELM)
scheme up and running in England

• Universal waste collections and recycling
facilities in place across England

• Implement a trading or auctioning
system to deliver private sector
investment in tree planting

• IMO negotiations revise 2050 target for global
shipping in 2023, set new policies

• Coal phased out of the power system

• Legislation for the Future Homes and Future
Buildings Standards introduced ahead of
2023, and should come into force by 2025 at
the latest

• Large-scale trials for HGVs in place

Mid-2020s • Demonstrate low-carbon hydrogen at
scale via 1 GW of hydrogen production
capacity by 2025

• Strategic decisions on the future of the
gas grid, including the extent of zoning
for heat networks, electrification and any
planned conversions of the gas grid to
hydrogen

• All new boilers ‘hydrogen-ready’ by 2025
at the latest

• CO2 transport and storage infrastructure
operational

• Annual tree-planting rates of at least 30,000
hectares / year

• First UK sustainable aviation plants
operational, policy support in force

• Main biodegradable municipal and non-
municipal waste streams banned from landfill
from 2025

By 2030 • Nearly 100% of new cars and van sales
are battery-electric (or other zero-
emission) vehicles

• Heat pump installations at scale (1 million
/ year) ahead of a natural gas boiler
installation phase-out date pre-2035

• All buildings except owner-occupied
non-fuel poor homes achieve Energy
Performance Certificate (EPC) C

• Sales of oil and coal heating in homes
phased out (2028)

• Rented homes achieve EPC C and
homes for sale achieve EPC C (2028)

• Phase-out of the most harmful F-gases
and restricting the use of all F-gases by
80%

• CCS and low-carbon hydrogen across 5
industrial clusters, capturing and storing 10
MtCO2 per year and producing 25 TWh/year
of low-carbon hydrogen

• 40 GW of offshore wind installed in UK waters,
reducing emissions from electricity generation
to less than 50 gCO2/kWh

• Commercial roll-out of low-carbon ammonia
and hydrogen starts in shipping, with at least
one cluster (>2 TWh/year)

• Recycling rate of at least 68% achieved
across the UK, food waste 50% reduction

• Commercial scale engineered GHG removals
plants operational

Over the 2030s • Sales of gas boilers to all homes and
business phased out (by 2033)

• Phase-out of sales of new diesel HGVs (by
2040)

• All diesel trains removed from passenger
rail operations (by 2040)

• All ore-based steel-making near-zero
emissions (by 2035)

• Phase-out of unabated combustion of fossil
gas for electricity generation (by 2035)

• Widespread roll-out of CCS, including on
Energy from Waste plants

• Annual tree planting rates of at least 50
kha/year (by 2035)

By 2050 Any residual sources of emissions are offset through emissions removals in the UK. Low-carbon 
electricity, hydrogen and bioenergy provide all the UK’s energy, in combination with CCS. 

Low-carbon technologies and behaviours continue to roll out at scale and all asset replacements 
continue to be low-carbon. 

Source: CCC analysis based on the milestones to delivering the Sixth Carbon Budget pathway, and HMG (2020) The Government Response to the 
Committee on Climate Change’s 2020 Progress Report to Parliament, Policy Exchange (2020) UK Energy & environment policy t imeline. 
Notes: Ticks mark refer to actions that have been concluded. 
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2. Stated ambition and policy progress

Material progress has been made since our last Progress Report to Parliament in 
June 2020. The Government has accepted the Committee’s advice on the level of 
the Sixth Carbon Budget, and the level of the UK’s NDC for 2030, setting the UK on 
an ambitious decarbonisation pathway towards 2050.  

The Government has also recognised the need for extensive policy strengthening 
and has started to develop plans in all areas of UK emissions, with significant policy 
announcements having been set out in the Ten Point Plan for a Green Industrial 
Revolution, Energy White Paper, Industrial Decarbonisation Strategy and England 
Trees and Peat Action Plans (Table 4.2). 

These publications have significantly strengthened commitments, with many 
headline ambitions now aligned to the CCC pathway (e.g. 40 GW offshore wind 
by 2030, phase-out of conventional petrol and diesel cars by 2030, 30,000 hectares 
afforestation annually by 2025). However, some of the specific targets in these 
announcements, while improvements on previous commitments, fall short of those 
in the CCC pathway (e.g. heat pump deployment that is a third lower in 2028, 
total carbon capture and storage ambition in 2030 that is around half of what we 
set out) – see Figure 4.2. 

Some important ambition gaps remain in certain sectors, while there is a danger 
that several of the broad ambitions announced are implemented in a way that 
would fall short of the CCC scenarios: 

• Consumer choices. So far, the Government’s announcements have
focused on technologies and largely ignored the potential for changes in 
consumer choices to reduce emissions. These are particularly important to
limit emissions in ‘hard to abate’ sectors, such as aviation and agriculture.
There are a wide range of levers available to promote low-carbon choices,
including enabling measures and nudges, ensuring supporting infrastructure
is available, as well as more interventionist measures using regulations and
the tax system.

• Ambiguity in ambition. While some commitments have been made that
could be at least as ambitious as our pathways, there remain risks that real-
world implementation could fall short. For example, the announced 2030
phase-out date for sale of petrol and diesel cars and vans will allow sale of
hybrid vehicles with “significant zero-emission capability” until 2035, well
after the 2032 date by which we recommend all such vehicles should be
fully zero-emission. The definition of which vehicles can be sold after 2030,
currently subject to consultation, will be crucial in ensuring that emissions
and motoring costs are kept as low as possible by prioritising fully zero-
emissions vehicles over hybrids.

We expect the Government’s forthcoming Net Zero Strategy, promised for this 
year, to provide a blueprint for action over the coming decades. The Net Zero 
Strategy will need to make up for the shortfalls in ambition illustrated in Figure 4.2 
and Table 4.2 and clarify policy mechanisms to meet that ambition: 

• The Government is not required to commit to the Committee’s detailed
sectoral pathways, nor our policy advice. But it must set out a credible
alternative approach where it chooses not to.

Setting the level of the Sixth 
Carbon Budget and the UK’s 
2030 NDC are significant steps 
in the last year and 
Government is starting to 
develop policy across all areas. 

There are still gaps and 
ambiguity in government 
ambition, including around 
influencing consumer choices 
on issues like aviation and diets.  

The Net Zero Strategy will have 
to make up for emerging 
shortfalls in ambition and bring 
together action across every 
sector. 
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Our pathways are designed to be stretching across the economy, so it is 
difficult to compensate for lower ambition in one area with greater 
ambition elsewhere.  

• The Net Zero Strategy, released later this year, will have to address the
shortfall, strengthening weaker commitments to be closer to the
Committee’s pathways or setting out how emissions can be cut faster in
other areas to compensate.

• With the path to 2050 becoming clearer, plans must translate into near-term
action and Government must organise for the major delivery challenge of
Net Zero.

Figure 4.2 Differences in stated Government 
ambition compared to CCC Pathway 

 

Notes: Comparisons are against the Balanced Net Zero Pathway (‘CCC pathway’) published in the Committee’s 
Sixth Carbon Budget advice. 
¹ Government CCS ambition for is 10 MtCO2/year in 2030, compared to 22 MtCO2/year in the CCC pathway. 
² The level of diet change without explicit policy to support it is uncertain. Annual emissions could be up to 7.2 
MtCO2e higher than the CCC pathway in 2030. 
³ Lack of ambition for aviation demand management would result in higher annual emissions of 6.4 MtCO2e in 2030 
relative to the CCC pathway for aviation emissions. 
⁴ The Industrial Decarbonisation Strategy aims for a 67% reduction by 2035, compared to 73% in the CCC pathway. 
⁵ Government ambition is for 600,000 installations in homes in 2028, compared to 900,000 in 2028 in the CCC 
Pathway. The abatement gap in 2030 is inferred, based on an assumed trajectory of uptake to 2028 under the 
Government’s plans, with annual deployment remaining constant to 2030. 
⁶ The North Sea Transition deal commits to a reduction that falls short of the CCC pathway by 3.7 MtCO2e in 2030. 
⁷ Based on announced Government heat network investment of £0.7 billion (assumed to leverage £2.2 billion, 
leading to a total investment of £2.9 billion, of which we estimate £1.7 billion will be for low-carbon, with resulting 
deployment estimated by CCC). 
8 A strict 2030 phase-out of petrol and diesel vehicles would be more ambitious than the CCC pathway, but this 
depends on the timing of when plug-in hybrid electric vehicles are phased out. 
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Low-carbon heat networks⁷

North Sea Transition Deal⁶
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Heat pump deployment⁵
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Emissions reduction ambition relative 
to CCC pathway (MtCO2e)

Range of potential
emissions impacts
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Headline actions Government commitment ¹ CCC pathway 

Offshore wind 40 GW by 2030 40 GW by 2030 

Electric vehicles Phase-out of new fossil fuelled vehicle 
sales by 2030, with allowance for some 
hybrids out to 2035 

Phase-out of all new fossil fuelled 
vehicle sales by 2032 

Heat pumps in homes 600,000 heat pump installations / year by 
2028 

900,000 heat pump installations / year 
by 2028 

1.1 million installations / year by 2030 

Low-carbon heat networks 
(all buildings) ² 

2 TWh of low-carbon heat networks by 
2030 

25 TWh of low-carbon heat networks 
by 2030 

Low-carbon hydrogen 5 GW (up to 42 TWh) by 2030 30 TWh by 2030 

Carbon Capture and Storage ³ 10 MtCO2 / year captured and stored by 
2030, across 4 industrial clusters, including 
at least one power project 

22 MtCO2  / year captured and stored 
by 2030, across at least 5 industrial 
clusters, including multiple power 
projects 

Emissions reduction in 
manufacturing and refining 

Around two-thirds by 2035, compared to 
2018 

73% by 2035, compared to 2018 

Tree-planting 30,000 hectares / year by 2025 30,000 hectares / year by 2025 

50,000 hectares / year by 2035 

Peatland restoration  32,700 hectares / year by 2025 67,000 hectares / year by 2025 

Greenhouse gas removals Innovation support provided, in 
recognition that engineered removals will 
be needed, but no firm commitment on 
deployment yet 

5 MtCO2 / year by 2030 

Nuclear power 5 Final Investment Decision on at least one 
new nuclear power plant by the end of 
this Parliament 

One new nuclear plant operational by 
2030, and a further plant by 2035 

Table 4.2 
Government commitments compared to the CCC Pathway between 2025-2035 

Notes: 

¹ Based on actions in the Ten Point Plan, Energy White Paper, Industrial Decarbonisation Strategy and England Tree and Peat Action Plans between 2025 
and 2035 and the CCC’s Balanced pathway from the Sixth Carbon Budget. 

² Government commitment on low-carbon heat network deployment is illustrative, and has been inferred from Government spending commitments, using 
assumptions around expected leveraged investment and the proportion of funding targeted at low-carbon networks. 

³ The difference in carbon captured and stored annually largely comes from projects in the power sector in CCC scenarios, so other technologies could 
compensate for this shortfall. 

 Government peatland restoration commitments include Scotland, Wales and England. CCC peatland restoration numbers in 2025 are UK-wide. 

5 The Balanced Pathway produced for the CCC’s Sixth Carbon Budget assumed that two new nuclear power stations would be in operation by 2035. 
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a) Progress against last year’s recommendations

The Committee made 92 recommendations to Government departments in our 
June 2020 Progress Report. Of these, 11 have been achieved in full (which includes 
the critical cross-cutting recommendations on the level of the Sixth Carbon Budget 
and the UK’s 2030 NDC). Some progress is being made, or is expected soon, against 
many others, with 29 recommendations partly achieved and 34 underway. Seven 
recommendations are overdue and 13 have not been achieved (Table 4.3).  

While several critical policy documents have been published over the last year, 
other key strategies and plans remain to be published, or have been delayed: 

• At the time of finalising this report in early June, the Heat and Buildings 
Strategy, the Transport Decarbonisation Plan, the final HM Treasury Net Zero
review, the Net Zero Aviation Strategy and the Nature Strategy had not yet
been published. These are needed to extend action to reduce emissions
into all areas of the economy, within a portfolio of policy that accelerates a
fair and just transition to Net Zero.

• The absence of these documents means we are reporting on a moving
picture. It will only be possible to judge the overall approach to meet the
Sixth Carbon Budget and the Net Zero target when the Government’s Net
Zero Strategy, as well as other overdue and underway documents, are
published.

As the disparities in progress in Table 4.3 illustrate, we see evidence of a multi-
paced Government, with some departments lagging behind others: 

• The Ministry of Housing, Communities & Local Government (MHCLG) is not
fully supporting local government to play its part in the transition to Net
Zero. Progress has fallen short to date on ensuring that building standards 
are fit for purpose and properly enforced. The current Planning Bill does not
ensure that developments and infrastructure are compliant with Net Zero 
and appropriately resilient to climate change. It would be serious were this
opportunity to be missed.

• While the Department for Environment, Food & Rural Affairs (Defra) has
made important steps forward on ambition for afforestation and peat
restoration – though the latter is short of the CCC pathway and 
implementation is slow – progress on agriculture and land use remain slow 
and partial, and gaps in ambition remain. On waste, large gaps remain
both on banning materials from landfill and getting a grip on the rapid 
expansion of Energy from Waste facilities.

• Even within Departments that are performing better overall there are
pockets of poor or slow performance. For example, the Department for
Business, Energy and Industrial Strategy’s (BEIS) Heat and Buildings Strategy 
has been delayed by almost a year, while the Department for Transport
(DfT) has not set out any plans for limiting growth in aviation demand.

• More generally, Government progress has been slow on overarching 
challenges towards Net Zero, which has now been law for two years. The
most notable delay is to the HM Treasury’s Net Zero Review, but there are
delays and uncertainty to a suite of other challenges: the just transition, jobs
and skills, public engagement. With a Spending Review later this year, it is
essential that the Treasury clarifies its strategic priorities for the remaining 
carbon budget in the UK. There is also a need for strong governance of the

11 of the Committee’s 94 
recommendations from last 
year have been fully achieved, 
29 partly achieved and 32 are 
underway. 

We are reporting on a moving 
picture of progress as several 
critical policy documents have 
not yet published, with many of 
these delayed. 

We see evidence of a multi-
speed Government, with some 
departments’ progress lagging 
behind others. 
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transition within Government, including ensuring that wider policy decisions 
are routinely made compatible with Net Zero.  

For the full programme to align to the challenge, and provide the leading example 
that the Government wishes to take to COP26, government will have to address 
these failures. 

Department Progress against last year’s recommendations 

Cabinet Office & No. 10 

FCDO, BEIS & the COP26 Unit 

HM Treasury 

Department for Business, Energy and Industrial Strategy 

Department for Environment, Food and Rural Affairs 

Department for Transport 

Ministry of Housing, Communities and Local Government 

Department for Education 

Department for International Trade 

Department of Health and Social Care 

Ministry of Defence 

Home Office & Ministry of Justice 

Department for Digital, Culture, Media and Sport 

Department for Work and Pensions 

 = action achieved,  = underway,   = partly achieved,  = overdue,  = not achieved. 

Table 4.3 
Progress against departmental recommendations in the Committee’s 2020 Progress Report to Parliament 

Notes: Based on recommendations in the CCC’s 2020 Progress Report to Parliament. Recommendations for all departments, or those relating to 
adaptation are not included in this table. Some recommendations apply to more than one department, so the sum of recommendations in this table 
does not add up to the 92 cited in the text. Tables of recommendations and scores is in the supplementary material published alongside this report. 

2256  



151 Climate Change Committee 

Delivering Net Zero by 2050 will require strong policy frameworks across all levels of 
Government, and collaboration between the governments of Wales, Scotland and 
Northern Ireland with Westminster to develop the required policies. The past year 
has also seen important developments in climate policy in the devolved 
administrations (Box 4.1), including: 

• The Scottish Government updated its Climate Change Plan, which
integrates the 2045 Net Zero target and its new interim targets into its
delivery plan for emissions reductions out to 2032.

• The Welsh Government increased its 2050 emissions target to Net Zero, from
a 95% reduction on 1990 levels, following advice from the Committee.

• The Northern Ireland Assembly is working towards legislating a Climate
Change Bill before the next Assembly election in 2022.

• Both Scotland and Wales created ministerial portfolios that focus on Net
Zero and decarbonisation following the May 2021 elections.

Box 4.1 
Policy progress in Scotland, Wales and Northern Ireland 

The past year has seen significant developments in climate policy in Scotland, Wales and 
Northern Ireland, even in the midst of the response to the pandemic. This box sets out 
major climate policy developments since our 2020 Progress Report.  

Scotland: 

• The Scottish Government committed to significant spending in low-carbon areas in its
Budget and Programme for Government, including £1.8 billion for low-carbon
infrastructure and £1.6 billion for heat and energy efficiency measures (or: including
£2 billion to decarbonise travel and heating, and promote woodland creation).1,2

• Published an update to the Climate Change Plan to integrate the 2045 Net Zero
target and new interim targets into the plan for the delivery of Scottish emissions
reductions until 2032. The update aligns sectoral emissions pathways to the higher
ambition of the 2045 goal. We will scrutinise elements of that update in our 2021 
Scottish Progress Report.3

• Following the May 2021 election, the Scottish Government created a new cabinet
position for Minister for Net Zero, Energy and Transport, with a portfolio that includes 
the delivery of Net Zero and COP26, as well as transport, biodiversity, infrastructure
and circular economy.

• The Just Transition Commission published its final report, and the findings from
Scotland’s Climate Assembly are due to be published around the same time as this
Progress Report.4

• Scotland’s Draft Heat in Buildings Strategy was published, setting out a pathway for 
achieving Net Zero emissions in Scotland’s buildings.

Wales: 

• The Welsh Government legislated a 2050 Net Zero target and a set of targets on the
pathway to that goal, in line with the Committee’s advice.5

• Published a Transport Strategy (Llwybr Newydd), which places decarbonisation by
2050 at the centre of transport and infrastructure planning.6

• Published ‘Beyond Recycling’, a circular economy strategy that sets out policy to
promote resource efficiency and make Wales ‘zero waste’ by 2050.7

• Continues to work on the second Low Carbon Delivery Plan, which will outline the
delivery of the Second Welsh Carbon Budget and beyond.

Progress across the devolved 
administrations has also been 
significant over the past year. 
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• Following the May 2021 election, the Welsh Government has created a new cabinet
position Minister for Climate Change, with responsibilities including decarbonising
transport, the housing sector and energy generation.

Northern Ireland: 

• The Executive requested the Committee’s advice on setting emissions targets that
reflect Northern Ireland’s equitable contribution to the UK’s 2050 Net Zero target. We
published this advice in December 2020.8

• The Northern Ireland Assembly is in the process of legislating a Climate Change Bill
before the next Assembly election in 2022. The Committee will continue to provide
evidence throughout the legislative process.

• In March 2021, the Northern Ireland Executive consulted on an Energy Strategy and
published a set of decarbonisation scenarios that would see Northern Ireland’s
energy systems reach net-zero carbon by 2050. The final strategy is scheduled for
publication in November 2021.9,10

b) Judging progress towards the Sixth Carbon Budget

We have assessed Government progress towards the Sixth Carbon Budget by 
judging whether sufficient ambition is in place, and whether policy is being 
developed to meet that ambition, for each source of abatement in the CCC 
pathway to Net Zero *. Figure 4.3 illustrates our assessment of progress against 
required emissions abatement, and Table 4.5 sets out our scoring and justification 
across some of the most significant sources of abatement in the economy. We find 
a mixed picture: 

• Ambition is beginning to align with what is needed, although there is more
limited action or major risks for almost half of the abatement in the CCC
pathway (e.g. heat networks, emissions from landfill and waste incineration, 
developing greenhouse gas removals). Precise intentions still need to be
clarified for around a third of the remaining abatement that is broadly
aligned with the targets (e.g. zero-emission cars, energy efficiency in 
buildings).

• Progress in setting out policies is significantly behind ambition, with less than 
one-fifth of the emissions savings for the Sixth Carbon Budget having
policies that are ‘potentially on track’ or ‘fully on track’ for delivery (e.g.
renewable electricity generation).

– In many other areas, some policy plans have been set out but these
lack detail and/or do not comprehensively cover the necessary set of
issues (e.g. in terms of funding, appropriate mechanisms, timing).
Together, areas in which policy is in danger of falling behind cover over
three-fifths of the emissions reduction required to 2035.

– A further one-fifth of the emissions reductions still have major policy
gaps, including on demand-side action and tackling emissions from
landfill and waste incineration. We highlight the need to fill a range of
policy gaps in section 4.

*  The ‘CCC pathway’ refers to the Balanced pathway to Net Zero developed by the Committee in our December
2020 report, CCC (2020) Sixth Carbon Budget – The UK’s path to Net Zero.

Progress in setting out policies is 
significantly behind ambition, 
which is broadly on track with 
some important gaps. 
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Table 4.4 provides an overview of the scoring criteria which informed the 
Committee’s judgement in Figure 4.3. A list of scores for all sources of abatement is 
available in the supplementary materials accompanying this report. 

Effective policies must be developed at greater pace. The path to Net Zero 
requires a rapid scale-up in low-carbon investment and low-carbon choices across 
the economy. Government must lead that change with more urgency than we 
have seen so far, and speed up delivery, which will need to accelerate even 
where ambition is broadly on track, for example: 

• Although the Government’s 2030 target for offshore wind is in line with the
CCC pathway, a minimum of 4 GW of additional offshore wind capacity
will be needed each year from the mid-2020s onwards, significantly greater
than the current 2 GW per year.

• The Ten Point Plan set a direction to phase out new internal combustion
engine van sales by 2030, which is broadly in line with the pace of the
transition required to meet the Sixth Carbon Budget, provided only a limited
role for hybrid vehicles is allowed beyond this point. However, the battery-
electric van market share was only 2% in 2020.

• Government ambition on tree planting, which reaches 30,000 hectares of
trees each year, is in line with the CCC pathway out to 2025 (although
there is not yet a commitment post 2025) but only 13,000 hectares were
planted in 2019/20.

High-level ambition Specific policies in place (or imminent) 

Fully on track, 
limited risks 

Clear ambition fully in line with or 
beyond CCC recommendations 

Credible, proven policy that is already working 

Potentially on 
track, some risks 

Broadly in line with CCC 
recommendations, subject to 
clarification 

Credible policy in place (or imminent) but not yet 
proven, or policy only covers the next few years of scale-
up but not out to Sixth Carbon Budget period (2033-37) 

Some action, 
more significant 
risks 

Some commitments but there are 
gaps, or commitments are not 
ambitious enough 

Policy in place (or imminent) that is limited in ambition, 
or policy is in place but there are risks of it ending without 
replacement 

Falling behind, 
major risks 

No, or very limited, ambition stated None, very limited, or clearly ineffective policy in place 

Delivery is falling short even 
where ambition is broadly on 
track. 

Table 4.4 
Scoring criteria for ambition and policy against each source of abatement in the CCC pathway 

2259  



Progress in reducing emissions: 2021 Report to Parliament 154

Figure 4.3 Is Government progress on track? 

Source: CCC analysis; CCC (2020) The Sixth Carbon budget – The UK’s path to Net Zero. 

0

100

200

300

400

500

600

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

M
tC

O
2e

Ambition

0

100

200

300

400

500

600

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

M
tC

O
2e

Policy

Fully on track Potentially on track

Some action but risk of falling behind Falling behind

Baseline emissions CCC Balanced Pathway

2260  



155 Climate Change Committee 

Abatement source Ambition Policy Rationale 

Su
rfa

ce
 tr

an
sp

or
t 

Zero-emission cars 
The confirmation of a 2030 phase-out date is a welcome step, but 
policy is lacking for how to deliver it. The market share of new battery-
electric cars reached 6.5% in 2020, up substantially from 1.6% in 2019. 

Demand-side 
behaviour change 
and modal shift 

Despite the recent ‘Gear Change’ and ‘Bus Back Better’ strategies, 
Government focus on reducing the need to travel and increasing car 
occupancy is lacking. Substantial road-building investment continues 
and car demand is increasing. 

Bu
ild

in
gs

 

Residential – low-
carbon heat in 
existing homes 

UK Government has only set a clear fossil phase-out ambition for 
homes off the gas grid i.e. 15% of all homes. 600,000 heat pumps a 
year committed to by 2028, which is below the 900,000 required in the 
CCC pathway. Insufficient financial support planned for heat pumps 
or low-carbon heat networks. 

Residential – 
energy efficiency 
and low-carbon 
heat in new homes 

Uplifts in buildings standards announced, but ambition lags for energy 
efficiency and airtightness, and legislation is not planned until 2024. 
Risks policy design may not drive heat pump uptake needed from 
2021 – heat pumps were installed in 5% of new homes in 2020, far 
behind the 20% level required by 2021 in the CCC pathway. 

Residential – 
energy efficiency 
in existing homes 

Success contingent on a comprehensive framework of standards, 
Energy Performance Certificates and Standard Assessment Procedure 
(SAP) being made fit for purpose to drive the right measures, and on a 
successor to the Green Homes Grant. Installations of loft and solid wall 
insulation are only a third of the rate needed by 2021 in the CCC 
pathway. 

Non-residential – 
energy efficiency 
and behaviour 
change 

Commitments of 20% efficiency savings in business and 50% reduction 
of public emissions by 2032 are in line with the CCC pathway. Policy 
proposals only cover private-rented and larger buildings to date and 
there is little evidence for reduced energy demand at present. 

M
an

uf
ac

tu
rin

g 
an

d 
co

ns
tru

ct
io

n 

Resource 
efficiency 

The Waste Prevention Programme consultation sets out planned 
actions, but is not backed up with sufficient ambition on pace or 
estimated abatement, which is mostly not indicated. 

Energy efficiency 

Abatement from energy efficiency in the Industrial Decarbonisation 
Strategy is in line with our Sixth Carbon Budget analysis, but it is not 
clear that this could be delivered by existing policies, such as Climate 
Change Agreements and the Industrial Energy Transformation Fund. 

Electrification 
There is a lack of ambition on future levels of electrification, no specific 
business models have been developed and there is insufficient policy 
to address the cost issues around electrification. 

Hydrogen 

Ambition potentially exceeds the level in the CCC pathway. BEIS have 
published updates on a potential hydrogen supply business model. The 
proposals could provide some support for hydrogen use in 
manufacturing but may falter as they are not designed for this purpose. 

Table 4.5 
Ambition and policy progress on significant sources of abatement 
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CCS in manufacturing 
and refining 

The Industrial Decarbonisation Strategy has a target of 3 MtCO2 
captured from industry by 2030 that aligns to our advice. Government 
has also set out a ‘minded to’ position for an industrial carbon capture 
business model, although some aspects of the model are yet to be set 
out in detail. 

Fuel Supply – 
electrification of oil and 
gas production 

The North Sea Transition Deal stated an ambition of 50% emissions 
reductions by 2030 (from 2018 levels), which falls well below the 
underlying 68% in the CCC pathway. No credible policy has been 
implemented beyond the EU Emissions Trading Scheme, which alone 
was not sufficient to incentivise decarbonisation. 

El
ec

tri
ci

ty
 s

up
pl

y 

Offshore wind 

The Government’s 40 GW target for 2030 is stretching, and Contracts 
for Difference (CfDs) have been working well to deliver capacity, 
though clarity is needed on the auction schedule and pathway of 
volumes to be procured to 2030. 

Other renewables 

While onshore wind and solar are now eligible for CfDs, there is no 
clear medium- to long-term ambition. CfDs are a proven policy for 
delivering new capacity, but clarity is needed on the auction 
schedule and pathway of volumes to be procured to 2030. 

Nuclear 

Government has made a commitment for at least one further plant 
and recognises the potential for advanced nuclear innovation. The 
CCC pathway assumes two large-scale plants are operational by the 
mid-2030s. Further clarity is needed on contracting models, and 
deployment of already contracted capacity is falling behind 
schedule. 

Dispatchable low-
carbon generation 

Government has committed to deliver at least one Power CCS project 
by 2030 but there is no equivalent for hydrogen, both of which fall 
short of the CCC pathway. No commercial deployment but trials are 
underway globally. 

A
gr

ic
ul

tu
re

 a
nd

 L
an

d 
us

e 

Diet change 
There has been no stated ambition on the role of diet change in 
meeting climate targets or policy development aimed at diets. 

Peatland 
restoration 

Defra’s restoration target of 30,000 hectares by 2025 is less ambitious 
than the CCC pathway and there is no target beyond 2025. The ban 
on rotational burning introduced in May 2021 only covers 40% of all 
upland bog in England, while the commitment to end the sale of peat 
in horticulture by 2024 captures the amateur market only. 

Aviation – demand 
management 

No recognition that demand needs to be managed and several 
policies (e.g. proposed Air Passenger Duty reductions and airport 
expansion) are encouraging growth in the sector. Passenger-
kilometres travelled per person have been increasing (pre-COVID-19) 
faster than can be accommodated in the CCC pathway. 

Waste 

Despite some progress in 2021, e.g. Defra’s Waste Prevention 
Programme for England, delivery of key measures has been delayed 
and critical gaps remain. Recycling rates have stalled and Energy 
from Waste emissions are rising. 

Removals 
Recognition of need for removals but expected amount/timing 
unspecified. Growing innovation funding committed, but underlying 
policy frameworks and CCS infrastructure need urgent delivery. 

 = falling behind, major risks;       = some action, more significant risks;    = potentially on track, some risks;    = fully on track, limited risks 

Notes: See Table 4.4 for further description of the ‘ambition’ and ‘policy’ scores given to each source of abatement. 
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3. Policy priorities and gaps

Through our analysis for the Sixth Carbon Budget and an updated assessment of 
progress for this report, we have identified a set of five cross-cutting policy priorities 
and seven essential elements of the Net Zero transition, as well as four significant 
policy gaps which require urgent action. We make a detailed and comprehensive 
set of approximately 200 recommendations for UK Government departments and 
the devolved administrations in the tables in the Annex to this report. These tables 
also include recommendations on climate change adaptation, which are 
covered in detail in the Adaptation Progress Report to Parliament. 

a) Cross-cutting priorities

There is a need for a coherent approach to achieving Net Zero and to ensuring 
that all Government policies are compatible with the transition to Net Zero. 
Decisions on road building, fossil fuel production, planning and expansion of waste 
incineration are not only potentially incompatible with the overall need to reduce 
emissions but also send mixed messages and could undermine public buy-in to the 
Net Zero transition. We recommend implementation of a ‘Net Zero Test’ to ensure 
that all Government policy decisions are compatible with the legislated emissions 
targets. 

Several cross-cutting issues must be addressed to enable sector-specific strategies 
and plans to be rolled out effectively. These are essential in calibrating the public’s 
expectations for what lies ahead and building broad public support for the 
changes: 

• A comprehensive Net Zero Strategy is needed this year to fill gaps in
ambition and pull together a coherent story of how sectoral efforts fit
together to achieve the Net Zero target and interim budgets. The inclusion
of international aviation and shipping in targets from the Sixth Carbon 
Budget and onwards allows for the first comprehensive look at a pathway
to Net Zero covering all sectors. It should also commit to a ‘Net Zero Test’ to
ensure that all Government decisions are compatible with the legislated
emissions targets.

• A plan for achieving a just transition for people, workers, consumers and
regions, which ensures that opportunities are taken to create jobs and
improve the skills base while maintaining international competitiveness.
Alongside this, a credible plan is needed for the fair funding of the
transition, building on HM Treasury’s Net Zero Review, as well as ensuring 
that investment is supported by strong financing.

• Public engagement around the need for climate action, the co-benefits to
health of low-carbon choices, information about how individual actions
can contribute to reducing emissions and involvement in decisions on how
best to achieve a transition.

• A framework for local delivery to deliver ambitious climate objectives at
different scales (i.e. devolved administrations, regions and local authorities),
through workable business models, removal of barriers to action, dedicated
resource and an approach that facilitates sub-national action to
complement action at the national level.

We have identified cross-
cutting priorities, essential 
elements of the transition and 
significant policy gaps, 
alongside a detailed set of 
departmental 
recommendations for this 
Progress Report. 

We recommend 
implementation of a Net Zero 
test to ensure policy is 
compatible with climate 
objectives. 

Priorities include a Net Zero 
Strategy, a plan for a just 
transition and public 
engagement, a framework for 
local delivery and integration 
of adaptation in climate plans. 
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• Plans must make climate adaptation an integrated part of the transition to
Net Zero. Across multiple areas, and in particular on buildings and land use,
there are benefits to thinking holistically about how policy can reduce
emissions, while ensuring it improves resilience to the UK's changing climate.
Like Net Zero, climate adaptation will also need to be integrated into core
Government policy.

The Government must also ensure that public funding and investments to 
encourage an economic recovery are consistent with its Net Zero commitments 
and the need to adapt to climate change, and avoid harmful lock-ins in emissions 
or stranded assets. An overshoot in emissions relative to the CCC pathway as the 
economy recovers from the pandemic – as occurred following the financial crisis 
of 2008 – can be avoided with the right policies (Box 4.2). 

b) Essential elements of the transition to Net Zero

While progress is needed across a wide range of areas in order to get on track to 
Net Zero, there are several indispensable parts to the transition. We have identified 
seven priority areas for the Government, within the approximately 200 
recommendations for the next year developed for this report, on which it is crucial 
that good progress is made. These are primarily focused on delivery: 

• Develop and implement a comprehensive policy package to enable the
delivery of the 2030 transition to electric vehicles, to build on the phase-out
announcement and the positive response from automakers and motorists.
This should include a full strategy for widespread deployment of charging 
infrastructure and a mandate requiring manufacturers to sell a rising 
proportion of zero-emission vehicles.

• Implement a comprehensive policy package for buildings decarbonisation,
and enshrine the long-term standards framework in regulation and law, to
finalise the roadmap for decarbonising the UK building stock.

• Implement comprehensive delivery mechanisms for landscape-scale land
use change for afforestation and peatland restoration and a high take-up
of low-carbon farming practices. This should cover mechanisms for private
and public financing and a strategy to address non-financial barriers.
Interim policies will be needed to avoid a hiatus in action while awaiting 
the implementation of the new mechanisms.

• Advance policy for manufacturing decarbonisation by establishing
incentive mechanisms to support fuel switching, implementing CCS
proposals, and initiating the development of product and construction
standards both to improve energy and resource efficiency and to develop
the option of managing carbon leakage by applying carbon policy to
imports.

• Continue auctions for low-carbon capacity, together with supporting
actions to enhance system flexibility, to deliver an emissions intensity of
50 gCO2/kWh or better in electricity generation by 2030.

• Deliver a Hydrogen Strategy that sets out a vision of the role of hydrogen on 
the path to Net Zero and the steps needed to realise it. The strategy should 
focus on hydrogen use in sectors that cannot decarbonise without it and 
low-carbon hydrogen production routes to 2035 with aims to start large-
scale hydrogen trials in the 2020s.

The economic recovery 
following COVID-19 should 
accelerate the transition to Net 
Zero, avoiding harmful lock-ins 
and an overshoot in emissions. 

Delivery priorities for the next 
year include EV charging 
infrastructure, a policy 
package for buildings 
decarbonisation, delivery 
mechanisms for land use 
change, comprehensive 
manufacturing policy, further 
auctions for low-carbon power, 
a hydrogen strategy and GGR 
support mechanisms. 
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• Enable domestic engineered greenhouse gas removals (GGR) to 
contribute to UK carbon budgets and Net Zero, and establish GGR support 
mechanisms and monitoring, verification and reporting (MRV) structures in 
the UK that ensure that GGR is timely, sustainable and verifiable. 

c) Gaps that must be addressed 

Our assessment of strategies and policies announced to date has identified 
specific key gaps that need to be addressed by Government policy: 

• Commit to phasing out unabated gas-fired electricity generation by 2035, 
subject to ensuring security of supply. Publish a comprehensive long-term 
strategy for unabated gas phase-out, including ensuring new gas plant are 
properly CCS- and/or hydrogen-ready as soon as possible and by 2025 at 
the latest, and thoroughly assessing the market challenges that will emerge. 

• Include contributions in the Net Zero Strategy from demand-side action – 
on aviation, a shift towards healthier diets and a switch away from cars 
towards active travel and public transport. This should be accompanied by 
public engagement to explain how low-carbon choices can contribute to 
Net Zero and wider co-benefits to health, and policy frameworks that seek 
to encourage and incentivise these changes.  

• Address with urgency the rising emissions from, and use of, Energy from 
Waste (EfW), including by ensuring that the capacity and utilisation of EfW 
plants is consistent with necessary improvements in recycling and resource 
efficiency, providing support to enable existing EfW plants to begin to be 
retrofitted with CCS from the late 2020s, and introducing policy to ensure 
that any new EfW plant are built either with CCS or are ‘CCS ready’. 

• The overdue Net Zero Aviation Strategy must set out credible pathways and 
policies to encourage technological development in the sector but also 
recognise the potential need to manage aviation demand in future, should 
improvements in sustainable aviation fuels and low-carbon aircraft fall short 
of Government and industry ambitions. An assessment of the UK’s airport 
capacity strategy and a mechanism for aviation demand management 
should be part of the aviation strategy. 

Section 4 of this chapter provides further insights into our assessment of progress in 
each sector, identifies policy priorities and gaps and provides context for the 
sectoral recommendations for the next year.  

  

Key gaps that must be 
addressed include phasing out 
unabated gas power 
generation, public 
engagement and encouraging 
behaviour change, addressing 
emissions from EfW and a Net 
Zero aviation strategy that 
addresses airport capacity. 
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Box 4.2 
Policy for a ‘green recovery’  

The pandemic and the public health response have had far-reaching consequences for 
the UK and global economy. As economies locked down, the world has seen recessions, 
lost jobs and higher Government debt.  

This has resulted in a shift in the underlying conditions for reducing emissions and adapting 
to climate change. Although we are now seeing the start of an economic recovery in the 
UK, with the Bank of England predicting a 7.25% increase in GDP in 2021, this follows on 
from a 9.9% decline in 2020.11 Government support to businesses and individuals affected 
by the pandemic has boosted the prospect of an economic recovery but also resulted in 
increased fiscal pressures (Government borrowing reached £355 billion in 2020-21 and is 
expected to be £234 billion in 2021-22). The pandemic has also highlighted existing wealth-
and health-inequality and opened up new dimensions of inequality that were previously 
perceived as being less significant (for example the ability to work at home, quality of 
housing, or access to gardens and green spaces). 

The Committee previously set out six principles to help guide the recovery in this 
economic context. These principles remain a useful framing for thinking about short and 
longer-term recovery from the pandemic:  

• Use climate investments to support the economic recovery and jobs. Government
can act to bring forward investment needed to reduce emissions and manage the
social, environmental and economic impacts of climate change, often without
direct public funding or by co- financing to accelerate private investment.

• Lead a shift towards positive long-term behaviours. There is an opportunity to
encourage a ‘leap forward’ rather than a return to business as usual, on some of the
new social norms resulting from the pandemic that benefit wellbeing, improve
productivity, and reduce emissions, especially for travel. Government can lead the
way through its own operations, public communications and infrastructure provision,
and investing in measures to facilitate social distancing on public transport.

• Tackle the wider ‘resilience deficit’ on climate change. Comprehensive plans to
reduce emissions and to prepare for climate change are not yet in place. Strong
policies from across Government are needed to reduce our vulnerability to the
destructive risks of climate change and to avoid a disorderly transition to Net Zero.
Business must also play its part, including through full disclosure of climate risks.

• Embed fairness as a core principle. The crisis has exacerbated existing inequalities
and created new risks to employment in many sectors and regions, placing even
greater priority on the fair distribution of policy costs and benefits. The benefits of
acting on climate change must be shared widely, and the costs must not burden
those who are least able to pay or whose livelihoods are most at risk as the economy
changes.

• Ensure the recovery does not ‘lock-in’ greenhouse gas emissions or increased
climate risk. It is right that actions are taken to protect jobs and industries in this
immediate crisis, but the Government must avoid ‘lock-in’ to higher emissions or
increased vulnerability and exposure to climate change impacts over the long term.
Support for carbon-intensive sectors should be contingent on them taking real and
lasting action on climate change, and new investments should be resilient to climate
change.

• Strengthen incentives to reduce emissions when considering fiscal changes.
Changes in tax policy can aid the transition to Net Zero emissions. Many sectors of
the UK economy do not currently bear the full costs of emitting greenhouse gases.
Revenue could be raised by setting or raising carbon prices for these sectors, and
low global oil prices provide an opportunity to offset changes in relative prices
without hurting consumers.

The UK has taken initial steps towards a green recovery, in line with the principles we set 
out: 

• Doubling the capacity to be contracted in this year’s Contract-for-Difference (CfD)
auction for renewable electricity to up to 12 GW.
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• An initial £250 million of funding out of a package of investment of £2 billion over five
years for new cycling and walking infrastructure and a £5 billion funding package
over five years to improve bus services and cycle links across the country.

• £40 million of funding for nature-based investments such as tree planting and
peatland restoration via the Green Recovery Challenge Fund, as well as a £10 million
Natural Environment Investment Readiness Fund to encourage private sector
investment in nature.

• £5 billion of investment over five years on flood protection.

• The Green Homes Grant scheme, which provided grants to support investments in
greening residential and public buildings, was announced in September 2020 with a
budget of £2 billion. However, it reached just 10% of the 600,000 homes it set out to
improve and was cancelled by the Government in March 2021. The Government
must learn from this experience to develop a replacement to the Green Homes
Grant that works (Box 4.3).

Other Government announcements could also contribute to fund a green recovery, if the 
right rules are developed and put in place: 

• A capital investment super deduction was announced in the March Budget, which
aims to bring forward capital investment in plant and machinery. The transition to Net
Zero will be capital intensive, but the super deduction in its current formulation does
not rule out investment in high-carbon assets, which could lead to lock-in of higher
emissions from these assets.

• The remits of the Bank of England’s Monetary Policy Committee (MPC) and Financial
Policy Committee (FPC) were updated to reflect the Government’s economic
strategy to achieve economic growth that is consistent with Net Zero. The MPC remit
update could tilt the preference of the central bank’s asset purchases towards low-
carbon assets, potentially lowering borrowing costs for these assets.

• A National Infrastructure Bank (NIB) with £12 billion in capital and the aim of funding 
£40 billion worth of public and private projects was announced, with a remit to
encourage Net Zero. The NIB is forecast to invest £1.5 billion a year12, only a fraction
of the investment previously provided by the European Investment Bank each year
(around £7 billion), which the UK lost access to after EU exit.

• The Government is issuing green sovereign bonds for the first time, committing to
issuing £15 billion worth of green bonds in 2021. The rules on what will count as green
spend have not been announced. This guidance should ensure that revenue raised
through green bonds is used to fund policies that will genuinely contribute to Net
Zero.

While fiscal pressures remain, overall UK investment continues to be low. More can be 
done to boost private investment and increase tax revenues while accelerating 
decarbonisation. Government announcements, while encouraging, do not go far 
enough to deliver the level of decarbonisation needed to achieve Net Zero.   
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4. Sectoral progress and next steps for policy

The Committee’s December 2020 report, Policies for the Sixth Carbon Budget and 
Net Zero, set out comprehensive proposals for policy development across all 
sectors. This continues to be a relevant guide to policy development. This section 
revisits key sectoral priorities and gaps identified in the Sixth Carbon Budget policy 
report and sets out progress since, in sectors where significant developments have 
occurred. There are no specific sections for shipping and F-gases as material 
progress has not occurred in these sectors since December 2020 – here the Sixth 
Carbon Budget policy report continues to be our most up to date assessment of 
progress and priorities. 

Based on this assessment we have put together approximately 200 
recommendations for UK Government departments and the devolved 
administrations. Key priorities within these recommendations were set out in section 
3 of this chapter, and the full lists of recommendations are in the Annex to this 
report. 

a) Surface Transport

We have set out the core requirements of a policy package in transport in the Sixth 
Carbon Budget policy report. The past year has seen considerable progress in the 
ambition and strategy for decarbonisation of the UK’s transport sector, although 
specific policies and delivery plans are now needed to deliver on this increased 
ambition. Key progress over the past year has included: 

• The commitment to a 2030 phase-out date for new petrol and diesel cars
and vans in the Government’s Ten Point Plan for a Green Industrial
Revolution. Provided the focus is on a transition to fully electric vehicles
(EVs) and the role allowed for hybrids is limited, this should deliver a
transition which meets our Sixth Carbon Budget trajectory and delivers cost
savings to society. Detailed supporting policies and implementation plans
are now required, including:

– A Zero-Emission Vehicle Mandate, requiring manufacturers to produce
a rising percentage of EVs each year, alongside more ambitious CO2

emissions regulations.

– Support continues to be offered for purchases of plug-in cars and has
been extended to 2022-23, although the maximum value of these
grants was recently reduced by £500 to £2,500. Sustained financial
support for the cleanest vehicles and disincentives to drive higher
emitting cars will help shift the market.

– The Ten Point Plan also confirmed plans to support the development of
UK-based EV supply chains (including giga-factories for battery
production) and to accelerate charge point roll-out with increasing 
focus on on-street charge points near homes and workplaces. A
coordinated national strategy for charging infrastructure is needed, to
ensure that provision is sufficient and appropriate across all regions of 
the country and that deployment is meeting the needs of the
consumers who rely on public charging (in particular those without
private off-street parking).

This section revisits key sectoral 
priorities and gaps identified in 
the Sixth Carbon Budget policy 
report and sets out progress 
since. 

The commitment to a 2030 
phase-out of new petrol and 
diesel cars and vans is 
welcome. The focus needs to 
be on fully battery-electric 
vehicles, rather than hybrids. 
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• The Gear Change strategy13 set out Government’s vision for increasing 
active travel and using modal shift as a cost-effective way of reducing 
transport emissions. 

– The focus on high-quality infrastructure that would provide an attractive 
alternative to car use and on delivery through Local Authorities 
(including recognition that different solutions will be appropriate for 
different areas) within this strategy are important. 

– Government should reinforce the increase in walking and cycling, and 
positive public responses to reduced air pollution, that occurred during 
the COVID-19 pandemic to deliver lasting longer-term travel 
behaviours. 

• The Bus Back Better strategy14 aims to improve services across the country, 
including through better connectivity, simplified fares and increased use of 
prioritisation measures, to encourage more people to use the bus, rather 
than the car, as we build back from the COVID-19 pandemic. 

– This strategy included funding for UK production and purchase of zero-
emission buses and was accompanied by a consultation15 on phasing 
out new sales of diesel buses. 

– Further empowerment of, and support for, Local Authorities is likely to be 
needed to deliver improvements to bus services and simultaneously 
continue driving zero-emission bus take-up. 

– The public transport sector will require particular support to rebuild 
public confidence in its safety and avoid a car-led recovery. Bus and 
train operators may need further support as social distancing rules 
reduce capacity and impact profitability. 

• The Scottish Government’s Climate Change Plan Update16 included a 
commitment to reduce car-kilometres by 20% by 2030. A comprehensive 
package of measures to support active travel, shared mobility and public 
transport, as well as reducing the need for some types of journey, will be 
needed to deliver this transformation. 

• The Welsh Government launched LLwybr Newydd: the Wales Transport 
Strategy,17 setting out its intention to improve the quality, reliability and 
affordability of public transport and provide better active travel and EV 
charging infrastructure to encourage people to switch to more sustainable 
modes of transport. 

• The Ten Point Plan also committed £20 million in initial funding for trials of 
zero-emission heavy-goods vehicles (HGVs) and promised an upcoming 
consultation on a phase-out date for new sales of diesel HGVs. 

– This funding is being made available through two innovation 
competitions – one18 proposing to test battery-electric trucks in real-
world operation, and a second19 to conduct pre-deployment planning 
for separate trials of an electric road system and hydrogen fuel-cell 
HGVs. 

 

 

Now is an opportunity to 
reinforce the increase in 
walking and cycling and 
positive public responses to 
lower air pollution following the 
pandemic. 

Public transport will need 
support to rebuild public 
confidence and avoid a car-
led recovery. 

Trials of zero-carbon HGVs will 
generate data on the best 
options for this sector. In the 
short-term, efficiency and 
logistics improvements are also 
needed. 
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– Separate development and demonstration projects have also received 
funding this year, including Advanced Propulsion Centre grants20 for 
development of electric HGV propulsion systems with better range and 
improved energy efficiency and a commitment21 to establish a 
hydrogen transport hub in the Tees Valley. 

The upcoming Transport Decarbonisation Plan is expected to provide further detail 
on how the Government plans to deliver Net Zero for the transport sector.  

Alongside this, it will be important to embed the positive behavioural changes that 
have been developed during the COVID-19 pandemic, but also to act decisively 
to mitigate those more negative consequences which could jeopardise the 
sector’s decarbonisation pathways. Key priorities as the economy emerges from 
the pandemic should be: 

• To restore confidence in and use of public transport. This is important not 
only for transport emissions, but to ensure all people have access to 
affordable and safe transport. 

• To prioritise funding away from car use. The costs of car travel have fallen 
relative to both average wages and to bus and rail.22 This needs to be 
rebalanced away from cars, the most carbon-intensive mode, and towards 
public transport and walking and cycling. 

• To encourage behaviours that reduce travel demand such as working from 
home or using technology in place of business trips. Prioritisation of 
investment in improved digital connectivity rather than road-building would 
help achieve this, contributing towards a greener recovery.  

• To encourage behaviours which improve efficiency of travel such as 
increased car sharing. 

b) Buildings 

We have set out the core requirements of a policy package in buildings in the Sixth 
Carbon Budget policy report. UK Government’s Heat and Buildings strategy, which 
was originally due by summer 2020, had not been published as this year’s Progress 
Report was being finalised.  

At its core, the strategy needs to set out the trajectory of standards on energy 
efficiency and heating emissions with policy proposals to deliver on this ambition in 
a way that works for households. It must signal a clear route to expanding heat 
pump and heat network supply chains now, while kicking off the process to clarify 
the role for hydrogen in any locations where it may be a viable option, as well as 
those where it is not. There are critical questions to resolve around who pays for 
buildings decarbonisation, along with considerations around how to ensure 
resilience measures are integrated and co-benefits (e.g. for health and fuel 
poverty alleviation) maximised. 

i) Key developments in the past year 

Strategy and implementation 
A number of important publications have been released over the past year 
including the Ten Point Plan, the Energy White Paper, the Scottish Government 
Draft Heat in Buildings Strategy, consultations on new build standards, the Northern 
Irish Energy Strategy consultation and the Welsh plan on tackling fuel poverty – 
amongst others. Developments have included the following:  

The Transport Decarbonisation 
Plan will be important in setting 
out how the Government plans 
to deliver Net Zero across the 
whole transport system. 

Key developments over the 
past year have included a 
commitment to phase out the 
installation of natural gas 
boilers by 2035 UK-wide, and to 
require zero or near zero 
carbon heating from as early 
as 2025 in Scotland.  
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• Owner occupier energy efficiency. The Scottish Government committed to 
consulting on detailed proposals for requiring owner-occupied private 
housing to meet Energy Performance Certificate (EPC) C at trigger points 
such as point of sale from 2023-25 onwards, with a backstop standard by 
2035. * UK Government consulted on a framework for lenders to disclose the 
energy performance of their portfolios, and on an associated target for all 
lenders to meet a portfolio average of EPC C by 2030. The Energy White 
Paper also announced a commitment to consult on regulatory measures to 
improve the energy performance of owner-occupied homes.  

• Private rented sector energy efficiency. UK Government consulted on 
requiring all properties with new tenancies to meet EPC C from 2025, with 
properties for all tenancies required to reach the standard by 2028. The 
Scottish Government also committed to requiring private-rented sector 
properties to meet EPC C by 2028. The 2020 Energy White Paper confirmed 
that the future trajectory for the non-domestic minimum energy efficiency 
standards will be EPC B by 2030 – BEIS are now consulting on proposals to 
tighten enforcement and an interim target. 

• Energy efficiency in social homes. The UK Government Social Housing White 
Paper commits to reviewing whether the Decent Homes Standard should 
be updated and how it can better support decarbonisation and energy 
efficiency. In Scotland, plans were announced to bring forward the review 
on strengthening the EPC B target. The Welsh Government launched the 
optimised retrofit programme to pilot approaches to retrofit. 

• Other commercial energy efficiency. BEIS have published proposals for a 
new in-use performance rating for commercial and industrial buildings over 
1,000 square metres, with a view to introducing standards on in-use 
performance based on the successful Australian NABERS scheme and in 
line with our advice. Success relies on absorbing lessons from the original 
scheme, including the role of public procurement in establishing the 
standard. 

• Metrics. UK Government published the EPC action plan examining the steps 
needed to improve the reliability, impact, and data infrastructure of EPCs. 
The Scottish Government also committed to consult on proposed reforms to 
EPCs in 2021. 

• New buildings. UK Government has announced an interim standards uplift 
for new homes to apply from 2021, and proposed to legislate in 2024 for the 
Future Homes Standard to be introduced in 2025. This standard will require 
carbon savings of 75% relative to today and the Government plans to 
consult on whether to end gas grid connections to new homes built from 
2025. UK Government have also consulted on the Future Buildings Standard, 
with implementation proposed as starting in 2025. Consultations have also 
been undertaken in the devolved administrations, with the Scottish 
Government targeting new buildings consented from 2024 for zero 
emissions heating (and cooling).  

 
*   A range of commitments here and elsewhere have been made around requiring homes to meet an EPC C 

standard, which is broadly consistent with the level of home insulation in our pathways, provided EPCs are made fit 
for purpose. This means that they must be designed to drive deployment of the necessary energy efficiency 
measures - all practicable lofts and cavities insulated alongside other low-regret measures, with solid wall insulation 
deployed where this supports low-carbon heat and wider benefits; to do so on a holistic basis (i.e. to address issues 
such as overheating and ventilation simultaneously); whilst not disincentivising low-carbon heat or treating onsite 
generation as a replacement for energy efficiency or low-carbon heat. See below for further discussion.  

BEIS and the Scottish 
Government have developed 
new proposals for energy 
efficiency standards for owner-
occupied homes, with further 
proposals from BEIS for an in-
use performance scheme for 
large commercial buildings. 

2271  



Progress in reducing emissions: 2021 Report to Parliament 166 

• Low-carbon heat. The Scottish Government have proposed regulations to 
require installation of zero or near zero emissions heating in existing buildings 
at trigger points (such as heating system replacement) from 2025, with a 
backstop requirement for all buildings to meet this standard no later than 
2045. UK Government have set an ambition for all newly installed heating 
systems from the mid-2030s to be low carbon, or appliances which can be 
converted to a clean fuel supply. UK Government have also announced an 
ambition to deliver 600,000 heat pump installations per year by 2028, 
alongside plans for hydrogen trials from 2023 and a plan to consult on the 
role of hydrogen-ready appliances. The details of the Green Gas Support 
scheme, supporting biomethane, have also been announced.  

• Heat networks. BEIS is finalising proposals for the £270 million Green Heat 
Network Fund, which will shift the focus away from gas Combined Heat and 
Power to lower-carbon networks. The Heat Networks Bill is going through the 
Scottish Parliament, including ambitious proposals for zoning. 

• Skills. The Green Jobs Taskforce was launched, with a commitment to 
publishing an action plan this spring.  

• Wood in construction. The England Trees Action Plan commits Government 
to developing a policy roadmap on use of timber in construction, to 
increase public demand for sustainably sourced timber through 
procurement policies and to conduct further research. 

A full table of progress to date against the CCC’s previous recommendations can 
be found in supplementary material published alongside this report. It should be 
noted that the ratings are assigned on the basis of UK progress, reflecting the 
majority position. For this reason they often do not, in isolation, reflect the pace of 
progress in the devolved administrations. Nevertheless, following publication of the 
Draft Heat in Buildings Strategy, it remains the case that Scotland demonstrates a 
strong example of action to develop an effective policy framework. We will 
comment on progress in Scotland in more detail in our Scottish Progress Report in 
late 2021. 

While important progress on ambition has been made or is imminent, effective 
policy has yet to be designed or implemented in many areas.  

Delivery and the Green Recovery 
The case for investing in buildings retrofit as part of economic recovery remains 
strong – there are major benefits in terms of emissions reduction, cost savings and 
wider benefits; it is labour-intensive and spread across the country. Fundamentally 
this is something that needs to happen on the path to Net Zero and supply chains 
are well below the levels they need to be at in order to deliver Government 
commitments on fuel poverty, energy efficiency and heat over the next decade. 

In recognition of these points, Treasury committed over £3 billion of public funding 
in the 2020-21 financial year, including over £2 billion grant funding for home retrofit 
and £1 billion funding for public sector decarbonisation.  

The very significant time constraints for spending the funding have led to mixed 
results, with severe consequences for the Green Homes Grant voucher scheme 
due to the requirement to undertake the work before payment is issued: 

• Where the decision was taken to commit spending by the end of the 
financial year but actually undertake the work in 2021/22, funds were 
successfully committed. This includes the £1 billion Public Sector 

HM Treasury committed over £3 
billion of public funding in the 
2020-21 financial year to 
buildings decarbonisation as 
part of the Green Recovery. 
This included over £1 billion for 
public sector decarbonisation, 
alongside home efficiency 
schemes. 

Significant time pressure and 
issues with the private sector 
contractor led to the £1.5 billion 
Green Homes Voucher scheme 
being scrapped prematurely 
with only £264 million allocated 
to date. 
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Decarbonisation Fund, the £500 million Local Authority Delivery programme 
for the Green Homes Grant, focussed on fuel poor, and the £50 million 
Social Housing Decarbonisation Fund Demonstrator. 

• The £1.5 billion Green Homes voucher scheme was conceived as the only
direct-to-household offer, with a requirement to undertake the work within
the 2020/21 financial year. Major delivery issues with the private sector
administrator led to the scheme cancellation in March 2021 with only £264
million allocated to date (of which £211 million to low income
households).23 The Government has agreed to honour existing vouchers
meaning a portion of the spend will fall under the 2021/22 financial year.

To avoid further harm to supply chains at this stage, it is essential that Government 
comes forward with plans for a successor to the Green Homes Grant voucher 
scheme in the next fiscal event– ensuring this time that it is thoroughly tested, 
provides a long-term funding commitment, and builds on lessons learnt (Box 4.3). 

The initial success of the public sector scheme means that there is a template to 
build on now. Our scenarios imply funding levels of £1 billion a year through the 
next decade, with a growing role for low-carbon heat alongside energy efficiency. 
The next stages must now pivot to longer-term planning cycles, with clear roles for 
local authorities backed by funding, and strong integration with wider heat policy 
including the heat networks roll-out. The funding streams must also be designed so 
as to be accessible to smaller public bodies, who anecdotally have not had the 
resources to bid into the Public Sector Decarbonisation Scheme and who have 
been affected by the merging of Salix funding with this pot.* 

Box 4.3 
Lessons from the Green Homes Grant 

The £1.5 billion Green Homes Grant voucher scheme opened for applications in 
September 2020, a few months after it was announced by the Treasury. It is the first 
publicly funded direct-to-household offer on home energy efficiency since the demise of 
the Green Deal scheme in 2015.  

The scheme aimed to improve the energy efficiency of over 600,000 homes, with grants 
focussed on fabric efficiency measures and low-carbon heating primarily. Grants of up to 
£5,000 were issued, covering two-thirds of the cost. Households in receipt of certain 
benefits were eligible for grants of up to £10,000, covering 100% of the cost of 
improvements. 

Lessons for the successor scheme 
There are a number of important lessons to take into account in the design of a successor 
scheme, along with an important positive story on demand: 

• Demand for the scheme. The scheme generated a significant amount of interest
from the public, with close to 2 million views of the Simple Energy Advice GHG
eligibility checker in a 4-month period and 170,000 measures applied for over seven
months. By comparison, only 20,000 measures were funded through Green Deal
loans between 2013 and 2015. Media reports covered people unable to apply due
to the lack of local approved suppliers. The fact that it was announced by the
Treasury may have helped raise the profile, along with the relative simplicity of the
basic offer to consumers.

• Timelines and the need for a policy package approach. From the outset there were
calls for the Treasury to extend the funding window beyond March 2021 to allow
supply chains time to scale up and provide more certainty to businesses to invest,
develop and retain skills in the sector. These calls were backed by significant

*  Salix funding provides Government funding to the public sector to improve energy efficiency, reduce carbon 
emissions and lower energy bills. Salix is funded by the Department for Business, Energy and Industrial Strategy, the
Department for Education, the Welsh Government and the Scottish Government. 

It is essential that lessons are 
learnt. Government must now 
come forward with plans for a 
successor scheme in the next 
fiscal event, committing to 
long-term funding and taking 
sufficient time to develop and 
test a scheme so that we get 
one which works. 

For the public sector, the key is 
moving now to longer term 
planning cycles, with clear roles 
for Local Authorities backed by 
funding, and strong integration 
with wider heat policy including 
the heat networks roll-out.  
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evidence of the negative impacts on home insulation markets from short-term 
subsidy schemes in England and Wales, including job losses of 30,000 following the 
end of the Green Deal. There is also evidence of poor-quality installations linked to 
the surge in funding in the final year of the Supplier Obligation schemes, which shows 
the impact of scaling up too quickly without the skills in place to deliver. Government 
can move forward by announcing a successor scheme in the next fiscal event 
alongside proposals for a timetable of standards, with funding designed to support 
market stability and long-term investment planning. 

• The need for testing with installers. The timelines for getting the scheme up and
running also put pressure on scheme development. In the £50 million Social Housing
Decarbonisation Fund Demonstrator fund launched in parallel, market testing had
already taken place through the Whole House Retrofit competition meaning there
was evidence to draw on. A key learning from the Green Homes Grant voucher
scheme is the need to workshop the consumer journey and practicalities with a
group of installers/practitioners covering the core trades. This could have flagged a
number of issues with the IT system including (but not limited to) the importance of
being able to track existing applications, the difficulties with delivery around
Christmas, and ways to streamline evidencing so as not to rely on consumers acting
following installation.

• Procurement and use of existing systems. The issues with the scheme contractor are
currently subject to review by the National Audit Office (NAO). There remain
important questions over the procurement and contracting, as well as the decision
not to make use of existing IT systems such as the one used on the ECO scheme, or to
make more use of existing commercial relationships and expertise, including through
local authorities.

• Accreditation. Households need to be confident that when they upgrade their
property they will see genuine improvements and technology that works.
Government has undertaken a considerable programme of work following the
recommendations of the 2014 Each Home Counts review to improve standards and
accreditation, notably through its support of the PAS2030 and PAS2035 standards
overseen by Trustmark. The Microgeneration Certification Scheme (MCS) similarly has
accredited installers of low-carbon heat under the Renewable Heat Incentive.
However, there were a number of issues with the accreditation process for Trustmark,
particularly for low-carbon heating measures already covered by MCS which
created bottlenecks in the supply chain and meant that consumer demand
remained unmet, with strong geographical variation.

It is essential that these lessons are taken into account in a successor scheme to create a 
long-term stable market which can deliver the major upgrade of the housing stock to 
EPC C over the next decade. 

Source: BEIS (2020) Press release: Greener homes, jobs and cheaper bills on the way as Government launches 
biggest  upgrade of nation's buildings in a generation; BEIS (2021) Official Statistics - Green Homes Grant voucher 
release, May 2021 

ii) Next steps for buildings decarbonisation

As part of our Sixth Carbon Budget advice we set out our view of the four 
necessary components of a policy package for the decarbonisation of heat in 
buildings: setting a clear direction, making low-carbon financially attractive, 
implementing enabling measures, and getting on with it.  

As summarised above, a number of important commitments have been made 
over the past year, but important gaps also remain at a UK level in every area: 

• A clear direction. We do not yet have a long-term trajectory of standards in
place to deliver the efficiency upgrades and fossil fuel phase-out that is
needed. There is not yet a sufficiently strong commitment to the role of
electrification – in particular, the current Government ambition of 600,000
heat pumps a year by 2028 will almost certainly fall short of the 2030 NDC 

Major gaps include a clear 
trajectory of standards on 
efficiency and heat; funding 
proposals and interventions to 
make low-carbon choices 
attractive; green buildings 
passports and a governance 
framework to drive decisions on 
heat infrastructure and zoning 
from the mid-2020s. including a 
role for area-based energy 
plans.  
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target (given the lack of any stated ambition on heat networks) as well as 
falling short of the Committee’s pathway to meeting the Sixth Carbon 
Budget.  

• Making low-carbon financially attractive. There is currently no plan for how
price signals will be reformed to drive low-carbon choices (i.e. to correct
the current distortions that work against electrification), and a number of
existing funding routes are set to fall away. A multi-year programmatic
funding regime is needed to replace them. In particular, there are major
risks given the lack of support mechanism for commercial heat pumps over
45 kW after the Renewable Heat Incentive closed to new applications. 
Grants of up to £4000 are unlikely to be sufficient for medium-sized
installations up to 45 kW given capital costs of £750-1550 per kW.* Equity
and consideration of the fair distribution of costs will be critical to designing 
the price signal reforms and funding programmes necessary.

• Enabling measures. While progress has been made, more is needed to
ensure householders have access to high quality information and can have
confidence that work will be delivered to high standards. The forward 
roadmap should include plans for incorporating in-use performance and
transitioning to green building passports.

– Government plan to increase the reliance on EPCs as a key policy
lever. As such it is critical they are made fit for purpose, robust and
enforceable and make use of energy consumption data. The EPC 
action plan is a positive step forward but further action is needed to
ensure EPCs and Standard Assessment Procedure (SAP) deliver the
energy efficiency measures needed and do so in a holistic way which
supports (rather than disincentivises) low-carbon heat deployment
and actively drives measures to simultaneously address ventilation,
damp and overheating (rather than simply communicating risks). 
Onsite generation, such as solar PV, should not be treated as a
substitute for energy efficiency or low-carbon heat, and needs to be
valued proportionately to its benefits (factoring in seasonality and any
on-site storage). Biomass boilers must not be encouraged in areas
where they will impact public air quality and biofuels in buildings
should be minimised (for example, through efficient use in hybrid heat
pumps rather than ‘drop-in’ biofuel boilers) given our assessment of
economy-wide best use being elsewhere.

– The reforms in the Buildings Safety Bill create a framework to improve
the efficacy of building regulations, including those relating to climate
change mitigation and adaptation.24 This should be strengthened
through an explicit responsibility for sustainability alongside buildings
safety and performance. It will be important to ensure the buildings
safety regulator is sufficiently equipped to monitor and enforce
compliance across all building regulations and to ensure that local
authorities are properly funded for enforcement activities.

– Barriers to deployment of key measures, such as the risk posed by the
current connection charging regime to the uptake of low-carbon
technology such as heat pumps, need to be addressed.

*  Range based on an air-to-air heat pump at the lower bound, and a low-temperature air-to-water heat pump at the
upper bound, Sixth Carbon Budget published dataset, available online. 

There is no support in place 
now for commercial heat 
pumps over 45kW – a key 
supply chain.  

EPCs are not fit for purpose – 
further reforms are essential. 

Other barriers need to be 
addressed, including poor 
compliance and enforcement 
and the risk of high connection 
charges. 

EPCs are not fit for purpose – 
further reforms are essential. 

2275  



Progress in reducing emissions: 2021 Report to Parliament 170

• Getting on with it. Recognition is needed of the importance of a
geographically planned approach to heat decarbonisation, with plans
introduced to deliver it. Commitments are lagging in areas with potential 
for early progress.

– There is an urgent need to formalise a governance framework to drive
decisions on heat infrastructure and zoning from the mid-2020s,
including a role for area-based energy plans. This should be
underpinned by a programme of research initiated in 2021 to identify
areas unlikely to be suitable for hydrogen (a key enabler to efficiently
targeting early electrification and network development) alongside
priority candidate areas for hydrogen.

– Levers such as the 2021 buildings standards uplift have potential to drive
early growth in heat pumps, but it remains unclear to what extent they
will do so. 

The priority now must be on implementing a comprehensive policy package, and 
enshrining the long-term standards framework in regulation and law, to finalise the 
roadmap for decarbonising the UK building stock. 

Progress in decarbonising buildings must go hand in hand with adapting them to 
the changing climate. An integrated approach to housing and thermal comfort is 
required to manage overheating risk and ensure good ventilation.* Programmes to 
improve energy efficiency of the housing stock provide an opportunity also to 
undertake work to adapt properties to possible heat and flood risks and improve 
water efficiency. 

c) Manufacturing and construction

This year has seen a substantial increase in the Government’s stated ambition on 
decarbonisation of manufacturing. However, progress on developing and 
delivering policy has been slower than required with large gaps in policy 
remaining. 

i) Progress in the past year

In March, the Government’s Industrial Decarbonisation Strategy (IDS) set out 
ambition to reduce emissions from manufacturing and refining by around two 
thirds by 2035 from 2018 levels. This represents a substantial step forward in the 
Government’s ambition, but it is still below the CCC pathway, in which the 
equivalent emissions are reduced by 73% by 2035.  

Underlying this ambition, the Government has made several commitments in the 
past year to deliver fuel switching, CCS and energy and resource efficiency, 
through the IDS, Waste Prevention Programme and business model updates. 

• Fuel switching. The IDS set an ambition that at least 20 TWh of fuel use will 
switch to low-carbon energy by 2030, which is close to, but below, the 24.5
TWh in the CCC pathway. 

*  High levels of energy efficiency measures installed in new and existing homes can increase the retention of heat 
and airtightness of the building. This can increase the risk of overheating and exposure to indoor air pollutants if 
appropriate adaptation and ventilation measures are not implemented at the same time. 

It will be difficult if not 
impossible to develop the full 
mix of heat options (i.e. low-
carbon heat networks and 
hydrogen alongside building-
scale technology) without any 
planning or clear roles for local 
authorities, networks and other 
actors. 

Climate adaptation and 
resilience is an essential part of 
this, including good ventilation 
to manage overheating risks, 
green sustainable urban 
drainage systems and water 
efficiency measures. 

The Government’s Industrial 
Decarbonisation Strategy set 
out ambition to reduce 
emissions from manufacturing 
and refining by around two 
thirds by 2035 from 2018 levels. 
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– Hydrogen. Government has committed to consult on a hydrogen 
supply business model that would incentivise hydrogen use by
subsidising the cost of hydrogen production. 

– Electrification. Government has made a smaller commitment to ‘set out
initial steps to support uptake of electrification’. It also committed to
publish a call for evidence on energy affordability and fairness, by April 
2021, which may consider the distribution of energy levies and taxes.

– Mandatory requirements. Government has committed to explore the
option of making it a mandatory requirement for upgraded equipment
to be low-carbon ready in the 2020s, which is also likely relevant to CCS.

• CCS. The IDS set an ambition for around 3 MtCO2e of industrial CCS by 2030,
which is broadly in line with the CCC pathway* The Government also set
out a ‘minded to’ position for an industrial carbon capture business model, 
although some aspects of the model are yet to be detailed.

• Resource and Energy Efficiency. The Waste Prevention Programme
consultation proposed policies to improve resource efficiency, although the
sectoral scope of these proposals is often limited, the pace of proposals 
modest and the emissions impact is not estimated. Further details are set
out in sub section (f) on waste. Government also agreed an updated set of
Climate Change Agreements with industry to encourage energy efficiency.

• Material Substitution. The England Trees Action Plan commits Government
to developing a policy roadmap on use of timber in construction and to
increase public demand for sustainably sourced timber through
procurement policies.

Government has also set out several plans that could provide cross-cutting support 
for different decarbonisation measures and maintaining industrial competitiveness: 

• Carbon and energy pricing. The UK Emissions Trading System (UK ETS)
launched at the start of the year. Government has committed to consulting 
by September 2021 on a cap for the UK ETS consistent with the Sixth Carbon 
Budget.

• Product standards. Government has committed to a call for evidence on
low-carbon industrial product standards within a year, highlighting the
potential for mandatory standards to be introduced in the mid-to-late
2020s.

Government has made mixed progress with awarding existing capital funding. 
£170 million was awarded from the Industrial Decarbonisation Challenge, but 
progress awarding funding from the £315 million Industrial Energy Transformation 
Fund has continued to be too slow since its announcement in October 2018 and 
the £250 million Clean Steel Fund appears to have made no progress. 

Overall, while progress has been made, development and delivery of policy to 
decarbonise manufacturing and construction will need to broaden to fill several 
policy gaps, and accelerate if it is to deliver abatement levels consistent with the 
CCC pathway. 

* Note that this 3MtCO2e of CCS includes CCS on refineries which falls within our Fuel Supply sector. We have
compared to our pathway on an equivalent basis. 

Government has set out a 
‘minded to’ business model for 
industrial carbon capture, but 
only and small commitment to 
‘set out initial steps to support 
uptake of electrification’. 

The Waste Prevention 
Programme consultation 
proposed policies to improve 
resource efficiency. 

Government has committed to 
consult on a target-consistent 
cap for the UK ETS and a call 
for evidence on product 
standards. 

Overall, while progress has 
been made, development and 
delivery of policy to 
decarbonise manufacturing 
and construction will need to 
broaden and accelerate. 
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ii) Next steps on manufacturing and construction policy

Our Sixth Carbon Budget policy report set out the core requirements of a policy 
package for decarbonising manufacturing and construction. In this subsection, we 
set out key near-term policy actions required to deliver the longer-term actions 
recommended in our Sixth Carbon Budget advice. Full details are set out in the 
tables of departmental policy recommendations at the end of this report. These 
policy actions should address the shortfalls of existing decarbonisation policy for 
manufacturing and construction, and ensure longer-term policy has the right 
ambition, delivers key measures, strengthens incentive mechanisms, maintains 
industrial competitiveness, and develops infrastructure and skills.  

Ambition 
Government has stated that it will revisit its ambition for decarbonisation of 
manufacturing and refining in its Net Zero Strategy. It should take this opportunity to 
align its ambition with the CCC pathway for manufacturing or identify other areas 
of the economy to make up for this shortfall. The strategy must also set out the 
Government’s ambitions and plans to decarbonise off-road mobile machinery. 

It should also set out which policies will enable this ambition and quantify how 
much abatement Government expects to be enabled by each policy, particularly 
for resource and energy efficiency abatement through the 2020s. 

Delivering specific measures 
Government should establish incentive mechanisms to support fuel switching, 
implementing CCS proposals and initiating the development of standards to 
improve energy and resource efficiency. The Government should: 

• Establish funding mechanism(s) to support operational and capital costs of
both electrification and hydrogen use in manufacturing, as soon as
possible, with the aim of awarding funding in 2022. It should also deliver
industrial carbon capture contracts to enable final investment decisions on
the first industrial carbon capture projects in the first half of 2022. 

• Consult on detailed proposals for product standards and extended
producer responsibility to improve the resource efficiency of consumer
goods’ lifecycles by spring 2022. It should also implement policies to drive
more resource-efficient construction and use of existing low-carbon
construction materials, including a substantial increase in the use of timber
in construction, on the same timetable. This should include finalising the
reporting methodology for whole-life carbon standards for buildings, roads
and infrastructure.

Cross-cutting incentives and maintaining competitiveness 
Government should also work towards strengthening its cross-measure incentive 
mechanisms and start to develop the crucial framework for maintaining long-term 
competitiveness, which will require development of measurement standards.  

The Government should: 

• Set a cap for the UK ETS consistent with the path through the Sixth Carbon 
Budget to Net Zero. It should also reform energy and carbon pricing for 
manufacturers not covered by the UK ETS, to provide a clear and 
strong incentive for decarbonisation. 

Government should establish 
incentive mechanisms to 
support fuel switching, 
implementing CCS proposals 
and initiating the development 
of standards to improve energy 
and resource efficiency. 

Government should also work 
towards strengthening its cross-
measure incentive mechanisms 
and start to develop the crucial 
framework for maintaining 
long-term competitiveness, 
which will require development 
of measurement standards. 
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• Consult on reforms to electricity pricing to remove disincentives to
electrification, based on consideration of the strategic and fair allocation
of legacy policy costs associated with past deployment of less-mature low-
carbon electricity generation. It should also consider the balance of
existing taxes, such as the Climate Change Levy, on different energy
sources.

• Start to develop the options of applying either border carbon tariffs or
minimum standards to imports of selected emissions-intensive products. This
should include developing carbon-intensity measurement standards,
encouraging the international development of these (e.g. through the G7
and COP26 presidencies) and fostering international consensus around
trade policies. 

Infrastructure, skills and jobs 
Implementation of manufacturing decarbonisation will require development of 
supporting policies on infrastructure and skills, and a focus on jobs. The 
recommendations tables in the annex of this report detail our recommendations in 
full, capturing their cross-sectoral and cross-departmental nature: 

• On infrastructure, Government should deliver the CCS Transport and 
Storage Regulatory Investment Model; develop plans for CO2 transport from
dispersed sites; deliver plans to ensure electricity networks can
accommodate large localised increases in demand; and formalise the
process for decisions on the conversion to hydrogen of (zones of) the gas 
networks.

• On skills and jobs, Government should develop a strategy for the
development and roll-out of manufacturing training and skills and design
industrial decarbonisation policies to support and create jobs, especially in
regions with reliance on industrial jobs.

d) Agriculture and land use

While the UK Government and the devolved administrations have set out elements 
of their ambition to reduce emissions from land, there has been limited 
implementation of policy in these sectors over the past year. Key announcements 
on peat and trees in England were published in their respective Action Plans in 
May 2021.25  

i) Progress in the past year

Trees 
The UK Government has committed26 to the planting of 30,000 hectares of 
woodland per year by 2025 across the UK, in line with the CCC pathway: 

• England’s share is around 7,000 hectares per year based on Defra’s
commitment to treble tree planting rates from the 2,340 hectares achieved
in 2019/20.

• The Scottish Government intends to deliver 18,000 hectares per year by
2024/25.27 The Welsh Government’s current ambition remains at 2,000
hectares a year, with a commitment to increase that to 4,000 hectares by 

Implementation of 
manufacturing 
decarbonisation will require 
development of supporting 
policies on infrastructure and 
skills and a focus on jobs. 

UK Government’s afforestation 
targets are in line with the CCC 
pathway for 2025. 
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an unspecified time. Northern Ireland’s target of 18 million trees during this 
decade averages 900 hectares per year.28  

£500 million from the Nature for Climate Fund will be the main source of public 
funding to meet England’s woodland creation target to 2025. This will provide 
grants for conventional planting in urban and rural areas (including trees on farms), 
as well as natural colonisation. Focus will be given to the planting of native 
broadleaves, and extra funding will be provided for planting that can deliver wider 
benefits such as riparian shading (trees planted along water courses can reduce 
the risks to freshwater species from higher water temperatures), biodiversity, water 
filtration and flood risk alleviation.  

To meet the 2024/25 afforestation target in Scotland, Scottish Forestry will receive 
£100 million, £30 million will go to Forestry and Land Scotland and £20 million to 
boost tree nursery capacity. Northern Ireland launched the £4 million Small 
Woodland Grant Scheme at the end of 2020 to encourage the integration of trees 
on farmland.   

Peat 
Defra’s new £50 million Nature for Climate Peatland Grant Scheme funded by the 
Nature for Climate Fund will support the Government’s target for restoring 35,000 
hectares of peatland in England by 2025. Of this area, around 5,000 hectares is 
expected to come from the restoration of lowland agricultural land to peat 
habitat. 

This falls short of the Committee’s pathway for the restoration of 56,000 hectares of 
peatland in England by 2025, which includes 8,000 hectares of lowland rewetted 
to peat habitat.  Defra is expected to publish details on the options to manage 
sustainably the area of lowland peat that remains in agriculture in 2022. 

Legislation introduced in May 2021 prevents the rotational burning of certain 
blanket bog sites in England with immediate effect. * The partial ban covering an 
area of around 142,000 hectares accounts for around 40% of all blanket bog in 
England.29 Of the area covered by the ban, around 52,000 hectares hold a live 
consent to burn, with the remainder either being subject to a consent that is not 
exercised or has no current relevant consent. This partial ban is less ambitious than 
our recommendation that all rotational burning in England and the devolved 
administrations should cease immediately. Data on the area of land that is burned 
each year is poor as the requirement to notify the authorities only covers newer 
consents. 

The sale of peat in compost is to end in England by 2024 subject to a consultation 
later this year on a range of measures to achieve this. The consultation will also 
consider extending the sales ban to the professional market, by an as yet 
unspecified date. These proposals are less ambitious than our recommendation 
that all peat extraction, along with its sale in both the amateur and professional 
horticultural market should end by 2023. This should also apply to imported peat, 
which makes up two-thirds of peat sold in the UK.  

In Wales, between 600-800 hectares of peat will be restored annually between 
2020 and 2025 under the Government’s National Peatland Action Programme 
(NPAP). Launched in November 2020, around 680 hectares was directly delivered 
through the NPAP in 2020/21.  

 
* Sites of Special Scientific Interest that are also a Special Area of Conservation or a Special Protection Area. 

£500 million of funding has 
been committed through the 
Nature for Climate Fund to 
meet England’s woodland 
creation target. Scottish 
Forestry will receive £100 million 
to reach its afforestation target 
and Northern Ireland launched 
a £4 million Small Woodland 
Grant Scheme. 

The Government’s peat 
restoration commitments for 
England falls short of the CCC 
pathway. 

The Government’s partial ban 
on rotational burning of peat is 
less ambitious than the CCC’s 
recommendation that all 
burning in England and the 
devolved administrations 
should cease immediately. 
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Agriculture  
Defra is funding pilots under the Sustainable Farming Incentive (SFI) this year ahead 
of a national roll-out in 2022. The SFI, which is part of the new Environmental Land 
Management Scheme (ELMS) will see farmers pilot actions focused on delivering 
eight land-based management standards covering arable land, grasslands, 
horticultural soils, hedgerows, agroforestry and water buffers. In addition to 
delivering emissions reduction and carbon sequestration, many of the actions will 
deliver other benefits such as improved wildlife habitat, reduced diffuse water 
pollution and improvements to air quality. 

The Welsh Government introduced legislation to extend coverage of Nitrate 
Vulnerable Zones to all of Wales in line with our recommendation. In force since 
April this year, mandatory measures covering manure management and fertiliser 
use to reduce nitrate run-off into water courses will also deliver reductions in N2O 
emissions.  

Nature 
Defra recently announced it will be amending the Environment Bill to require a 
legally-binding target for species abundance, aiming to halt the decline of nature 
by 2030.30 This will apply to species within protected sites, the wider countryside 
and urban areas. The exact target level and broader details will be set in 
secondary legislation following consultation and further evidence gathering. 

ii) Next steps for decarbonising agriculture and land use 

Existing ambition in England and the devolved administrations falls short of the 
trajectory needed to meet the Sixth Carbon Budget on the path to Net Zero. 
Ambition needs to be raised and gaps addressed quickly as delayed action now 
puts future targets at risk given the time profile of carbon sequestration. Policy 
voids should be addressed quickly (e.g. what will replace the Common Agricultural 
Policy in Scotland and Northern Ireland): 

• Defra and the devolved administrations should set out targets for woodland 
creation and peat restoration beyond 2025. These bodies should work 
together to ensure that the combined levels are in line with the UK ambition 
set out in our Sixth Carbon Budget Advice (e.g. 30,000 hectares of new 
woodland each year from 2025, increasing to 50,000 hectares in 2035). 

• Authorities should develop and implement further mechanisms to leverage 
private sector finance to help support woodland creation and peat 
restoration targets in England and the devolved administrations. This 
includes increasing participation in the Woodland Carbon Guarantee, and 
assessing the scope for and merits of including trees and peat in the UK 
Emissions Trading Scheme. Further development of the Peatland Code is 
needed to widen eligibility to a range of peatlands and enable 
accreditation by the UK Accreditation Service. 

• The Sustainable Farming Incentive pilots are currently focused on land 
management actions. The pilots should be extended to include the full 
range of available low-carbon farming measures set out in our Sixth Carbon 
Budget advice, aimed at reducing other sources of emissions (e.g. enteric 
emissions from cattle and sheep). Future piloting of the Local Nature 
Recovery and Landscape Recovery schemes, which make up the other 
two ELM schemes should incentivise landscape-scale change such as 
afforestation and peat restoration. 

Pilots focused on delivering 
eight land-based 
management standards are 
being funded through the 
Sustainable Farming Incentive 
ahead of national roll-out in 
2022. 

Ambition in England and the 
devolved administration falls 
short of what is needed to 
achieve the Sixth Carbon 
Budget and Net Zero. Gaps 
must be addressed quickly 
given the time profile of carbon 
sequestration. 
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• Legislation to ban rotational burning of all upland peat sites in England (and 
elsewhere in the UK) should be expediated to come into force before the 
start of the burn season in October 2021. The ban on horticultural peat sales 
(including imports) should cover both the amateur and professional 
markets and be brought forward to start in 2023 – a year earlier than 
planned. Damaging peat extraction practices should stop for all uses by 
2023. These recommendations apply to all of the UK. 

• The ongoing Industrial Strategy Fund for agriculture (i.e. Transforming Food 
Production Challenge), and the roll-out of future productivity schemes such 
as Defra’s Farming Investment Fund and the Innovation Research and 
Development Scheme must cover funding of measures to improve 
agricultural productivity while reducing the GHG impact of farming.  

• Measures to address non-financial barriers to increase the take-up of low-
carbon farming practices and land-use change need to be addressed. For 
example, both England and Scotland’s respective Plans identified a range 
of barriers that could impede the planting of more trees, and work must 
now proceed to find solutions to address these.   

• The Scottish Government should develop a new rural support scheme that 
builds towards its climate goals. The Northern Ireland Executive should set 
out the future direction of its post-CAP policy and how this will be used to 
deliver emissions reduction and carbon sequestration in the sector. 

e) Electricity Supply 

The Sixth Carbon Budget report set out the key elements of a policy package to 
fully decarbonise electricity generation. That includes the need to follow the coal 
phase-out with phase-out of unabated gas generation while keeping pace with 
growing demand from electrification, by deploying variable renewable generation 
at scale, developing markets for dispatchable low-carbon capacity, and ensuring 
that the enabling infrastructure and market arrangements are in place to 
accommodate this. 

i) Progress in the past year 

The main policy developments in the past year have been the publication of the 
Government’s Ten Point Plan and Energy White Paper, which committed to 
increasing the capacity of offshore wind significantly over the coming decade. 
Progress was also made around the processes for delivering this, and on the 
longer-term future of electricity markets. 

• Ten Point Plan and Energy White Paper. These included headline 
commitments to increase the level of offshore wind capacity four-fold by 
2030, to make onshore wind and solar eligible for low-carbon contracts 
once more, and to take forward carbon capture utilisation and storage 
(CCUS), nuclear, and demand-side flexibility. 

– Offshore wind. The Government committed to increasing capacity of 
offshore wind from 10 GW today to 40 GW by 2030. That includes 1 GW 
of floating offshore wind, which is likely to be increasingly important 
over the period to 2050. 

– Low-carbon auctions. The Government confirmed that the fourth 
round of auctions for low-carbon electricity will take in place in late 
2021. These will now include onshore wind and solar, and the capacity 

Gaps in ambition and policy 
include targets for woodland 
creation and peat restoration 
beyond 2025; extending the 
Sustainable Farming Incentive 
pilots to additional low-carbon 
farming measures; expediting 
legislation to ban rotational 
burning of all upland peat and 
ending the sale of peat for all 
horticultural use by 2023. 

The Government has 
committed to increasing 
offshore wind capacity from 10 
GW today to 40 GW by 2030, 
and to support power CCUS 
and additional nuclear 
investment. 
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limit has been doubled to 12 GW compared to the last auction round 
in 2019. 

– Power CCUS, nuclear, and demand-side flexibility all featured 
additional commitments to: 

• Support at least one power CCUS project by 2030. Currently, only 
new power plants above 300 MW are required to be CCS-ready. The 
White Paper commits to removing this distorting threshold. 

• Bring at least one large-scale nuclear plant to point of Final 
Investment Decision this Parliament, and to provide up to £385 
million of funding to develop a Small Modular Reactor (SMR) design 
and to build an Advanced Modular Reactor (AMR) demonstrator. 

• Publish a new Smart Systems Plan and a new Energy Data Strategy 
in 2021, to unlock more of the potential for demand-side flexibility. 

• Offshore Transmission Network Review. Following our recommendation in 
the 2020 Progress Report, the Government has commissioned a review of 
the regime for connecting offshore projects to the onshore electricity 
network. This will explore whether a more coordinated approach for 
connections would be cost-effective in the context of increased ambition 
for offshore wind. 

• Call for evidence on market design. A future electricity system with high 
shares of variable renewable generation is likely to require a different 
market design compared to the current arrangements. This call for 
evidence aimed to understand more about how to continue to maintain 
deployment of renewable generation at scale while minimising costs and 
supporting innovation in a high-renewable system. 

ii) Next steps for decarbonising electricity generation 

The Ten Point Plan and Energy White Paper made a significant step towards a low-
carbon electricity system with the commitment to 40 GW of offshore wind by 2030. 
However, gaps remain and further policies are needed to meet the Sixth Carbon 
Budget. Priorities include: 

• Unabated gas phase-out. The Government should commit to phasing-out 
the use of unabated gas for electricity generation by 2035, subject to 
ensuring security of supply. It should publish a comprehensive long-term 
strategy in 2021 for achieving this. That should include through developing 
and deploying CCUS and hydrogen in electricity generation, and by 
ensuring new gas plant are properly CCUS- and/or hydrogen-ready as soon 
as possible and by 2025 at the latest. 

• Renewables delivery. While the Government has committed to regular 
auctions for low-carbon electricity, it should set out a schedule and clear 
pathway of volumes to be procured in order to provide visibility to the 
supply chain. It will need to address potential barriers to deploying and 
using low-carbon generation at scale (e.g. the planning and consenting 
regime for renewables and networks). 

• Networks. The CCC Pathway has a 50% increase in electricity demand by 
2035 and a two-to-three-fold increase by 2050 as the economy increasingly 
electrifies. The Government will need to work with Ofgem to deliver the 

The Government has 
commissioned a review of the 
regime for connecting offshore 
projects to the onshore 
network. 

The Government should 
commit to phasing-out the use 
of unabated gas for electricity 
generation by 2035, subject to 
ensuring security of supply. 

Barriers to delivery will need to 
be addressed, and investment 
will be needed to ensure 
networks can accommodate 
higher demand. 
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strategic investment required to ensure that electricity networks can 
accommodate this. 

• Market design. Given lead times for potential changes to market 
arrangements, the Government will need to go beyond their recent call for 
evidence and develop a strategy as soon as possible on market design for 
the medium- to long-term for a fully decarbonised, resilient electricity 
system in the 2030s and onwards. 

f) Fossil fuel supply 

We previously set out the core requirements of a policy package for fuel supply in 
the Sixth Carbon Budget Policy report. 

i) Progress in the past year 

The key development in the past year has been the North Sea Transition Deal 
(NSTD), which commits to reducing the greenhouse gas footprint of North Sea oil 
and gas production and processing by 50% by 2030 relative to 2018 levels. This 
target is less ambitious than our Sixth Carbon Budget recommendation of reducing 
emissions by 68% for the same period (Figure 4.4). We strongly advise that ambition 
on reducing emissions from North Sea fossil fuel production and processing be 
strengthened to be consistent with the CCC Pathway and the Sixth Carbon 
Budget: 

• The commitment for a reduction in emissions occurs in the context of 
declining oil and gas production in the North Sea. While it is difficult to 
forecast precise levels of production out to 2030, our baseline scenario – 
before actions to reduce the footprint of production – implies a 37% 
reduction in emissions by 2030 on 2018 levels. 

• Electrification offers opportunities to reduce emissions from fossil combustion 
emissions associated with oil and gas production, by a further 17% of 2018 
emissions. However, the degree of electrification assumed in the NSTD 
targets falls short of our estimate for cost-effective action. Stronger action is 
needed to reduce the emissions footprint of fossil fuels consumed in the UK. 

• The CCC Pathway sets out a further 8% of emissions reductions from 2018 
levels through measures to reduce flaring and venting. The NSTD also falls 
short of this level of ambition – by aiming to only permit flaring and venting 
for safety reasons by 2030. We have recommended this should be done by 
2025, which would contribute to accelerating the pace of emissions 
reductions in the sector.   

• The announcement of ‘climate compatibility checkpoint’ reviews prior to 
licensing rounds can ensure new fossil fuel production is consistent with the 
UK’s climate commitments, including zero direct emissions from energy use 
by 2027. These reviews would need to present a transparent and coherent 
case for there to be a potential justification for proceeding with new 
licenses.    
 

 

The Government should start 
planning for the market 
arrangements needed for a 
fully decarbonised electricity 
system in the 2030s. 

The targets of the North Sea 
Transition Deal should be 
strengthened. 
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Figure 4.4 Emissions reductions in oil and gas 
production and processing in the CCC Pathway 
& the North Sea Transition Deal 

Source: CCC analysis, BEIS (2021) North Sea Transition Deal. 
Notes: Abatement in oil and gas production reflects emissions reduction from oil and gas platforms and processing 
terminals but does not include LNG terminals or compression stations. 1. North Sea Transition Deal residual emissions 
assume 50% emissions reductions from 2018 levels. 

ii) Next steps for fossil fuel production

Meeting Net Zero will involve transitioning almost entirely away from the unabated 
use of fossil fuels. Indeed, the CCC pathway set out in the Sixth Carbon Budget 
entails unabated fossil fuel use falling from 1,750 TWh in 2019 to 110 TWh in 2050, 
with use in 2050 limited predominantly to aviation. 

Specifically, petroleum use in the CCC pathway decreases by 85% in 2050, by 
which time oil products are combusted exclusively used in aviation. In a similar 
vein, unabated gas is only 3 TWh by 2050, which represents less than 1% of current 
gas use.  

As the energy system transitions towards low-carbon energy carriers such as 
hydrogen, low-carbon electricity and bioenergy, some fossil fuels can be used in a 
way that is consistent with UK targets: 

• Unabated gas use and oil should decline by 62% in 2035 to be consistent
with the Sixth Carbon Budget. However, some oil will still be needed, 
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predominantly in surface transport (135 TWh), aviation (123 TWh) and 
shipping (42 TWh). 

• In addition, there is uncertainty on the role of fossil gas in the UK, as some 
sectors are likely to use gas with carbon capture and storage (CCS) as a 
means to decarbonise. Our analysis found that 50 to 105 TWh could be 
used across the economy in 2035, with that range widening further in 2050 
from 60 to 445 TWh.31 As use of fossil gas with CCS only reduces emissions by 
up to around 85% compared to unabated fossil gas use, use of zero-carbon 
energy is preferable where it can feasibly be deployed. 

Remaining fossil fuel use in the UK will need to consider the emissions footprint 
associated with oil and gas production in order to limit the impact on GHG 
emissions: 

• The Sixth Carbon Budget requires the emissions of UK oil and gas production 
and processing to fall by 87% in 2035, relative to 2018 levels. For the same 
year, active efforts to move towards electrification and reduced methane 
flaring and venting should contribute to reducing emissions by 22% and 6% 
respectively below 2018 levels, beyond the expected decline in oil and gas 
production.    

• However, current projections of the North Sea oil and gas production 
suggest it is unlikely to be sufficient to meet future UK needs. This suggests 
that there is likely to continue to be a need for some additional fossil fuel 
supply and/or imports of Liquified Natural Gas (LNG).  

• Given the demand for fossil fuels during the transition, it will be important to 
consider the upstream emissions from oil and gas production in the UK 
against those of imports in order to limit the impact on global GHG 
emissions. Implementation of standards on the emissions footprint of fossil 
fuels supplied for UK use could both drive reductions in fossil fuels supply 
emissions in countries supplying fuels to the UK and provide a level playing 
field for UK production that means more stringent standards than 
embodied in the NSTD can be implemented without losing market share. 

Reducing demand for fossil fuels and the emissions footprint of UK oil and gas 
production and processing are key to limiting the impact on global GHG emissions, 
reinforcing the need for more ambitious targets that more closely align to a 68% 
emissions reductions in 2030 against 2018 levels.   

g) Waste 

Our Sixth Carbon Budget advice set out the policies and measures required to get 
the waste sector on track to deliver the UK’s pathway to Net Zero. The Government 
has made progress in some of these areas but there are still key gaps which must 
be addressed quickly. 

i) Progress in the past year 

Government has made some progress in developing policies to deliver on its 2018 
Resources and Waste Strategy for England, which set out its ambition to double 
resource efficiency and eliminate avoidable wastes by 2050, achieve 65% 
municipal recycling by 2035 and eliminate food waste to landfill by 2030. 

Reducing the footprint of fossil 
fuel use is crucial to limit the 
impact on global GHG 
emissions. 
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Defra’s Waste Prevention Programme, which was launched for consultation in 
March 2021, is central to this. It includes several measures aimed at driving more 
resource-efficient approaches to product design and consumer behaviour, 
including: 

• Extended Producer Responsibility (EPR) schemes for several key waste 
streams so that producers bear the cost of waste disposal, incentivising 
more efficient and sustainable product design. 

• New product standards and product information to reflect how reusable, 
recyclable and repairable a product is, with the aim of minimising 
premature obsolescence.  

• A plastics tax and new charges on certain single-use plastic items. 

Also, as mentioned under the section on manufacturing and construction, BEIS 
published their Industrial Decarbonisation Strategy which sets out a number of 
measures to improve resource efficiency, including: 

• Exploring low-carbon product standards and labelling which will consider 
embodied carbon, as well as broader environmental impacts. 

• A £30 million UKRI Circular Economy Research Programme aimed at 
working with industry to develop new approaches to resource efficiency. 

However, despite this progress, delivery timelines are too slow, policy is weak in 
some areas and key gaps remain. For example: 

• The Environment Bill, which contains key powers to deliver on the Resources 
and Waste Strategy and Waste Prevention Programme, has been delayed 
and is yet to be passed into law. 

• The Waste Prevention Programme itself is only now out for consultation – 
over two years after the Resources and Waste Strategy was published, 
while specific consultations on key elements of the programme, such as 
some Extended Producer Responsibility schemes, are not expected for a 
number of years. 

• A number of aspects need to be strengthened, in particular raising the level 
of recycling targets, increasing the plastics tax threshold and extending the 
commitment to end landfilling of food waste to cover all major 
biodegradable waste streams – and implementing this in 2025 rather than 
2030. 

Of particular concern is a lack of policy or guidance governing the use of, and 
emissions from, Energy from Waste (EfW) plants. If EfW usage is left to grow 
unchecked, EfW emissions will quickly exceed those of the CCC pathway while 
undermining recycling and re-use efforts. A recent policy statement indicating EfW 
plants will be eligible for CCS support is encouraging, but further action is urgently 
needed in this space. 

 

 

 

Defra’s Waste Prevention 
Programme, and BEIS’ Industrial 
Decarbonisation Strategy set 
out a number of important 
initiatives on waste and 
resource efficiency.    

Delivery timelines for waste and 
resource efficiency policies are 
too slow and important gaps 
remain, in particular around the 
landfilling of biodegradable 
waste, recycling and emissions 
from Energy from Waste plants. 
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ii) Next steps on waste policy 

Full details of all the policies needed to get the waste sector on track to Net Zero 
are set out in our Sixth Carbon Budget polices report and the Departmental 
Recommendations tables at the end of this report. The following actions should be 
prioritised by Government in the next few years: 

• The Environment Bill should be legislated this year and should be used to 
strengthen commitments on waste and resource efficiency including: 

– Raising recycling targets for England from 65% by 2035 to at least 68% 
by 2030. Experience in Wales has shown that this is feasible. 

– Sending a policy signal to ban the main biodegradable waste streams 
(i.e. paper, card, textiles, wood, food and garden waste) from landfill 
from 2025. 

• Delivery of the Waste Prevention Programme must be accelerated so that 
key measures such as Extended Responsibility Schemes and product 
standards are in place well before 2025. 

• In order to avoid unintended consequences, Government must take a 
whole system approach to improving waste prevention, re-use and 
recycling, including by: 

– Encouraging investment in recycling and re-use services and 
infrastructure to ensure that, as far as possible, waste is not diverted 
from landfill to EfW plants. 

– Ensuring a holistic policy approach to reduce waste arisings, for 
example by expanding measures aimed at reducing single-use plastic 
waste to cover other single-use items and materials. 

– Phasing out exports of waste by 2030 at the latest while strengthening 
tracking and enforcement, to ensure waste intended for recycling or 
recovery are treated as such. 

• Government must urgently address rising emissions from, and use of, EfW, 
including by: 

– Setting out capacity and utilisation requirements for EfW which are 
consistent with plans to improve recycling and waste prevention, by 
the end of 2021. 

– Consulting on the introduction of a carbon price on EfW emissions 
(either as part of the UK ETS or a separate carbon tax), by the end of 
2022. 

– Providing the necessary support to enable existing EfW plants to begin 
to be retrofitted with carbon capture, utilisation and storage (CCUS) 
from the late 2020s, and introducing policy to ensure that any new EfW 
plants are built either with CCUS or are ‘CCUS ready’. 

Delivering these actions requires different Departments to work closely together so 
Government should consider establishing new cross-Whitehall governance on 
waste and resource efficiency. 

To deliver the CCC pathway 
urgent action is needed to ban 
biodegradable waste from 
landfill from 2025 while 
improving recycling, re-use and 
waste prevention. 

A systems approach to waste 
management and prevention 
is crucial to avoid merely 
shifting emissions from one 
source to another, for example 
from landfill to Energy from 
Waste or from the UK to 
overseas. 
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h) Aviation 

The Government announced that international aviation (and shipping) emissions 
would be formally included in carbon budgets for the first time when accepting 
the Committee’s recommendation on the level of the Sixth Carbon Budget. We 
strongly welcome this significant step, which recognises that international aviation 
emissions need to be tackled alongside other UK emissions, and look forward to 
seeing legislation on the formal inclusion of international aviation and shipping laid 
before Parliament soon. 

i) Progress in the past year 

There have been a few minor policy developments since we published the Sixth 
Carbon Budget, but the Net Zero Aviation Strategy is overdue: 

• The new UK Emissions Trading Scheme (UK ETS, a replacement to the EU 
ETS), which will cover emissions from domestic UK flights and flights between 
the UK and the European Economic Area, was launched and ran its first 
auctions in May 2021. 

• DfT published a consultation on implementing monitoring, reporting and 
verification requirements of the Carbon Offsetting and Reduction Scheme 
for International Aviation (CORSIA) as its first voluntary phase commences, 
including options for interaction between CORSIA and the UK ETS for flights 
that are covered by both schemes.32 

• The Civil Aviation Authority published the Airspace Modernisation Strategy 
(AMS), a plan for the use of UK airspace up to 2040 which aims to deliver 
quicker, quieter and cleaner journeys. DfT also announced a funding 
support package for initiatives within the AMS that support the post-
pandemic recovery of the aviation sector and decarbonisation.33 

• The Ministry of Defence announced a change in RAF aviation fuel 
standards, allowing RAF aircraft to utilise up to 50% of sustainable aviation 
fuels (SAF) in the future.34 

• An aviation Net Zero Consultation and Strategy were planned for 2020. At 
the time of finalising this report the Government’s consultation on 
decarbonising aviation had not yet been published. The Government 
intends to publish a Net Zero Aviation Strategy following the consultation, 
ahead of COP26. 

ii) Next steps for decarbonising aviation 

We have set out the core requirements of a policy package in aviation in the Sixth 
Carbon Budget policy report.  

There remain significant gaps within the policy framework for aviation. Government 
support at present is focused on innovation funding and demonstration activities, 
but without clear long-term policy mechanisms driving SAF uptake or valuing 
negative emissions in the UK. These policy gaps should be addressed in the 
Aviation Strategy: 

• The Road Transport Fuel Obligation development fuels sub-mandate is 
unlikely to drive significant development of jet fuels, as it can be met with 
cheaper fuels. 

The formal inclusion of 
international aviation in the 
Sixth Carbon Budget is an 
important step towards tackling 
these emissions alongside other 
UK emissions 
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• There is currently no price signal for GHG removals in the UK.  

• There is a lack of larger-scale deployment support and policy frameworks 
specifically for sustainable aviation fuel and GHG removals.  

While SAF and technological innovations in aircraft provide an opportunity to 
reduce emissions in the aviation sector, our analysis for the Sixth Carbon Budget 
suggests that these measures alone are unlikely to go far enough in reducing 
emissions. The CCC pathway allows for some further growth in aviation demand, 
but below growth in a ‘business as usual’ case. Government must recognise the 
need for demand management as part of a wider strategy to decarbonise 
aviation, which should include: 

• An aviation decarbonisation pathway. Although the UK aviation industry 
has committed to a Net Zero goal for 2050 (via the Sustainable Aviation 
coalition), this is not yet a policy goal for Government. A sector emissions 
trajectory is needed to inform demand management and airport capacity 
policies. 

• An assessment of airport capacity. Several UK airports are in the process of 
seeking planning permission to expand, or have already sought permission 
to expand and are challenging planning permission rejections (see Box 4.4). 
Government has not made commitments to review its airport capacity 
strategy nor stated a clear position on this issue. Our advice from the Sixth 
Carbon Budget remains unchanged – there should be no net expansion of 
UK airport capacity unless the sector is on track to outperform its net 
emissions trajectory. Government needs to assess its airport capacity 
strategy and develop and put in place a demand management 
framework to assess and, if required, control sector GHG emissions and non-
CO2 effects. 

• Appropriate price incentives. Reforming aviation taxation, alongside wider 
reform of carbon pricing, will be critical to achieving Net Zero. The 
Government’s current proposals for air passenger duty (APD) reform35 are 
largely going in the wrong direction: 

– Proposals include halving domestic APD to improve domestic 
connectivity. Current price signals mean that flights are often cheaper 
than lower carbon alternatives (e.g. rail). Redressing this requires both 
higher taxes for flights (where there is an alternative to flying) and 
subsidies on trains. Rather than reducing APD to incentivise domestic 
flights, policy to improve domestic connectivity should focus on 
reducing the cost and improving the service for surface transport, 
especially rail. 

– Where surface transport is not an option, relaxed requirements in APD 
could relate not to distance but to the time taken to travel by 
alternative routes. Favourable treatment may be justified for small 
islands in Scotland which would take hours to reach by other means, or 
for Northern Ireland, but not for example for travel from London to 
Newcastle or London to Edinburgh which can be done by train easily 
and relatively quickly. 

– Government should seek to embed positive behaviours that have 
emerged during COVID-19, such as a reduction in business travel, 
through taxation.  

Managing aviation demand is 
a critical part of achieving the 
Net Zero target, future airport 
capacity needs must be 
considered alongside 
appropriate price incentives. 
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The Government is at present developing legislation on the implementation of 
CORSIA. These regulations should be used to maximise opportunities to tackle 
climate change impacts of aviation, including non-CO2 effects: 

• Government’s CORSIA consultation includes options for interaction
between CORSIA and the UK ETS. Any such interaction should ensure credits
used to offset aviation emissions meet minimum credibility criteria.

• Non-CO2 effects of aviation can have significant warming impacts. While it
is true that further research is needed to better understand these impacts,
and estimates may change as the science evolves, the data needed to
enable these estimates should start to be collected now. Government
should include a requirement within CORSIA regulations for monitoring and
reporting of non-CO2 effects.

Box 4.4 
Airport capacity expansion 

Several UK airports are in the process of seeking planning permission to expand or have 
already sought permission to expand and are challenging planning permission rejections: 

• A Supreme Court ruling in December 2020 overturned a previous court decision that
had blocked the plan to build a third runway at Heathrow airport on environmental
grounds, although airport operators still need to apply for planning permission for the
expansion to go ahead.

• Expansion plans for Leeds Bradford airport were given conditional approval by Leeds
city council. Government later issued a direction preventing councillors from granting
planning permission without special authorisation. In April 2021, Government
postponed deciding on this request, providing no timescales for its resolution.

• London airports, as well as many other regional airports, are seeking to push ahead
with expansion proposals. 

The UK already has more than enough capacity to accommodate the demand increases 
in our Balanced Net Zero Pathway. Our advice in the Sixth Carbon Budget was therefore 
that there should be no net expansion of UK airport capacity, unless the sector is on track 
to sufficiently outperform its net emissions trajectory and can accommodate the 
additional demand: 

• Outperforming the net emissions trajectory means making significant progress on
nascent and untested technologies like hybrid electric planes, and developing and
scaling up markets for sustainable aviation fuels (SAF) and greenhouse gas removals.

• It is not possible to have certainty today over the pace of development of these
technologies in future. It is therefore difficult at present to justify capacity expansion
on the basis of outperforming the emissions trajectory, particularly given the
uncertainty around the permanence of impacts on aviation demand from COVID-19.

The fact that we have enough capacity in aggregate to achieve our emissions targets 
does not mean that capacity is always in the right place: 

• Airport capacity around London far exceeds capacity elsewhere in the country, as
does planned capacity expansion in London compared to regional airports’ plans.

• While demand is greater in and around London, other areas see economic potential
in increasing their local airport capacity and improving their connectivity. There
could be some emissions savings from better allocation of capacity across the
country (e.g. some emissions reduction from flying from a local airport rather driving
or flying to London).

• Conversely, arguments for increasing capacity in hub airports, such as Heathrow,
include reducing emissions from less holding and better air traffic management.

Further work is needed to understand how capacity can best be utilised and managed 
across the UK to increase efficiency and minimise emissions. A mechanism for managing 

CORSIA credits should only be 
used towards ETS obligations if 
and when these meet 
minimum eligibility criteria. Non-
CO2 effects of aviation must 
start to be measured. 
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demand should be developed and put in place alongside an assessment of the 
Government’s airport capacity strategy. This could act to control sector GHG emissions 
and non-CO2 effects if required and could also allow Government to address issues 
around UK connectivity. 

Figure B4.4 Airport capacity expansion plans 

Source: CCC analysis based on AEF UK Airport Expansion Guide (https://www.aef.org.uk/uk-airport-expansions/), 
Heathrow Airport Expansion Consultation (https://www.heathrow.com/company/about-
heathrow/expansion/documents), Gatwick Long Term Plans (https://www.gatwickairport.com/business-
community/future-plans/long-term-plans/), Doncaster Sheffield Masterplan (https://flydsa.co.uk/dsaadmin/wp-
content/uploads/2020/07/DSA_Masterplan.pdf). Includes airports with planning application submissions, that are 
challenging planning permission refusals as well as airports that have recently publicly stated that they intend to 
pursue expansion plans, where impacts of expansion plans on passenger numbers were available. 

i) Removals

We have set out the core requirements for ensuring the timely delivery of 
Greenhouse Gas Removals (GGR) in the Sixth Carbon Budget policy report. 

Key developments in the past year are new funding to GGR research and 
development through the UK Research and Innovation’s GGR demonstrators 
programme,36 selection of phase one of the BEIS Direct Air Capture and GGR 
competition,37 and inclusion of GGR within the Scottish Government’s Emerging 
Energy Technologies Fund.38  

Alongside, during 2020-21 BEIS carried out a call for evidence on GGR.39 This invited 
submissions on the contribution of GGR to reaching Net Zero, on GGR governance, 
and on possible approaches to GGR support mechanisms.  

i) Next steps towards GGR delivery
The Net Zero Strategy should set out expected amounts and timings of land-based 
and engineered removals (i.e. bioenergy with CCS (BECCS) and direct air carbon 
capture and storage (DACCS)) in contributing to meeting the Sixth Carbon Budget 
and the Net Zero target. These should avoid over-reliance on these solutions.  
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Innovation support for 
engineered Greenhouse Gas 
Removals needs to be 
complimented by policy 
development to set out and 
support deployment.   
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Building on the results of the BEIS GGR consultation, policy on governance and 
support mechanisms should be developed over the next year in order to enable 
GGR scale-up during the mid-late 2020s. This should include enabling domestic 
engineered removals to contribute to UK carbon budgets and Net Zero, 
establishing GGR monitoring, verification and reporting structures that ensure that 
GGR is sustainable and verifiable, and setting out support mechanisms that align 
with the expectations for the role and timing of GGR contribution to UK emissions 
reductions. 

More generally, as GGR by BECCS and DACCS is reliant on CCS infrastructures for 
the storage of the removed CO2, it is critical that CCS is established in a consistent 
timeframe and in a manner that allows for the usage of CO2 pipeline and storage 
for removals.    

 

 

 

 

 

 

  

2293  



Progress in reducing emissions: 2021 Report to Parliament 188 

Endnotes 

 
1 Scottish Government (2020) Protecting Scotland, Renewing Scotland: The Government’s 

Programme for Scotland 2020-2021. 
2 Scottish Government (2021) Scottish Budget: 2021-2022. 
3 Scottish Government (2020) Securing a green recovery on a path to net zero: climate change 

plan 2018 – 2032 – update. 
4 Just Transition Commission (2021) A National Mission for a fairer, greener Scotland. 
5 Senedd Cymru | Welsh Parliament (2021) The Climate Change (Interim Emissions Targets) (Wales) 

(Amendments) Regulations 2021. 
6 Welsh Government (2021) Llwybr Newydd: the Wales Transport Strategy 2021. 
7 Welsh Government (2021) Beyond recycling. 
8 CCC (2020) Letter: Lord Deben, Climate Change Committee to Edwin Poots MLA. 
9 Northern Ireland Executive (2021) Energy Strategy for Northern Ireland: consultation on policy 

options. 
10 Northern Ireland Executive (2021) Future Energy Decarbonisation Scenarios. 
11 OBR (2021) Economic and Fiscal Outlook. 
12 OBR (2021) UK Infrastructure Bank. 
13 Department for Transport (2020) Gear change: a bold vision for cycling and walking. 
14 Department for Transport (2021) Bus back better: a national bus strategy for England. 
15 Department for Transport and Office for Zero-Emission Vehicles (2021) Ending the sale of new 

diesel buses. 
16 Scottish Government (2020) Securing a green recovery on a path to Net Zero: climate change 

plan 2018-2032 – update. 
17 Welsh Government (2021) Llwybr newydd: the Wales transport strategy. 
18 Department for Transport and Innovate UK (2021) SBRI zero-emission road freight, supporting 

uptake of battery-electric trucks. 
19 Department for Transport and Innovate UK (2021) Zero-emission road freight strands 1-3. 
20 Department for Business, Energy and Industrial Strategy (2021) Emissions-cutting trucks and next-

gen hydrogen buses closer to hitting the road with £54 million government-led funding. 
21 Department for Transport (2021) UK’s first ever hydrogen transport hub kick-started by £3 million 

government investment. 
22 RAC Foundation (2021) Transport price index. 
23 BEIS (2021) Green Homes Grant voucher release, May 2021. 
24 HM Government (2020) The Government Response to the Committee on Climate Change’s 

2020 Progress Report to Parliament. 
25 Defra (2021) England Peat Action Plan; Defra (2021) The England Trees Action Plan 2021-2024. 
26 Defra (2020) England Tree Strategy Consultation. 
27 Scottish Government (2020) Update to the Climate Change Plan, 2018-2032. 

 

2294  



189 Climate Change Committee 

28 Northern Ireland Department of Agriculture, Environment and Rural Affairs (2020) Forest for our 
Future Programme. 

29 Defra (2021) England Peat Action Plan. 
30 Defra (2021) Nature for people, wildlife and climate – policy paper. 
31 CCC (2020) Sixth Carbon Budget – The UK’s path to Net Zero.  
32 Department for Transport (2021) Implementing the carbon offsetting and reduction scheme for 

international aviation (CORSIA). 
33 Department for Transport, Civil Aviation Authority (2021) Airspace Modernisation Plan. 
34 Ministry of Defence (2021) Sustainable fuels to power RAF jets . 
35 HM Treasury (2021) Consultation on aviation tax reform. 

36 UK Research and Innovation (2021) Greenhouse Gas Removal Demonstrators Programme. 
37 Department for Business, Energy & Industrial Strategy (2021), Projects selected for Phase 1 of the 

Direct air capture and greenhouse gas removal programme. 
38 Scottish Government (2020) Update to the Climate Change Plan 2018 – 2032. 
39 Department for Business, Energy & Industrial Strategy (2020) Greenhouse gas removals: call for 

evidence. 

2295  

https://www.gov.uk/government/news/sustainable-fuels-to-power-raf-jets


Progress in reducing emissions: 2021 Report to Parliament 190

Annex 

Joint Departmental 
Recommendations 
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Recommendations by Department 

Central Government departments: 

• Table A1: Cabinet Office and Number 10

• Table A2: COP Unit, the Foreign, Commonwealth and Development Office
(FCDO) and the Department for International Trade (DIT)

• Table A3: HM Treasury (HMT)

• Table A4: Department for Business, Energy and Industrial Strategy (BEIS)

• Table A5: Department for Environment, Food and Rural Affairs (Defra)

• Table A6: Department for Transport (DfT)

• Table A7: Ministry of Housing, Communities and Local Government
(MHCLG)

• Table A8: Department for Digital, Culture, Media and Sport (DCMS)

• Table A9: Department for Education (DfE)

• Table A10: Department for Work and Pensions (DWP)

• Table A11: Department of Health and Social Care (DHSC)

• Table A12: Home Office and the Ministry of Justice (MoJ)

• Table A13: Ministry of Defence (MoD)

Regulators and the Office for National Statistics: 

• Table A14: Office of Gas and Electricity Markets (Ofgem)

• Table A15: Water Services Regulation Authority (Ofwat)

• Table A16: Office for National Statistics (ONS)

Devolved administrations: 

• Table A17: The Scottish Government

• Table A18: The Welsh Government

• Table A19: The Northern Ireland Executive
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Use the Cabinet Committees on Climate Strategy and Climate Action to drive home the 
need for more pace in policy development across Departments. Consider whether additional 
governance mechanisms such as independent delivery bodies are required in particular areas, 
such as heat decarbonisation.

2021-22 
Priority 
recommendation

Commit to a ‘Net Zero Test’ to ensure that all Government decisions are compatible with the 
legislated emissions targets.

2021 
Priority 
recommendation

Develop (with BEIS) a public engagement strategy for Net Zero which builds on the findings of 
the UK Climate Assembly by involving people in decision-making, providing trusted information 
on decarbonisation choices and the need to reduce emissions and adapt to climate change. 
The strategy should also identify preferred policy options to empower people to contribute 
fully towards the path to Net Zero.

2021-22 
Priority 
recommendation

Support local government (with MHCLG) to play a full role in the Net Zero transition, including 
through increased resourcing, guidance, involvement in local area energy plans, statutory 
reporting on the emissions from their estate and reforming the planning framework to enable 
delivery of low-carbon and climate-resilient measures. 

This is likely to require additional funding for staffing and resources for local delivery plans, 
alongside a ‘duty to collaborate’ to encourage authorities to work with local, regional and 
national partners to deliver their climate ambitions.

2021-23 

(funding for local 
authorities at 
next Budget) 
Priority 
recommendation

Cabinet Office should ensure that adaptation is integrated into major upcoming policies in 
the next two years related to the priority CCRA3 risk for which it has lead responsibility, 
coordinating work with other relevant departments as necessary:

• Multiple risks to the UK from climate change impacts overseas

In addition, for the coming five-year period (2023-2028), Cabinet Office should outline 
appropriate actions in the next National Adaptation Programme to address the adaptation 
gap identified for the other risks and opportunities in the CCRA3 for which it is the lead 
department (see Adaptation Report Annex).

By 2023 

Priority 
recommendation

Review guidance documents used in policy and business case development (e.g. the Green 
Book) and ensure these are consistent with the requirements of Net Zero and account for the 
impacts of climate change. 

2022

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Cabinet Office should build a strong climate resilience capability for the UK, including making 
use of storyline or ‘what-if’ scenarios to assess risks, in addition to or instead of using 
‘reasonable worst-case’ approaches. It should develop an early warning system for global 
climate shocks. It should consider how more allowance and flexibility can be built into policy 
making and policy implementation. This could include enhancing the ability of the Government 
to make fast decisions by bringing in technical advice and expertise quickly when needed, 
and both protecting, and enhancing, monitoring and surveillance systems to enable faster 
reactions as events unfold.

By 2023

Develop and implement fully-funded plans towards making all public buildings and vehicle fleets 
zero-carbon in the long term. This must include a move to multi-year programmatic funding to 
deliver the stated ambitions of switching to ultra-low emission vehicles by 2030 and to halve 
emissions from public buildings by 2032, supported by cross-government strategy (including 
an ambitious new set of Greening the Government commitments) and capital funding levels in 
the order of £1 billion/year for buildings.

2021-22

As the public sector, lead the shift to other positive behaviours that reduce travel demand, 
for example encouraging home-working.

2021

Work towards securing more climate finance commitments from developed countries to get 
back on track for mobilising $100 billion a year in climate finance as soon as possible.

2021

Work to bring forward additional emissions reduction ambition from countries that haven’t 
yet strengthened commitments ahead of COP26.

H2 2021

Place aligning global COVID-19 recovery plans with the goals of the Paris Agreement as a core 
goal of the UK’s G7 and COP26 presidencies.

2021-22

Ensure that any outcome on international carbon markets at COP26 has high integrity and 
genuinely supports global ambition to tackle climate change.

H2 2021

Develop the option of applying either border carbon tariffs or minimum standards to imports 
of selected embedded-emission-intense industrial and agricultural products and fuels. 
This should include initiating development of carbon intensity measurement standards and 
fostering international consensus around trade policies through the G7 and COP presidencies.

2021 
Priority 
recommendation

Table A1 
Recommendations for Number 10 and Cabinet Office Timing

Cross-
cutting

International 
(With BEIS 
and the 
COP Unit)

192
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Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Work towards securing more climate finance commitments from developed countries to get 
back on track for mobilising $100 billion a year in climate finance as soon as possible.

2021 (COP26)

Work to bring forward additional emissions reduction ambition from countries that haven’t 
yet strengthened commitments ahead of COP26.

H2 2021

Provide a clear commitment prior to COP26 regarding the timescale by which the UK’s 
official development assistance (ODA) contribution will return to 0.7% of GNI given the UK’s 
commitment to align its ODA spend with Paris Agreement requirements and the need for 
increased finance to achieve the Paris Agreement.

H2 2021

Place aligning global COVID-19 recovery plans with the goals of the Paris Agreement as a core 
goal of the UK’s G7 and COP26 presidencies.

2021-22

Ensure that any outcome on international carbon markets at COP26 has high integrity and 
genuinely supports global ambition to tackle climate change.

H2 2021

Develop the option of applying either border carbon tariffs or minimum standards to imports 
of selected embedded-emission-intense industrial and agricultural products and fuels. 
This should include initiating development of carbon intensity measurement standards and 
fostering international consensus around trade policies through the G7 and COP presidencies.

2021 
Priority 
recommendation

For the coming five-year period (2023-2028), FCDO should outline appropriate actions in the 
next National Adaptation Programme to address the adaptation gap identified for the risks in 
the CCRA for which it is the lead department (see Adaptation Report Annex).

2023 
Priority 
recommendation

Publish a new strategy for the UK’s international climate policy for after COP26 - ensuring 
that the initiatives for the COP26 presidency have long-term benefits for global emissions 
over the coming decade and supports the implementation of policies to deliver on 
strengthened national targets.

H1 2022

For the coming five-year period (2023-2028), DIT should outline appropriate actions in the 
next National Adaptation Programme to address the adaptation gap identified for the risks 
and opportunities in the CCRA3 for which it is the lead department (see Adaptation Report 
Annex).

2023

DIT should use trade policy to encourage increased ambition on both climate change 
mitigation and adaptation in other countries, including considering the role for border carbon 
adjustments and standards to prevent carbon leakage.

Spring 2022

Table A2 
Recommendations for the COP Unit, the Foreign, Commonwealth and Development Office (FCDO) and 
the Department for International Trade (DIT)

Timing

Action in the 
run-up to 
COP26

Cross-
cutting

Ongoing 
climate 
action

193
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Table A3 
Recommendations for the HM Treasury (HMT) Timing

Complete the overdue Net Zero Review, which should:

• Develop a plan for funding decarbonisation fairly, reviewing the distribution of costs for
businesses, households and the Exchequer.

• Set approach to near-term and long-term decarbonisation funding needs.

• Consider policy implications for a just transition.

2021 
Priority 
recommendation

The spending review(s) should ensure departments are fully equipped to deliver the necessary 
actions across climate change mitigation and adaptation, during the rest of this Parliament 
and beyond.

2021 
Priority 
recommendation

For the coming five-year period (2023-2028), outline appropriate actions in the next National 
Adaptation Programme to address the adaptation gap identified for the risks in the CCRA 
for which it is the lead department (see Adaptation Report Annex).

2023  
Priority 
recommendation

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Increase resources for local government to play a full role in the Net Zero transition. 2021-23 (funding 
for LAs at next 
budget) 
Priority 
recommendation

Fund plans towards making all public buildings and vehicle fleets zero-carbon in the long term. 
This must include a move to multi-year programmatic funding to deliver the stated ambitions 
of switching to ultra-low emission vehicles by 2030 and halving emissions from public buildings 
by 2032, supported by cross-government strategy (including an updated set of Greening 
the Government commitments) and capital funding levels in the order of £1 billion/year for 
buildings.

2021-22

Provide a clear commitment prior to COP26 regarding the timescale by which the UK’s 
official development assistance (ODA) contribution will return to 0.7% of GNI given the UK’s 
commitment to align  its ODA spend with Paris Agreement requirements and the need for 
increased finance to achieve the Paris Agreement.

H2 2021

Establish mechanisms (with BEIS) to close the substantial funding gap for heat networks, with 
a multi-year funding programme needed of sufficient scale to deliver the growth in network 
deployment, and transition to low-carbon heat sources. 

2022

Work with BEIS on the Heat and Buildings Strategy: to ensure that relative prices favour 
a shift to low-carbon technologies, consulting widely including with the Committee on 
Fuel Poverty; to ensure that sufficient funding is available; and to consider the role of tax 
incentives (e.g. Stamp Duty differentials). Work with MHCLG and the new buildings safety 
regulator to ensure that local authorities are properly funded to enforce buildings standards.

2021 
Priority 
recommendation

Consult on reforms to electricity pricing to remove disincentives to electrification, based on 
consideration of the strategic and fair allocation of legacy policy costs associated with the 
past deployment of less-mature low-carbon electricity generation. Also consider the balance 
of existing taxes, such as the Climate Change Levy, on different energy sources. These 
reforms in combination with wider sectoral incentives, standards and carbon pricing should 
remove price barriers to electrification.

H1 2022

Consult (with BEIS) on the introduction of a carbon tax (either as part of the UK ETS or a 
separate instrument) aimed at curbing rising emissions from Energy from Waste.

2022

Reform Vehicle Excise Duty, with larger differentials across all vehicle types, to provide 
stronger incentives to purchase zero-emission vehicles and reverse the shift towards cars 
that have higher lifecycle emissions. The reforms should consider the impact and design of 
second and subsequent year rates, to ensure they encourage the purchase of zero-emission 
vehicles in the second-hand market.

H1 2022

Aviation tax reform should seek to address price imbalances between aviation and surface 
transport, encouraging the low-carbon alternative (e.g. rail) for journeys where one exists. 
Taxation should also be used, alongside improvements in broadband, to embed positive 
behaviours that have arisen during the pandemic (e.g. replacing business travel with 
videoconferencing and online collaboration).

2021-22

Create a clear incentive for manufacturing facilities not currently covered by the UK ETS to 
switch to low-carbon energy sources by reforming the suite of energy and carbon policies, 
which could include rebalancing the Climate Change Levy rates for electricity and gas.

2023

Set out a clear plan for ensuring that carbon prices and taxes on manufacturers, energy 
producers and aviation encourage emissions reductions in line with the CCC Pathway, planning 
for revised (and likely higher) carbon prices from 2023. This should include setting out a cap 
for the UK ETS consistent with a credible path to the Sixth Carbon Budget for consultation 
by Q3 2021.

2021

Develop (with DIT) the option of applying either border carbon tariffs or minimum standards 
to imports of selected embedded-emission-intense industrial and agricultural products and 
fuels. This should include initiating development of carbon intensity measurement standards 
and fostering international consensus around trade policies through the G7 and COP 
presidencies.

2021 
Priority 
recommendation

Funding

Taxation, 
carbon and 
energy 
pricing
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Table A3 
Recommendations for the HM Treasury (HMT) Timing

Green 
finance

Develop further ways to embed Net Zero and climate risk in financial decisions by UK firms, 
building on the UK’s Green Finance Strategy. This should include implementing mandatory 
climate disclosure, adoption of a robust green taxonomy with clear guidance on how it should 
be used. It should also consider the recommendations of the Committee’s Finance Advisory 
Group, such as making Net Zero and adaptation plans mandatory for financial institutions and 
monitoring financial flows into climate action.

2021-25

In the green gilt framework, setting out the rules on what spending green sovereign 
bonds can be used for, ensure that revenue is used to fund expenditure that will genuinely 
contribute to Net Zero and improved climate resilience.

2021
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Table A4 
Recommendations for the Department for Business, Energy and Industrial Strategy (BEIS) Timing

Cross-
cutting

Publish the overall Net Zero Strategy. It should:

• Provide a comprehensive plan for achieving Net Zero, the 2030 NDC and the carbon
budgets, setting out ambition for sectors and key technologies and behaviours that
together will meet the challenge.

• Set out the approach to the key cross-cutting challenges of fair funding, just transition,
skills, public engagement, local delivery, governance.

• Set timelines for how policies will start to deliver decarbonisation with the required
urgency, and ensure that wider policy development is consistent with the UK’s climate
goals.

• Ensure adaptation is properly integrated in the plan, maximising synergies and minimising
trade-offs, while recognising the risks and impacts from climate change (see Adaptation
Progress Report for more details).

• Introduce processes for monitoring progress and mechanisms to course-correct over
time.

2021 
Priority 
recommendation

Ensure that adaptation is integrated into major upcoming policies in the next two years 
related to the eight priority risks identified in the Committee’s advice on the third UK Climate 
Change Risk Assessment (CCRA3) for which BEIS has lead responsibility, coordinating work 
with other relevant departments as necessary:

• Risks to the supply of food, goods and vital services due to climate-related collapse of
supply chains and distribution networks (with Defra and DIT).

• Risks to people and the economy from climate-related failure of the power system.

In addition, for the coming five-year period (2023-2028), BEIS should outline appropriate 
actions in the next National Adaptation Programme to address the adaptation gap identified 
for the other risks and opportunities in the CCRA for which it is the lead department (see 
Adaptation Report Annex).

By 2023 
Priority 
recommendation

Develop a public engagement strategy for Net Zero which builds on the findings of the 
UK Climate Assembly by involving people in decision-making, providing trusted information 
on decarbonisation choices and the need to reduce emissions. The strategy should link to 
engagement on adaptation and identify preferred policy options to empower people to 
contribute fully towards the path to Net Zero.

2021-22 
Priority 
recommendation

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Update the UK’s long-term low greenhouse gas emission development strategy with the 
UNFCCC to reflect a formulated economy-wide plan to achieve Net Zero by 2050 (expected 
to be the Net Zero Strategy).

H2 2021

Place aligning global COVID-19 recovery plans with the goals of the Paris Agreement as a core 
goal of the UK’s G7 and COP26 presidencies.

H2 2022

Publish a new strategy for the UK’s international climate policy for after COP26 - 
ensuring that the initiatives for the COP26 presidency have long-term benefits for global 
emissions over the coming decade and support the implementation of policies to deliver on 
strengthened national targets.

H1 2022

Working with DWP, DfE, the Home Office and MHCLG, develop a strategy for a Net Zero 
workforce that ensures a just transition for workers transitioning from high-carbon to low-
carbon and climate-resilient jobs, integrates relevant skills into the UK’s education framework 
and actively monitors the risks and opportunities arising from the transition. This strategy 
should include the development and roll-out of plans for training and skills, with buildings and 
manufacturing being priority areas.

2021 
Priority 
recommendation

Design industrial decarbonisation policies to support and create jobs, especially in regions with 
reliance on industrial jobs.

Now and ongoing

International

Jobs and 
skills
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Table A4 
Recommendations for the Department for Business, Energy and Industrial Strategy (BEIS) Timing

Supporting 
business 
action

Energy 
/ carbon 
pricing and 
emissions 
trading

Support businesses to play their full role in the Net Zero transition and in adapting to 
climate risks and opportunities, for example by extending and expanding the role of the Net 
Zero Business Champion beyond COP26, building on the Race to Zero and Race to Resilience 
campaigns and providing sufficient resources to fully support businesses of all sizes to engage 
in the transition, to input to policy development and to set their own robust Net Zero and 
adaptation action plans.

2021-22

Develop further ways to embed Net Zero and climate risk in financial decisions by UK firms, 
building on the UK’s Green Finance Strategy. This should include implementing mandatory 
climate disclosure, adoption of a robust green taxonomy with clear guidance on how it should 
be used. It should also consider the recommendations of the Committee’s Finance Advisory 
Group, such as making Net Zero and adaptation plans mandatory for financial institutions and 
monitoring financial flows into climate action.

2021-25

Determine appropriate regulatory arrangements, rules and guidance for the use of carbon 
offsetting by UK corporates within their Net Zero strategies, recognising the growing 
demand for offsetting markets, the interactions with the UK ETS and currently accredited 
schemes (i.e. the Woodland Carbon Code and the Peatland Code), and the need to avoid 
double-counting or negative outcomes for non-carbon objectives.

2021-22

Drawing on the Energy Innovation Needs Assessments ensure innovation funding (e.g. through 
UKRI, Catapults, the Industrial Strategy Challenge Funding, BEIS Innovation Programme 
and the Net Zero Innovation Portfolio) drives forward an extensive research and innovation 
package for delivering a Net Zero, climate-resilient future.

Now and ongoing

Make monitoring and data analysis of climate risks more accessible, alongside better 
digitisation of past records. Further efforts should be taken to make the evidence on climate 
risks more usable for decision makers through co-design of research programmes with end 
users, where the user drives the research question from the beginning of the process. A major 
gap is the lack of projections of impacts in 2ºC and 4ºC scenarios; this needs addressing as an 
urgent priority ahead of CCRA4.

2022

Review plan for improving data collection and statistical reporting for the purposes of 
monitoring and informing the low-carbon transition, as part of the broader work the ONS are 
already undertaking to improve the collection of climate-related data.

2022

Work with ONS to put in place plans to collect and report data annually on low-carbon heat 
networks, specifically the amount of heat delivered (split by DUKES consumption sector, 
i.e. Residential/Public/Commercial/Industry, and where possible, by source of heat supply).
This should be part of a plan for improving data collection and statistical reporting for the
purposes of monitoring and informing the low-carbon transition.

2022

Improve the collection and reporting of industrial decarbonisation data to allow for progress 
to be monitored more effectively, particularly on energy and resource efficiency.

2022

Set out a clear plan (with HMT) for ensuring that carbon prices and taxes on manufacturers, 
energy producers and aviation encourage emissions reductions in line with the CCC Pathway, 
planning for revised (and likely higher) carbon prices from 2023. This should include setting 
out a cap for the UK ETS consistent with a credible path to the Sixth Carbon Budget for 
consultation by Q3 2021.

2021

Consult (with HMT) on reforms to electricity pricing to remove disincentives to 
electrification, based on consideration of the strategic and fair allocation of legacy policy 
costs associated with the past deployment of less-mature low-carbon electricity generation. 
It should also consider the balance of existing taxes, such as the Climate Change Levy, on 
different energy sources. These reforms in combination with wider sectoral incentives, 
standards and carbon pricing should remove price barriers to electrification.

H1 2022

Consult (with HMT) on the introduction of a carbon tax (either as part of the UK ETS or a 
separate instrument) aimed at curbing rising emissions from Energy from Waste.

2022

Commit (with DfT) not to use credits from the Carbon Offsetting and Reduction Scheme for 
International Aviation (CORSIA) for flights covered by the UK ETS unless and until they can 
satisfy strict eligibility criteria (equivalence, additionality, permanence, sustainability).

2021-22

Develop (with DIT) the option of applying either border carbon tariffs or minimum standards 
to imports of selected embedded-emission-intense industrial and agricultural products and 
fuels. This should include initiating development of carbon intensity measurement standards 
and fostering international consensus around trade policies through the G7 and COP 
presidencies.

2021 
Priority 
recommendation

Research 
and data
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Table A4 
Recommendations for the Department for Business, Energy and Industrial Strategy (BEIS) Timing

Buildings Produce a robust, equitable and ambitious heat strategy to eliminate emissions from buildings 
through a clear direction for the next 30 years. This must include:

• Standards covering all segments of the building stock, with support for consumers
through the transition.

• Plans to rebalance policy costs - in consultation with the Committee on Fuel Poverty and
wider stakeholders - while making low-carbon solutions more financially attractive.

• Plans to introduce Green Building Passports.

• Formalisation of a governance framework to drive decisions on heat infrastructure
including a role for area-based energy plans and zoning of heat networks.

2021 
Priority 
recommendation

Provide a stable long-term policy framework to support sustained energy efficiency and 
heat pump growth at sufficient scale (i.e. 600,000 heat pumps per year in existing homes by 
2028). This must include a replacement for the Green Homes Grant voucher scheme which 
works, backed by standards and support for non-residential heat pump installations. Create a 
level-playing field for hybrid heat pumps off the gas grid and ensure hybrid heat pumps are an 
integral part of PAS2035 retrofit coordinator advice.

2021 
Priority 
recommendation

Establish mechanisms to close the substantial funding gap for heat networks, with a multi-
year funding programme of sufficient scale to deliver the growth in network deployment, and 
transition to low-carbon heat sources, needed. Finalise policy on the future market framework 
for heat networks, including requiring new district heat schemes to utilise low-carbon sources 
from 2025 at the latest and setting regulations for the conversion of legacy fossil fuel 
schemes to low-carbon sources.

2022

Publish proposals for standards to phase out the installation of new liquid and solid fossil 
fuel heating by 2028 at the latest. Send clear signals on the phase-out of gas heating, 
including the roles for area-based planning and standards in phasing out gas installations (as in 
Scotland).

2021

Move to multi-year programmatic funding to deliver the stated ambition of halving emissions 
from public buildings by 2032. This must be supported with cross-government strategy 
(either independent or integrated with the Net Zero or Buildings Strategies) and funding 
levels in the order of £1 billion/year. Support mechanisms must be designed so that smaller 
public bodies can access them.

2022

Set requirements for all new gas boilers to be hydrogen-ready by 2025 at the latest, while 
ensuring that all new boilers outperform current and expected future air quality standards.

2021

Implement improvements to the Energy Performance Certificate (EPC) and Standard 
Assessment Procedure (SAP) framework, including:  

• Ensuring EPCs drive deployment of the necessary energy efficiency measures and do so
on a holistic basis to address overheating, ventilation, and moisture-risk.

• Supporting delivery objectives across both energy efficiency and low-carbon heat, and
valuing properly the benefits of low-carbon and flexible technologies.

• Formally integrating a forward trajectory for declining grid carbon-intensity, in line with
Government projections.

• Addressing wider issues of quality/robustness, with a commitment to integrate in-use
performance metrics from 2023.

• Plans for the future role of Green Building Passports.

2022

Improve understanding of and support action on overheating in existing residential buildings 
and encourage retrofit of passive cooling measures. The Heat and Building Strategy must 
consider overheating risks. The following steps are needed:  

• Further research to understand when overheating occurs in existing homes, including
ongoing monitoring of temperatures in the housing stock, monitoring of overheating
exceedances in homes, and the number of homes currently adapted.

• Guidance and information for homeowners with the steps that can be taken if their
homes overheat. This should include an outline of behavioural options and the measures
that can be installed to reduce internal temperatures. Green Building Passports and home
retrofit plans could provide holistic guidance and help to unlock green finance.

• Overheating risk considered and mitigated against if necessary when doing energy
efficiency retrofit programmes.

• Making finance available to install adaptation measures. This could be via grant schemes
or green finance for private owners, with public funding targeted at low-income or
vulnerable households alongside energy efficiency retrofit.

2022

Bring forward the date to reach EPC C in social homes to 2028, in line with the Private 
Rented Sector (PRS) proposals and finalise the delivery mechanism. Implement ambitious PRS 
standards for homes which drive fabric efficiency, while valuing deployment of cost-effective 
low-carbon heat alongside this. Implement the EPC B target for PRS non-domestic buildings 
in line with new proposals. Consult on options to cover the regulatory policy gap for owner-
occupied homes.

2021
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Table A4 
Recommendations for the Department for Business, Energy and Industrial Strategy (BEIS) Timing

Power Publish a plan for reaching an emissions intensity of 50 gCO2/kWh by 2030, with a total 
of around 350 TWh of low-carbon generation. Set out a schedule for regular auctions 
to procure low-carbon generation, with a clear pathway of volumes to be procured and 
robust contingency for uncertainties in demand and delivery. Address potential barriers to 
deploying and using low-carbon generation at scale (e.g. the planning and consenting regime 
for renewables and networks, exposure to climate risks) and, with Ofgem, develop a framework 
under which sufficient supply resilience can be ensured.

2022 
Priority 
recommendation

Commit to phasing out unabated gas generation by 2035, subject to ensuring security of 
supply.

2021 
Priority 
recommendation

Publish a comprehensive long-term strategy for unabated gas phase-out, including ensuring 
new gas plant are properly CCS- and/or hydrogen-ready as soon as possible and by 2025 at 
the latest.

By Spring 2022 
Priority 
recommendation

Develop a strategy as soon as possible on market design for the medium to long term for a 
fully decarbonised, resilient electricity system in the 2030s and onwards.

2023

Develop mechanisms for strategic investment in coordination with Ofgem to ensure that 
electricity networks can accommodate increased future demand levels, including large 
localised demand increases associated with electrification in manufacturing, transport and 
buildings, and that lack of network capacity does not cause delays in emissions reduction.

2023

Develop a strategy to coordinate the development of interconnectors, connections for 
offshore wind farms and the enhancement of inter-area transfer capacity for the onshore 
network, ensuring cost-effective, timely delivery, bringing forward any legislation necessary 
to enable it.

H1 2022

Work in partnership with Ofgem to publish and implement a new Smart System Plan and 
Energy Data and Digitalisation Strategy, including working with DCMS on cyber-security, 
in order to continue to unlock the full benefits of electricity system flexibility. Ensure 
that, alongside smart standards for heating, all electricity users have access to half-hourly 
metering and the option of tariffs that encourage flexibility in use of electric heat and 
electric vehicle charging.

2021

Improve information sharing on climate risks to infrastructure interdependencies at a 
local level, especially for electricity, digital and ICT networks. As reported in our previous 
assessment in 2019, NAP actions to enhance arrangements for information sharing between 
local infrastructure operators and improve understanding of critical risks arising from 
interdependencies have not been completed. Defra’s link with Local Resilience Forums is 
key, and BEIS and DCMS should engage with utility companies to encourage standardised 
benchmarking and data sharing on climate risks to electricity networks, digital & ICT.

Now and ongoing

Set out capacity and usage requirements for Energy from Waste consistent with plans 
to improve recycling and waste prevention. Issue guidance to align local authority waste 
contracts and planning policy to these targets.

2021 
Priority 
recommendation

Introduce the necessary planning guidance and policy to ensure any new Energy from Waste 
plants (including incineration, gasification & pyrolysis facilities) are built with carbon capture 
usage and storage (CCUS) or are ‘CCUS-ready’.

Spring 2022 
Priority 
recommendation

Set out how existing Energy from Waste plants will be supported to be retrofitted with 
CCUS from late 2020s onwards, with 2050 a backstop date for full CCUS coverage.

2022 

Waste
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Table A4 
Recommendations for the Department for Business, Energy and Industrial Strategy (BEIS) Timing

Manufacturing

and construction
Establish funding mechanism(s) to support operational and capital costs of both 
electrification and hydrogen-use in manufacturing, as soon as possible, with the aim of 
awarding funding in 2022. There must be mechanisms for both options, not only hydrogen, and 
the mechanism(s) should be designed to ensure that, in the medium term, hydrogen-use and 
electrification compete on a level playing field, to ensure the best value for consumers and 
taxpayers. Support for electrification may be combined with reforms to electricity pricing.

2022 
Priority 
recommendation

Continue to support innovation and demonstration of fuel switching and CCS technologies 
for decarbonising manufacturing and construction. Ensure that a full range of options is 
developed, filling previous gaps in support, such as encouraging electrification projects to 
come forward.

Spring 2022 

Set out which policies will deliver the pathway to 4 MtCO2e of industrial energy efficiency 
abatement set out in the Industrial Decarbonisation Strategy and quantify how much 
abatement will come from each policy: 

• Set out the future role of Climate Change Agreements (CCAs) and any required CCA
reforms.

• Consult on mandating the use of Energy Management Systems and on Government
support and incentives for implementing energy management standards.

• Set out the role of energy efficiency standards and audit programmes.

• Develop resources such as direct advice and training to address capacity and expertise
gaps, and highlight available energy efficiency solutions, particularly for SMEs.

Spring 2022

Ensure the policy package for decarbonising manufacturing addresses manufacturers’ low 
appetite for investments with long payback times, either using grants or favourable loans, 
particularly for energy efficiency.

2022

Work with the minerals industries to develop a detailed joint plan for CO2 transport from 
dispersed sites.

Spring 2022

Commit to targets for ore-based steelmaking and cement production in the UK to reach near-
zero emissions by 2035 and 2040, respectively.

2021

Deliver industrial carbon capture contracts (ICC) to enable final investment decisions on the 
first ICC projects by mid-2022.

H1 2022

Deliver the proposed CCS transport and storage regulatory investment model to enable final 
investment decisions by mid-2022 that are consistent with establishing at least two CCS 
transport and storage clusters in the mid-2020s.

H1 2022

Create a clear incentive for manufacturing facilities not currently covered by the UK ETS to 
switch to low-carbon energy sources by reforming the suite of energy and carbon policies, 
which could include rebalancing the Climate Change Levy rates for electricity and gas.

2023

Set out a strategy for decarbonisation of off-road mobile machinery and work with industry 
to identify potential policies to increase uptake of low-carbon off-road mobile machinery. This 
will require work across BEIS, MHCLG, DfT and Defra.

2021
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Recommendations for the Department for Business, Energy and Industrial Strategy (BEIS) Timing

Resource 

efficiency in 

manufacturing

and construction

Step up efforts (with Defra) to deliver the waste prevention and resource efficiency 
improvements required as part of the pathway to Net Zero, including by:

• Accelerating delivery of the Waste Prevention Programme so that key policies, such as
Extended Producer Responsibility and new product standards, are on track to be in place
well before 2025.

• Setting out how levels of resource efficiency improvements identified within the
Industrial Decarbonisation Strategy will be delivered.

• Beginning to develop and implement any additional policies needed to deliver these
resource efficiency improvements, by the end of 2022.

• Ensure cross-departmental working, potentially through new cross-Whitehall governance
focused on resource efficiency.

Spring 2022   
Priority 
recommendation

(end 2022 for 
additional policies)

Develop policies (with MHCLG, Defra and DfT) to drive more resource-efficient construction 
and use of existing low-carbon materials, including a substantial increase in the use of wood in 
construction. Policies should include:  

• Reviewing and clarifying the position of structural timber in the ban on combustible
materials, underpinned by further research and testing where necessary, and ensuring
there are no barriers to the safe use of timber in buildings. The buildings safety regulator
to play a role in overseeing this on an ongoing basis.

• The development of a fully-funded policy roadmap on the use of timber, including policies
to support the development of UK wood supply chains.

• Finalising the reporting methodology for whole-life carbon standards.

• Setting out a plan for phasing in mandatory whole-life reporting followed by
minimum whole-life standards for all buildings, roads and infrastructure by 2025, with
differentiated targets by function, scale, and public/private construction.

Spring 2022

Consult on detailed proposals (with Defra) for product standards and extended producer 
responsibility to improve the resource efficiency of consumer goods’ lifecycles. The proposals 
should include all consumer goods with high environmental impact and cover how products are 
made, through indicators such as the level of recycled content and critical material content, 
and the repairability, durability and upgradability of a product.

Spring 2022

Work with business to encourage and enable consumers to share, lease and use products for 
longer while discouraging ‘disposable’ business models.

Spring 2022

Continue to support (with DfT and Ofgem) widespread deployment of EV charging 
infrastructure:

• This should ensure it can support high EV uptake levels. Project Rapid has the right
ambition for the strategic road network and should be developed into a full strategy for
the 2020s and beyond.

• Further investment is needed to support on-street and other urban charging solutions
for those without off-street parking and destination charging.

• Government should aim for there to be around 150,000 public charge points operating by
2025. These should be widely available across all regions of the UK.

• Implement the recommendations of the EV Energy Taskforce, in particular improving the
consumer charging experience and making smart-charging accessible, appealing and cost-
effective for as many EV users as possible.

Now and ongoing 
Priority 
recommendation

Produce a clear assessment (with DfT) of how best to re-use and recycle EV batteries and 
fund development of competitive, large-scale battery recycling facilities in the UK.

2021-22

Continue innovation and demonstration support (with DfT) for zero-carbon fuel technologies 
and their use in shipping, and ship efficiency measures. Develop incentives for zero-carbon 
ammonia and hydrogen supply chains.

Early 2020s

Transport
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Table A4 
Recommendations for the Department for Business, Energy and Industrial Strategy (BEIS) Timing

Greenhouse 
gas removals 
(GGRs)

The overall Net Zero Strategy should place GGRs in context of a wider strategic approach to 
reaching Net Zero, setting out a plan for development and deployment of removals, but also 
for actions elsewhere to limit the need for them.

2021 
Priority 
recommendation

Building on the Greenhouse Gas Removals (GGR) call for evidence, launch consultation on 
Government’s preferred GGR strategy and long-term expected requirement for GHG 
removals, including a proposed market design, a set of governance principles and proposals 
that recognise the need for a long-term price signal.

H1 2022 
Priority 
recommendation

Support the demonstration of engineered GGR at scale in the 2020s, either through 
amending existing policies or introducing new support mechanisms.

2022 
Priority 
recommendation

Build on the recently commenced innovation programmes, the Direct Air Capture and other 
Greenhouse Gas Removals Competition and UK Greenhouse Gas Removal Demonstration 
Programme, to support both the demonstration and commercialisation of more advanced 
greenhouse gas removal technologies (taking these from technology readiness level 5 to 8), 
and alongside undertake research and development into less advanced removal approaches 
including through pilots and field experiments.

Now and ongoing

Ensure that a public engagement strategy for Net Zero includes national, regional, and local 
communities to improve the public’s understanding of GGR approaches and both the local and 
system-wide implications of different options - awareness is currently very low, and support is 
mixed or uncertain.

2021-22

Align with adaptation policies to ensure long-term resilience and effectiveness of GGRs in 
the face of climate impacts and exploit potential for co-benefits (e.g. choice of tree species, 
protecting new infrastructure from flood risks).

Before 2025

Develop a Hydrogen Strategy out to 2035 that determines plans and sets out pathways 
to appropriate hydrogen use across power, industry, transport, and buildings; low-carbon 
hydrogen production options; and the associated infrastructure. Ensure that large-scale 
hydrogen trials begin in the early 2020s.

2021 
Priority 
recommendation

Deliver a Biomass Strategy that is aligned to the UK’s path to Net Zero, and which reflects 
recommendations on governance, monitoring and best-use from the Committee’s 2018 
Biomass report and 2020 Land Use report. The UK should also continue to take a global 
lead on further developing and improving UK and international biomass governance and 
sustainability criteria.

2022 
Priority 
recommendation

Set new requirements for CCS-readiness at biofuel conversion facilities of all scales. This 
should include dates beyond which new facilities should be built with CCS, and dates for when 
CCS will need to be retrofitted to biofuel facilities already in operation.

2022

Set out policies to reduce upstream emissions from oil and gas production by 68% by 2030, 
relative to 2018 levels: 

• Develop policies to reduce emissions from existing oil and gas platforms, including
developing carbon-intensity measurement standards for gas and oil.

• Set a requirement for new plans for offshore oil and gas platforms and associated
installations to use low-carbon energy for their operations, aligning to zero direct
emissions from operational energy use by 2027.

• Make plans to ensure flaring and venting is only permitted for safety reasons from 2025.

2021

Work with Ofgem to make explicit how current and future policies will reduce emissions 
associated with methane leakage from the gas networks in a way that is consistent with the 
Sixth Carbon Budget.

2021

Formalise the process, governance framework and timeline for decisions on the conversion 
to hydrogen of appropriate parts of the gas pipeline networks. This should include starting 
a programme of research with Ofgem to identify areas which are unlikely to be suitable (such 
that electrification and alternatives can be prioritised), alongside priority candidate areas for 
hydrogen.

2021

Fuel supply
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Table A5 
Recommendations for the Department for Environment, Food and Rural Affairs (Defra) Timing

Cross-
cutting

The next National Adaptation Programme, due in 2023, should ramp up adaptation ambition, 
implementation and evaluation. It should:

• Set out the Government’s vision for a well-adapted UK, alongside the measurable
outcomes that the Government is aiming to achieve by the end of the next NAP period
(2023 – 2028).

• Include a detailed monitoring and evaluation framework, including which indicators will be
used to monitor progress in reducing risk and showing the effectiveness of different
adaptation responses for each risk in CCRA3.

• Report how departments have addressed the top eight priority risks set out in the
CCRA3 Advice Report for urgent action between 2021 and 2023.

• Set out how adaptation is being integrated into policy, and the measurable actions by
department for adaptation across each of the 61 risks and opportunities set out in the
CCRA3 Technical for the period 2023-2028.

• Ensure the adaptation actions and the programme as a whole are framed around the
principles for good adaptation outlined in the CCRA3 Advice Report:

– Adapt to 2ºC warming, assess the risks for 4ºC

– Prepare for unpredictable extremes

– Assess interdependencies

– Understand threshold effects

– Integrate adaptation into relevant policies

– Ensure adaptation is sufficiently financed

– Avoid lock-in

– Address inequalities

– Consider opportunities from climate change

• Specific actions to manage international climate risks should be included, setting out the
direct response to the risks identified in CCRA3.

2023 onwards 
Priority 
recommendation

Ensure that adaptation is integrated into major upcoming policies in the next two years 
related to the priority CCRA3 risks for which Defra has lead responsibility, coordinating work 
with other relevant departments as necessary:

• Risks to the viability and diversity of terrestrial and freshwater habitats and species
from multiple hazards.

• Risks to soil health from increased flooding and drought.

• Risks to natural carbon stores and sequestration (trees, soils and wetlands) from multiple
hazards.

• Risks to crops, livestock, and commercial trees from multiple hazards.

In addition, for the coming five-year period (2023-2028), Defra should outline appropriate 
actions in the next National Adaptation Programme to address the adaptation gap identified 
for the other risks and opportunities in the CCRA for which it is the lead department (see 
Adaptation Report Annex).

By 2023 
Priority 
recommendation

Implement a public engagement programme about national adaptation objectives, acceptable 
levels of risk, desired resilience standards, how to address inequalities, and responsibilities 
across society. The findings from the programme should feed into the vision and desired 
outcomes of the next National Adaptation Programme.

2021 
Priority 
recommendation

Implement measures to address non-financial barriers to tackling emissions from land use 
and agriculture, including awareness and improving skills in sustainable forestry and peatland 
management; scaling up supply chains; streamlining application processes and addressing 
contractual and tax issues where they are acting as barriers. Delivery plans should also set out 
measures to:

• Improve knowledge exchange of low-carbon farming practices to provide confidence to
farmers to take up measures to reduce on-farm GHGs.

• Improve the science and evidence base for woodlands and peatlands, to deliver GHG
reductions and multiple other benefits, ensure the right tree is planted in the right place
and that they are resilient to future climate impacts.

2021-25 
Priority 
recommendation
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Table A5 
Recommendations for the Department for Environment, Food and Rural Affairs (Defra) Timing

Cross-
cutting

Legislate the Environment Bill this year, using it to strengthen commitments on waste, 
resource efficiency, agriculture and land-use.

2021

Develop (with DIT) the option of applying either border carbon tariffs or minimum standards 
to imports of selected embedded-emission-intense industrial and agricultural products and 
fuels. This should include initiating development of carbon intensity measurement standards 
and fostering international consensus around trade policies through the G7 and COP 
presidencies.

2021 
Priority 
recommendation

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Fund a programme of work to design and populate the appropriate new priority adaptation 
indicators for England. These should complement other environmental and social indicators 
collated by Government. The CCC could be tasked to coordinate this activity in partnership 
with other relevant organisations such as the Office for Environmental Protection and 
Environment Agency.

2021

Continue to monitor consumption emissions. These are important to ensure that action to 
decarbonise UK-based activities does not result in emissions moving offshore, and to track 
progress in decarbonisation of imports to the UK, which in turn can inform future policy (e.g. 
border carbon adjustments).

Now and ongoing

Improve the collection and reporting of industrial decarbonisation data to allow for progress 
to be monitored more effectively, particularly on energy and resource efficiency.

2022

Extend current ambition set out by the UK government and the devolved administrations to 
implement a comprehensive delivery mechanism to address degraded peatland:

• 17% of upland peat is restored, equivalent to 200,000 hectares (and where this is not 
possible, stabilise the peat) by 2025; 58% by 2035 (700,000 hectares) and the remaining 
area by 2045.

• Rewet and sustainably manage 12% of lowland peat used for crops by 2025 (24,000 
hectares), rising to 38% by 2035 (72,000 hectares).

• Rewet 8% of lowland grassland area by 2025 (18,000 hectares), rising to 25% by 2035 
(54,000 hectares).

• Remove all low-productive trees (i.e. less than YC8) from peatland (equivalent to 16,000 
hectares by 2025), and restore all peat extraction sites by 2035 (equivalent to 50,000 
hectares by 2025).

2021-25 
Priority 
recommendation

Extend current ambition set out by the UK government and the devolved administrations to 
implement a comprehensive delivery mechanism for new woodland to create at least 30,000 
hectares per year across the UK by 2025 (in line with the Government’s commitment) and an 
average of 40,000 hectares per year in the 2030s.

2021-25 
Priority 
recommendation

Introduce legislation to:

• Extend the ban on rotational burning of peat from certain protected upland bog sites to
all peatland before the start of the burn season in 2021

• End peat extraction, and ban its sale for all horticultural uses including in the professional
sectors and apply this to imports by 2023.

• Mandate water companies to restore peatland under their ownership.

• Ensure lowland peat soils are not left bare.

2021-23 
Priority 
recommendation

Publish an overarching strategy that clearly outlines the relationships and interactions 
between the multiple action plans in development for the natural environment, including those 
for peat, trees, nature and plant biosecurity. This must clearly outline how the different 
strategies will combine to support the Government’s climate change goals on both Net Zero 
and adaptation, along with the wider environment and other goals.

2021

Make long-term targets for biodiversity, set out under the Environment Bill, and associated 
timeframes outcome-based and linked directly to the goals set out in the Government’s 25-
Year Environment Plan.

H1 2022

Make interim targets for biodiversity statutory and link them clearly to the long-term 
targets set out in the Environment Bill. 

H1 2022

The commitment in the 25 Year Environment Plan to achieve 75% restoration for terrestrial 
and freshwater protected sites should be extended to include all priority habitat sites.

2021

Set out a clear mechanism to account for the consequences of higher water temperatures 
and low flows (including drying up) in water bodies for freshwater habitats and species, and 
for meeting the Water Framework Directive (WFD) targets. This is lacking in current plans to 
revise the River Basin Management Plans (RBMPs).

H1 2022

Extend the statutory requirements of marine plan policies to the decisions of public and 
private organisations. At present only public authorities are duty bound under law to apply 
the plan policies to their decisions meaning there is a significant gap in the protections they 
are designed to provide.

Now

Research 
and data

Nature and 
land use
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Table A5 
Recommendations for the Department for Environment, Food and Rural Affairs (Defra) Timing

Agriculture 
and food

Provide incentives and address non-financial barriers across all of the UK to:

• Plant trees on 2% of farmland by 2025 while maintaining their primary use, rising to 5% by
2035.

• Extend hedgerows by 20% by 2035 and better manage existing hedgerows.

• Increase the area growing energy crops across the UK to 6,000 hectares per year by
2025, and 30,000 hectares per year by 2035.

2021-25 
Priority 
recommendation

Implement measures to encourage consumers to shift diets and reduce food waste across the 
supply chain, including:

• Low-cost, low-regret actions to encourage a 20% shift away from all meat by 2030, rising
to 35% by 2050, and a 20% shift from dairy products by 2030. Develop an evidence-
based strategy to establish options for successful behaviour shifts and demonstrate
public sector leadership.

• Policy to reduce food waste by 50% by 2030 and 60% by 2050, with the public sector
taking a lead through measures such as target setting and effective product labelling.

Start now and 
review mid-
2020s for diet 
change 
Priority 
recommendation

Introduce a strong post-CAP regulatory baseline, and adopt and retain existing EU rules 
that benefit GHG mitigation into UK legislation. These include low-cost, low-regret on-farm 
measures to reduce emissions; extending coverage of Nitrate Vulnerable Zones across all of 
the UK; including measures that reduce enteric methane emissions in the Clean Air Strategy, 
specifically under the proposal to extend environmental permitting to the dairy and intensive 
beef sectors; and mandating UK feed producers to incorporate methane inhibiting additives in 
compound feed and mineral supplements.

2021-23

Set out measures to ensure the resilience of the food supply chain, including to the risks of 
extreme weather in England and internationally, as part of its white paper responding to the 
independent review of the National Food Strategy for England.

2022

Introduce a comprehensive plan and incentives to deliver emissions reduction across all UK 
farms through: 

• High take-up of low-carbon agricultural measures (60-75% by 2050) covering livestock
(diets, breeding, and health), soils (cover crops and grass-legume mix) & waste management
(anaerobic digestion and slurry covers).

• Measures to incentivise the take-up of near-zero-emissions options for agricultural
machinery and vehicles from the mid-2020s, and develop options where they are not
currently available.

2021-25

The landscape-level and on-farm measures set out above should: 

• Leverage private and public finance (e.g. a trading scheme or auctioned contracts). New
and existing funding streams should continue during the transition period to this system
to avoid a hiatus in deployment.

• Be accompanied by a strong monitoring, reporting and verification system that uses the
latest monitoring tools and technologies to create a strong institutional framework to
verify actions across the UK.

2021-25

Set out a strategy for decarbonisation of off-road mobile machinery and work with industry 
to identify potential policies to increase uptake of low-carbon off-road mobile machinery. This 
will require work across BEIS, MHCLG, DfT and Defra.

2021
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Table A5 
Recommendations for the Department for Environment, Food and Rural Affairs (Defra) Timing

Waste Introduce the necessary planning guidance and policy to ensure any new Energy from Waste 
plants (including incineration, gasification & pyrolysis facilities) are built with carbon capture 
usage and storage (CCUS) or are ‘CCUS ready’.

Spring 2022 
Priority 
recommendation

Set out how existing Energy from Waste plants will be supported to be retrofitted with 
CCUS from late 2020s onwards, with 2050 a backstop date for full CCUS coverage.

2022 
Priority 
recommendation

Set out capacity and usage requirements for Energy from Waste consistent with plans 
to improve recycling and waste prevention. Issue guidance to align local authority waste 
contracts and planning policy to these targets.

2021 
Priority 
recommendation

Set out funding arrangements for local authorities to provide the recycling, composting and 
waste management services and infrastructure required to deliver at least the commitments 
in the Environment Bill, Waste Prevention Programme and Resources and Waste Strategy, by 
2022.

2022-25

Consult on the introduction of a carbon tax (either as part of the UK ETS or a separate 
instrument) aimed at curbing rising emissions from Energy from Waste.

2022

Set a target for a 68% recycling rate by 2030 covering all wastes in England via the 
Environment Bill and announce new policies to meet this target. Northern Ireland to set a 70% 
target for 2030. Scotland and Wales to set new targets for 2030 that go beyond their 70% 
targets for 2025.

2021

Composting facilities should be incentivised to install forced aeration as a method of reducing 
on-site emissions.

From 2022

Mandatory business food waste reporting to be introduced by 2022, building on WRAP’s 
existing voluntary scheme.

2022

Legislate for (in England via the Environment Bill, and in Wales, Scotland, and Northern Ireland 
via new legislation) and implement a ban on landfilling of the main biodegradable waste streams 
from 2025 (both municipal and non-municipal). There must be sufficient recycling/composting/
AD treatment capacity made available before the ban comes into force, so that significant 
increases in energy-from-waste are avoided. 

2021

Long-term plans should be announced for eventual diversion of all wastes from landfill (except 
for where no alternative treatment or disposal method exists) but with a date conditional on 
sufficient action on reduction, re-use and recycling, and installation of CCS at energy-from-
waste plants, to avoid a surge in fossil emissions when the ban comes into force.

Mid-2020s

Introduce policies and funding for increased methane capture and oxidation at landfill sites, to 
decrease fugitive landfill methane emissions significantly.

2022

Phase out exports of waste by 2030 at the latest, through improvements in waste prevention 
and domestic recycling and recovery, while strengthening tracking and enforcement to ensure 
that any exports intended for recycling are being treated appropriately.

2020s

Build on the recently commenced innovation programmes (with BEIS), the Direct Air Capture 
and other Greenhouse Gas Removals Competition and UK Greenhouse Gas Removal 
Demonstration Programme, to support both the demonstration and commercialisation of 
more advanced greenhouse gas removal technologies (taking these from technology readiness 
level 5 to 8), and alongside undertake research and development into less advanced removal 
approaches including through pilots and field experiments.

Now and ongoing

Align with adaptation policies to ensure long-term resilience and effectiveness of GGRs in 
the face of climate impacts and exploit potential for co-benefits (e.g. choice of tree species, 
protecting new infrastructure from flood risks).

Before 2025

Consider (with BEIS) the appropriate regulatory arrangements, rules and guidance for the 
use of carbon offsetting by UK corporates within their Net Zero strategies, recognising 
the growing demand for offsetting markets, the interactions with the UK ETS and currently 
accredited schemes (i.e. the Woodland Carbon Code and the Peatland Code), and the need to 
avoid double-counting or negative outcomes for non-carbon objectives.

2021-22

Greenhouse 
gas removals 
and offsets
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Table A5 
Recommendations for the Department for Environment, Food and Rural Affairs (Defra) Timing

Resource 
efficiency

Step up efforts to deliver the waste prevention and resource efficiency improvements 
required as part of the pathway to Net Zero, including by:* 

• Accelerating delivery of the Waste Prevention Programme so that key policies, such as
Extended Producer Responsibility and new product standards, are on track to be in place
well before 2025.

• Setting out how levels of resource efficiency improvements identified within the
Industrial Decarbonisation Strategy will be delivered.

• Beginning to develop and implement any additional policies needed to deliver these
resource efficiency improvements, by the end of 2022.

• Ensure cross-departmental working, potentially through new cross-Whitehall governance
focused on resource efficiency.

Spring 2022 
Priority 
recommendation  

(end 2022 
for additional 
policies)

Consult on detailed proposals for product standards and extended producer responsibility 
to improve the resource efficiency of consumer goods’ lifecycles. The proposals should 
include all consumer goods with high environmental impact and cover how products are made, 
through indicators such as the level of recycled content and critical material content, and the 
repairability, durability and upgradability of a product.

Spring 2022

Develop policies (with BEIS, MHCLG and DfT) to drive more resource-efficient construction 
and use of existing low-carbon materials, including a substantial increase in the use of wood in 
construction. Policies should include:  

• Reviewing and clarifying the position of structural timber in the ban on combustible
materials, underpinned by further research and testing where necessary, and ensuring
there are no barriers to the safe use of timber in buildings. Buildings safety regulator to
play a role in overseeing this on an ongoing basis.

• The development of a fully funded policy roadmap on the use of timber, including policies
to support the development of UK wood supply chains.

• Finalising the reporting methodology for whole-life carbon standards.

• Setting out a plan for phasing in mandatory whole-life reporting followed by
minimum whole-life standards for all buildings, roads and infrastructure by 2025, with
differentiated targets by function, scale, and public/private construction.

Spring 2022

Work with business to encourage and enable consumers to share, lease and use products for 
longer whilst discouraging ‘disposable’ business models.

Spring 2022

Make changes ahead of the next round of reporting under the Adaptation Reporting Power 
(ARP). When used effectively, the ARP can present updated risks and adaptation actions 
that allows for an assessment of preparedness of all infrastructure sectors and their 
interdependencies. In particular:  

• The next round of reporting must be mandatory.

• The deadline for reporting must allow sufficient time for consideration of all the reports
in the fourth UK Climate Change Risk Assessment, and the CCC’s statutory assessment
of progress on adaptation.

• The list of organisations reporting should be expanded to ensure comprehensive
coverage of critical infrastructure and services, such as canals and food supply chains, as
recommended by the ARP3 consultation.

2023

Work with the Environment Agency to set out the measures being taken to improve the 
uptake of property-level flood resilience (PFR) following stakeholder responses to its PFR 
call for evidence and consultation. This should include improved data collection to monitor 
progress. Plans for the new national flood risk assessment and 2025 long-term investment 
scenarios must ensure that the evidence they provide can be used to identify the most 
effective locations for PFR, and smart targets for their installation with timescales.

2022

Work with Port Operators and the British Ports Association to ensure the format of 
reporting under the Adaptation Reporting Power is appropriate for port operators and that 
the right operators are being asked to report, as well as to identify what further support 
could be offered to enable more comprehensive reporting on adaptation by the ports sector.

2023

Improve information sharing on climate risks to infrastructure interdependencies at a 
local level, especially for electricity, digital and ICT networks. As reported in our previous 
assessment in 2019, NAP actions to enhance arrangements for information sharing between 
local infrastructure operators and improve understanding of critical risks arising from 
interdependencies have not been completed. Defra’s link with Local Resilience Forums is 
key, and BEIS and DCMS should engage with utility companies to encourage standardised 
benchmarking and data sharing on climate risks to electricity networks, digital & ICT. 

Now and ongoing

Buildings and 
infrastructure
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Table A5 
Recommendations for the Department for Environment, Food and Rural Affairs (Defra) Timing

Waste and 
wasterwater

Work with the Environment Agency, Ofwat and other stakeholders to set out targets and 
supporting measures for reducing water use by business. This could be through ensuring 
that any water reduction targets linked to the Environment Bill include business as well as 
household water use, and responding to advice and recommendations from Defra’s new Senior 
Water Demand Reduction Group.

2022

Commit innovation funding to development and demonstration of novel wastewater 
treatment process that achieve a step change improvement in direct process emissions.

2022

Outside of the municipal wastewater sector, incentivise industrial wastewater plants to 
reduce their process emissions.

From 2022
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Table A6 
Recommendations for the Department for Transport (DfT) Timing

Cross-
cutting

For the coming five-year period (2023-2028), DfT should outline appropriate actions in the 
next National Adaptation Programme to address the adaptation gap identified for the risks 
and opportunities in the CCRA for which it is the lead department (see Adaptation Report 
Annex).

2023 
Priority 
recommendation

Decisions on investment in roads should be contingent on analysis justifying how they 
contribute to the UK’s pathway to Net Zero. This analysis should demonstrate that the 
proposals would not lead to increases in overall emissions. Wherever possible, investment in 
roads should be accompanied by proportionate investment in EV charging infrastructure and 
in active travel and public transport.

2021-22

Develop policies (with BEIS, Defra and MHCLG) to drive more resource-efficient construction 
and use of existing low-carbon materials. DfT’s focus should be on: 

• Finalising the reporting methodology for whole-life carbon standards

• Contributing to a plan for phasing in mandatory whole-life reporting followed by minimum
whole-life standards for all roads and infrastructure by 2025, with differentiated targets
by function, scale, and public/private construction.

Spring 2022

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Develop a comprehensive policy package to support the supply and uptake of EVs to enable 
delivery of the 2030 phase-out of new petrol and diesel cars and vans. This will require:

• Strong consumer incentives to purchase zero-emission vehicles, whether in the form
of purchase subsidies or preferential tax rates and duties. These should be fair across
consumer groups and scaled back as costs of EVs fall.

• Introducing a zero-emission vehicle mandate requiring car manufacturers to sell a
rising proportion of zero-emission vehicles (specifically, fully battery-electric vehicles),
reaching nearly 50% by 2025 and 100% by 2030, with only a very small proportion of
hybrids allowed alongside until 2035. This will benefit air quality and consumers, as well as
greenhouse gas emissions.

• Setting out ambitious UK regulations on new car and van CO2 intensities to 2030, with
more regular intervals than the EU’s five years, requiring around a 55% reduction by 2025
and 97% by 2030.

Policy package: 
2021  

Support: Now 
and ongoing

Priority 
recommendation

Continue to support widespread deployment of EV charging infrastructure:

• This should ensure it can support high EV uptake levels. Project Rapid has the right
ambition for the strategic road network and should be developed into a full strategy for
the 2020s and beyond.

• Further investment is needed to support on-street and other urban charging solutions
for those without off-street parking and destination charging.

• Government should aim for there to be around 150,000 public charge points operating by
2025. These should be widely available across all regions of the UK.

• Implement the recommendations of the EV Energy Taskforce, in particular improving the
consumer charging experience and making smart-charging accessible, appealing and cost-
effective for as many EV users as possible.

Now and ongoing 
Priority 
recommendation

Produce a clear assessment of how best to re-use and recycle EV batteries and fund 
development of competitive, large-scale battery recycling facilities in the UK.

2021-22

Electric 
vehicles
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Table A6 
Recommendations for the Department for Transport (DfT) Timing

Public 
transport 
and active 
travel

Strengthen support for, and provision of, schemes to support walking, cycling and public 
transport to reduce demand for higher-carbon travel:

• Provision of infrastructure for active travel and other support schemes, as well as
measures to make it less attractive to drive, are needed.

• This should include maintaining positive behaviour shifts and addressing risks resulting
from the COVID-19 pandemic.

• Working across delivery bodies (e.g. local authorities) is critical.

2021-22 
Priority 
recommendation

Government should support the public transport and shared mobility sectors to recover 
from the COVID-19 pandemic: 

• Positive communications and messaging will be required to rebuild public confidence in the
safety of public transport.

• Financial support for the sector should be maintained while confidence and demand are
rebuilt, to avoid the risk of operators cutting service provision.

• Government should seek to reverse the increasing relative price advantage of car travel
over public transport.

2021-22

Set out a clear vision to deliver Net Zero in rail, and support Network Rail and other bodies 
in delivering the target to remove all passenger diesel trains by 2040. This should cover a 
mix of zero-emission technologies (e.g. track electrification, battery-electric, hydrogen and 
hybrid trains). The strategy should be published by 2021 as recommended by the National 
Infrastructure Commission.

2021

Mandate a phase-out of new sales of all diesel buses and coaches by 2040 at the latest. 

• This should include a requirement for new sales of diesel vehicles operating on shorter,
urban routes to end considerably sooner.

• Local authorities should be empowered to continue driving zero-emission bus take-up and
to deliver improvements to bus services.

2021-22

Implement large-scale trials of zero-emission HGVs in the early-2020s to demonstrate 
the commercial feasibility of these technologies and establish the most suitable and cost-
effective technology mix.

Early 2020s

Set out and implement a strategy to transition to zero-carbon freight, including: 

• Ending sales of new diesel HGVs by 2040 at the latest.

• Stronger purchase and other incentives for zero-emission HGVs.

• Infrastructure plans and support (e.g. ultra-rapid chargers for battery-electric HGVs and
hydrogen refuelling stations for hydrogen HGVs).

• Clean air zones.

2021

Implement schemes to reduce HGV and van use in urban areas (e.g. e-cargo bikes and use of 
urban consolidation centres), to reduce traffic and improve the safety of active travel.

2021

Set out a strategy for decarbonisation of off-road mobile machinery and work with industry 
to identify potential policies to increase uptake of low-carbon off-road mobile machinery. This 
will require work across BEIS, MHCLG, DfT and Defra.

2021

Build on the Clean Maritime Plan and formal inclusion of international shipping in CB6 and 
Net Zero to set a Net Zero 2050 goal for UK shipping (including international shipping) and a 
pathway to get there.

2021

Take a leadership role in working with the International Maritime Organisation (IMO) and 
other willing partners on global shipping policies, research funding, tighter efficiency targets 
and other initiatives to reduce shipping emissions. Work to strengthen the IMO 2050 global 
target.

2021-22

Commit to the UK’s first clean maritime cluster(s) operating at commercial scale (supplying 
at least 2 TWh/year of zero-carbon fuels) by 2030 at the latest, with zero-carbon fuels 
expanding to 33% of UK shipping fuel use by 2035.

2021-22

Continue innovation and demonstration support for zero-carbon fuel technologies and their 
use in shipping, and ship efficiency measures. Develop incentives for zero-carbon ammonia and 
hydrogen supply chains.

Early 2020s

Provide support for ports’ investment in shore power and electric recharging infrastructure. Early 2020s

Start monitoring non-CO2 effects of shipping and decide on how best to tackle them 
alongside UK climate targets.

2021

Freight and 
off-road 
mobile 
machinery

Shipping

210

2316  



Table A6 
Recommendations for the Department for Transport (DfT) Timing

Aviation Commit to a Net Zero goal and pathway for UK aviation as part of the forthcoming Aviation 
Decarbonisation Strategy, with UK international aviation reaching Net Zero emissions by 
2050 at the latest, and domestic aviation potentially earlier. Plan for residual emissions (after 
efficiency, low-carbon fuels, and demand-side measures) to be offset by verifiable greenhouse 
gas removals, on a sector net emissions trajectory to Net Zero.

2021 
Priority 
recommendation

Assess the Government’s airport capacity strategy in the context of Net Zero and any 
lasting impacts on demand from COVID-19, as part of the aviation strategy. There should 
be no net expansion of UK airport capacity unless the sector is on track to sufficiently 
outperform its net emissions trajectory and can accommodate the additional demand. A 
demand management framework will need to be developed (by 2022) and be in place by the 
mid-2020s to annually assess and, if required, control sector GHG emissions and non-CO2 
effects.

2021-22 
Priority 
recommendation

Take a leadership role within the International Civil Aviation Organisation (ICAO), and work 
with other high-ambition nations, to set a long-term goal for aviation consistent with the Paris 
Agreement, strengthen the CORSIA scheme and align CORSIA to this long-term goal.

2021-22

Continue innovation and demonstration support for sustainable aviation fuel (SAF) 
technologies, aircraft efficiency measures, hybrid, full electric and hydrogen aircraft 
development and airspace modernisation. Set out a policy package for supporting the near-
term deployment of commercial SAF facilities in the UK (with carbon capture and storage 
where applicable).

Longer-term, support for SAF should transition to a more bespoke, enduring policy to drive 
uptake.

Now and ongoing   

Policy package in 
2021

Use aviation tax reform to address price imbalances between aviation and surface transport, 
encouraging the low-carbon alternative (e.g. rail) for journeys where one exists. Taxation should 
also be used, alongside improvements in broadband, to embed positive behaviours that have 
arisen during the pandemic (e.g. replacing business travel with online networking).

2021-22

Commit to not use credits from the Carbon Offsetting and Reduction Scheme for 
International Aviation (CORSIA) for flights covered by the UK ETS unless and until they can 
satisfy strict eligibility criteria (equivalence, additionality, permanence, sustainability).

2021-22

Start monitoring non-CO2 effects of aviation (including through CORSIA for eligible 
aeroplane operators), set a minimum goal of no further warming after 2050, research 
mitigation options, and consider how best to tackle non-CO2 effects alongside UK climate 
targets without increasing CO2 emissions.

2021-22
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Table A7 
Recommendations for the Ministry of Housing, Communities and Local Government (MHCLG) Timing

Cross-
cutting

Support local government to play a full role in the Net Zero transition, including through 
increased resourcing, guidance, involvement in local area energy plans, statutory reporting on 
the emissions from their estate and reforming the planning framework to enable delivery of 
low-carbon and climate resilient measures.

This is likely to require additional funding for staffing and resources for local delivery plans, 
alongside a ‘duty to collaborate’ to encourage authorities to work with local, regional and 
national partners to deliver their climate ambitions.

2021-23  
Priority 
recommendation

(funding for local 
areas at next 
budget)

Ensure that adaptation is integrated into major upcoming policies in the next two years 
related to the priority CCRA3 risks for which MHCLG has lead responsibility, coordinating 
work with other relevant departments as necessary:

• Risks to human health, wellbeing and productivity from increased exposure to heat in
homes and buildings (with DHSC).

• In addition, for the coming five-year period (2023-2028), MHCLG should outline
appropriate actions in the next National Adaptation Programme to address the
adaptation gap identified for the risks and opportunities in the CCRA for which it is the
lead department (see Adaptation Report Annex).

By 2023 
Priority 
recommendation

Working with BEIS, DWP, DfE and the Home Office, develop a strategy for a Net Zero 
workforce that ensures a just transition for workers transitioning from high-carbon to low-
carbon and climate-resilient jobs, integrates relevant skills into the UK’s education framework 
and actively monitors the risks and opportunities arising from the transition. This strategy 
should include the development and roll-out of plans for training and skills, with buildings and 
manufacturing being priority areas.

2021 
Priority 
recommendation

Ensure that developments and infrastructure are compliant with Net Zero and appropriately 
resilient to climate change through proposed amendments to the Planning Bill.

2021-22

Introduce an urban greenspace target to reverse the decline and ensure towns and cities are 
adapted to more frequent heatwaves in the future and that the 25-Year Plan goals are met.

2022

Ensure all departmental policy decisions, planning decisions and procurement decisions, are 
consistent with the Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Ensure that all types of current and future flood risk are included in policies to assess flood 
risk to new developments. Housing targets for local authorities should take account of flood 
risk, amongst other environmental issues. Assessments and management of flood risk in new 
developments must as a minimum:  

• Include evidence that the development will be safe over its full lifetime, with a
consideration of the downstream interactions and impacts of new developments (i.e. it
should not increase flooding in other areas).

• Include an assessment of current and future flood risk under both 2°C and 4°C global
climate scenarios.

• Assess and manage the risk of flooding to local infrastructure as well as housing.

• Include a consideration of better preparedness as set out in the Government’s recent
FCERM Policy Statement.

• Ensure there are properly funded and trained staff in local authorities.

2022

To help improve the information on SuDS and surface water flood risk, urgently begin 
collecting data on sewer capacity and SuDS location, type and capacity. This would bring the 
level of information in line with that for river and coastal flood risk defences.

2021

To address the issue of increased risk of surface water flooding in new developments, commit 
to ensuring that new developments do not put more water into the public sewers than what 
was there before, taking into account climate change. To incentivise this, end the automatic 
right to connect to the public sewer; planning reforms should enact Schedule 3 of the Flood 
and Water Management Act (2010); and technical SuDS standards should be made mandatory 
and be updated to deliver SuDS that provide multiple economic, social and environmental 
benefits.

2022

The consultation process for surface water flood risk must be improved. This should be done 
by adding statutory consultees for all development type and sizes. Consultees must have 
the appropriate skills to provide advice on surface water flood mitigation. Ensure that Local 
Authorities fully justify planning decisions where applications can proceed either without or 
going against formal flood risk mitigation advice.

2022

Flooding
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Table A7 
Recommendations for the Ministry of Housing, Communities and Local Government (MHCLG) Timing

Buildings Implement a strong set of standards – with robust enforcement – that ensure both new 
and existing buildings are designed for a changing climate and deliver high levels of energy 
efficiency and low-carbon heat. Including:

• Publish robust definitions of the Future Homes Standard and Future Buildings Standard
which are legislated in advance of 2023 and ensure no fossil fuels are burnt in new
buildings. This must include coordination with DfE, MoJ, DHSC as well as BEIS and HMT.

• Regulate the overheating requirement as set out in the Future Buildings Standard
consultation. Expand the requirement to cover refurbishments of existing buildings and
conversions of non-residential buildings to residential.

• Work with BEIS on the Heat and Buildings Strategy and use standards to set a clear
direction for retrofit across the buildings stock.

• Ensure that the remit of the new buildings safety regulator covers climate change
mitigation and adaptation, strengthened through an explicit responsibility for
sustainability; and is fully equipped to monitor and enforce compliance with buildings
standards.

• Work with HM Treasury to ensure that local authorities are properly funded to enforce
buildings standards.

• Close loopholes allowing homes to be built which do not meet the current minimum
standards for new dwellings. This includes provisions around the expiry of planning
permission and permitted development rights relating to change of use. Make accurate
performance testing and reporting widespread, committing developers to the standards
they advertise.

2021-22 
Priority 
recommendation

Develop and implement plans to make all public-sector buildings and vehicle fleets within 
the department’s remit zero-carbon in the long term, switching to ultra-low emission 
vehicles by 2030 and halving emissions from public buildings by 2032. This must be part of a 
coherent cross-government strategy including an updated set of Greening the Government 
commitments, multi-year spending commitments and annual reporting.

2021-22

Implement improvements to the Energy Performance Certificate (EPC) and Standard 
Assessment Procedure (SAP) framework, including:  

• Ensuring EPCs drive deployment of the necessary energy efficiency measures and do so
on a holistic basis to address overheating, ventilation, and moisture-risk.

• Supporting delivery objectives across both energy efficiency and low-carbon heat, and
valuing properly the benefits of low-carbon and flexible technologies.

• Formally integrating a forward trajectory for declining grid carbon-intensity, in line with
Government projections.

• Addressing wider issues of quality/robustness, with a commitment to integrate in-use
performance metrics from 2023.

• Plans for the future role of Green Building Passports.

2022

Step up efforts to deliver the waste prevention and resource efficiency improvements 
required as part of the pathway to Net Zero, including by:

• Setting out how levels of resource efficiency improvements in construction identified
within the Industrial Decarbonisation Strategy will be delivered.

• Beginning to develop and implement any additional policies needed to deliver these
resource efficiency improvements, by the end of 2022.

• Ensure cross-departmental working, potentially through new cross-Whitehall governance
focused on resource efficiency.

Spring 2022   
Priority 
recommendation

(end 2022 
for additional 
policies)

Develop policies (with BEIS, Defra and DfT) to drive more resource-efficient construction 
and use of existing low-carbon materials, including a substantial increase in the use of wood in 
construction. Policies should include:  

• Reviewing and clarifying the position of structural timber in the ban on combustible
materials, underpinned by further research and testing where necessary, and ensuring
there are no barriers to the safe use of timber in buildings. Buildings safety regulator to
play a role in overseeing this on an ongoing basis.

• The development of a fully funded policy roadmap on the use of timber, including policies
to support the development of UK wood supply chains.

• Finalising the reporting methodology for whole-life carbon standards.

• Setting out a plan for phasing in mandatory whole-life reporting followed by
minimum whole-life standards for all buildings, roads and infrastructure by 2025, with
differentiated targets by function, scale, and public/private construction.

Spring 2022

Set out a strategy for decarbonisation of off-road mobile machinery and work with industry 
to identify potential policies to increase uptake of low-carbon off-road mobile machinery. This 
will require work across BEIS, MHCLG, DfT and Defra.

2021

Construction
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Table A8 
Recommendations for the Department for Digital, Culture, Media and Sport (DCMS) Timing

Cross-
cutting

Support BEIS in developing a public engagement strategy for Net Zero which builds on the 
findings of the UK Climate Assembly by involving people in decision-making, providing trusted 
information on decarbonisation choices and the need to reduce emissions and adapt to 
climate change. The strategy should also identify preferred policy options to empower people 
to contribute fully towards the path to Net Zero.

2021-22 
Priority 
recommendation

For the coming five-year period (2023-2028), outline appropriate actions in the next 
National Adaptation Programme to address the adaptation gap identified for the risks and 
opportunities in the CCRA for which it is the lead department (see Adaptation Report Annex).

2023 
Priority 
recommendation

Work in partnership with Ofgem to publish and implement a new Smart System Plan and 
Energy Data and Digitalisation Strategy, including on cyber-security, in order to continue 
to unlock the full benefits of electricity system flexibility. Ensure that, alongside smart 
standards for heating, all electricity users have access to half-hourly metering and the option 
of tariffs that encourage flexibility in use of electric heat and electric vehicle charging.

2021

Ensure sport and culture strategies align to other departments’ plans for lower-carbon 
buildings, more active travel and improved public health.

2021

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Ensure plans for a digital transition and fibre roll-out can complement changing work patterns 
and travel behaviours, leading to lower-carbon working. Co-ordinate with DfT to invest in 
digital infrastructure to lock in positive behaviours that reduce travel demand (e.g. home-
working).

2021

Resilience standards for the digital sector must include requirements pertaining to climate 
change risks. In addressing the National Infrastructure Commission recommendations from 
the Resilience Study, Government should incorporate consideration of climate change 
risks and adaptation actions into any new standards being developed. Standards for digital 
infrastructure operators should include requirements to:  

• Assess climate risks under both 2°C and 4°C global climate scenarios.

• Consider interdependencies with other critical infrastructure, and

• Set out actions to reduce risk and monitor progress.

2022

Improve information sharing on climate risks to infrastructure interdependencies at a 
local level, especially for electricity, digital and ICT networks. As reported in our previous 
assessment in 2019, NAP actions to enhance arrangements for information sharing between 
local infrastructure operators and improve understanding of critical risks arising from 
interdependencies have not been completed. Defra’s link with Local Resilience Forums is 
key, and BEIS and DCMS should engage with utility companies to encourage standardised 
benchmarking and data sharing on climate risks to electricity networks, digital & ICT. 

Now and ongoing

Digital 
infrastructure
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Table A9 
Recommendations for the Department for Education (DfE) Timing

Working with BEIS, DWP, MHCLG and the Home Office, develop a strategy for a Net Zero 
workforce that ensures a just transition for workers transitioning from high-carbon to low-
carbon and climate-resilient jobs, integrates relevant skills into the UK’s education framework 
and actively monitors the risks and opportunities arising from the transition. This strategy 
should include the development and roll-out of plans for training and skills, with buildings and 
manufacturing being priority areas.

2021 
Priority 
recommendation

Support BEIS in developing a public engagement strategy for Net Zero which builds on the 
findings of the UK Climate Assembly by involving people in decision-making, providing trusted 
information on decarbonisation choices and the need to reduce emissions and adapt to 
climate change. The strategy should also identify preferred policy options to empower people 
to contribute fully towards the path to Net Zero.

2021-22 
Priority 
recommendation

For the coming five-year period (2023-2028), DfE should outline appropriate actions in the 
next National Adaptation Programme to address the adaptation gap identified for the one 
risk in the CCRA for which it is the lead department (see Adaptation Report Annex).

2023 
Priority 
recommendation

Develop and implement plans to make all public-sector buildings and vehicle fleets within 
the department’s remit zero-carbon in the long term, switching to ultra-low emission 
vehicles by 2030 and halving emissions from public buildings by 2032. This must be part of a 
coherent cross-government strategy including an updated set of Greening the Government 
commitments, multi-year spending commitments and annual reporting.

2021-22

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Table A10 
Recommendations for the Department for Work and Pensions (DWP) Timing

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Working with BEIS, DfE, MHCLG and the Home Office, develop a strategy for a Net Zero 
workforce that ensures a just transition for workers transitioning from high-carbon to low-
carbon and climate-resilient jobs, integrates relevant skills into the UK’s education framework 
and actively monitors the risks and opportunities arising from the transition. This strategy 
should include the development and roll-out of plans for training and skills, with buildings and 
manufacturing being priority areas.

2021 
Priority 
recommendation

Design industrial decarbonisation policies to support and create jobs, especially in regions 
with reliance on industrial jobs.

Now and ongoing

Develop and implement plans to make all public-sector buildings and vehicle fleets within 
the department’s remit zero-carbon in the long term, switching to ultra-low emission 
vehicles by 2030 and halving emissions from public buildings by 2032. This must be part of a 
coherent cross-government strategy including an updated set of Greening the Government 
commitments, multi-year spending commitments and annual reporting.

2021-22
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Table A11 
Recommendations for the Department of Health and Social Care (DHSC) Timing

For the coming five-year period (2023-2028), DHSC should outline appropriate actions in the 
next National Adaptation Programme to address the adaptation gap identified for the risks 
and opportunities in the CCRA for which it is the lead department (see Adaptation Report 
Annex).

2023 
Priority 
recommendation

Assess health sector vulnerability to existing and future climate risks, particularly for care 
homes and home-based care. Following this, develop a cross-sector approach to address risks. 
This cross-sector approach should include input from DHSC, CQC, PHE, NHS, MHCLG and 
local level public health bodies.

2022

Fund the strengthening and widening of vector and pathogen surveillance and early-warning 
mechanisms, due to the increasing risk of disease spread as a result of climate change and 
other factors.

Now and ongoing

Develop and implement plans to make all public-sector buildings and vehicle fleets within 
the department’s remit zero-carbon in the long term, switching to ultra-low emission 
vehicles by 2030 and halving emissions from public buildings by 2032. This must be part of a 
coherent cross-government strategy including an updated set of Greening the Government 
commitments, multi-year spending commitments and annual reporting.

Now and ongoing

Support the NHS in delivering on its Net Zero plan. Now and ongoing

Take an active role in climate policy development that also has health benefits, such as active 
travel, access to green space, air quality, better buildings and healthier diets.

Now and ongoing

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Table A12 
Recommendations for the Home Office and the Ministry of Justice (MoJ) Timing

For the coming five-year period (2023-2028), MoJ should outline appropriate actions in the 
next National Adaptation Programme to address the adaptation gap identified for the risks in 
the CCRA for which it is the lead department (see Adaptation Report Annex).

2023 
Priority 
recommendation

Home Office, BEIS, DWP, DfE and MHCLG, should develop a strategy for a Net Zero 
workforce that ensures a just transition for workers transitioning from high-carbon to low-
carbon and climate-resilient jobs, integrates relevant skills into the UK’s education framework 
and actively monitors the risks and opportunities arising from the transition. This strategy 
should include the development and roll-out of plans for training and skills, with buildings and 
manufacturing being priority areas.

2021 
Priority 
recommendation

Develop and implement plans to make all public-sector buildings and vehicle fleets within 
the department’s remit zero-carbon in the long term, switching to ultra-low emission 
vehicles by 2030 and halving emissions from public buildings by 2032. This must be part of a 
coherent cross-government strategy including an updated set of Greening the Government 
commitments, multi-year spending commitments and annual reporting.

2021-22

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Table A13 
Recommendations for the Ministry of Defence (MoD) Timing

Ensure all departmental policy decisions, and procurement decisions, are consistent with the 
Net Zero goal and reflect the latest understanding of climate risks.

Now and ongoing

Develop and implement plans to make all public-sector buildings and vehicle fleets within 
the department’s remit zero-carbon in the long term, switching to ultra-low emission 
vehicles by 2030 and halving emissions from public buildings by 2032. This must be part of a 
coherent cross-government strategy including an updated set of Greening the Government 
commitments, multi-year spending commitments and annual reporting.

2021-22

Assess the potential for alternative fuels (such as low-carbon electricity, hydrogen or 
bioenergy) to be used for land vehicles, ships and aircraft, and consider opportunities to 
support wider use of low-carbon technologies in civil applications (e.g. through research or 
demonstration).

Now and ongoing
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Table A14 
Recommendations for the Office of Gas and Electricity Markets (Ofgem) Timing

Continue to support widespread deployment of EV charging infrastructure:

• This should ensure it can support high EV uptake levels. Project Rapid has the right
ambition for the strategic road network and should be developed into a full strategy for
the 2020s and beyond.

• Further investment is needed to support on-street and other urban charging solutions
for those without off-street parking and destination charging.

• Around 150,000 public charge points will need to be operating by 2025. These should be
widely available across all regions of the UK.

• Implement the recommendations of the EV Energy Taskforce, in particular improving the
consumer charging experience and making smart-charging accessible, appealing and cost-
effective for as many EV users as possible.

Now and ongoing 
Priority 
recommendation

Ensure all regulatory decisions, and procurement decisions, are consistent with the Net Zero 
goal and reflect the latest understanding of climate risks.

Now and ongoing

Develop mechanisms for strategic investment in coordination with BEIS to ensure that 
electricity networks can accommodate increased future demand levels, including large 
localised demand increases associated with electrification in manufacturing, transport and 
buildings, and that lack of network capacity does not cause delays in emissions reduction.

2023

Start a programme of research with BEIS to identify areas which are unlikely to be suitable 
for hydrogen (such that electrification and alternatives can be prioritised), alongside priority 
candidate areas for hydrogen. Distribution Network Operators should gather and share 
detailed information on network capacity (at least to substation level) to feed into this.

2021

Set out reforms to encourage the utilisation of existing network capacity and ensure that 
costs of local network upgrades are shared fairly and do not disincentivise the roll-out of low-
carbon technologies.

2021

Work in partnership with BEIS to publish and implement a new Smart System Plan and Energy 
Data and Digitalisation Strategy, including working with DCMS on cyber-security, in order 
to continue to unlock the full benefits of electricity system flexibility. Ensure that, alongside 
smart standards for heating, all electricity users have access to half-hourly metering and the 
option of tariffs that encourage flexibility in use of electric heat and electric vehicle charging.

2021

Develop (with BEIS) a strategy to coordinate the development of interconnectors, 
connections for offshore wind farms and the enhancement of inter-area transfer capacity for 
the onshore network, ensuring cost-effective, timely delivery, bringing forward any legislation 
necessary to enable it.

H1 2022

Work with BEIS to make explicit how current and future policies will reduce emissions 
associated with methane leakage from the gas networks in a way that is consistent with the 
Sixth Carbon Budget.

2021

Table A15 
Recommendations for the Water Services Regulation Authority (Ofwat) Timing

Ensure all regulatory decisions, and procurement decisions, are consistent with the Net Zero 
goal and reflect the latest understanding of climate risks.

Now and ongoing

Include decarbonisation as one of Ofwat’s core principles, to assist the water industry’s goal 
of decarbonising by 2030, and the need to roll out advanced anaerobic digestion systems.

2021

Work with Defra, the Environment Agency and other stakeholders to set out targets and 
supporting measures for reducing water use by business. This could be through ensuring 
that any water reduction targets linked to the Environment Bill include business as well as 
household water use as well as responding to advice and recommendations from Defra’s new 
Senior Water Demand Reduction Group.

2022

Table A16 
Recommendations for the Office for National Statistics (ONS) Timing

Review plan for improving data collection and statistical reporting for the purposes of 
monitoring and informing the low-carbon transition, as part of the broader work the ONS are 
already undertaking to improve the collection of climate-related data.

2022

Work with BEIS to put in place plans to collect and report data annually on low-carbon heat 
networks, specifically, the amount of heat delivered (split by DUKES consumption sector, i.e. 
Residential/Public/Commercial/Industry, and where possible, by source of heat supply). 

2022

Improve the collection and reporting of industrial decarbonisation data to allow for progress 
to be monitored more effectively, particularly on energy and resource efficiency.

2022
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Table A17 
Recommendations for the Scottish Government Timing

Scale up delivery across all sectors in line with the ambition set out in the recent Climate 
Change Plan Update.

Now and ongoing

Publish the finalised Heat in Buildings strategy. 

• This must include finalising the regulatory framework and role of different trigger points
(including area-based plans), and setting in train the legislation needed to underpin these.

• Consult on the trajectory of reform for metrics such as EPCs, to ensure they are robust
and enforceable, fit for purpose to deliver the measures needed on a holistic basis, do
not disincentivise low-carbon heat, integrate in-use performance metrics from 2023, and
include plans for the future role of Green Building Passports.

• Provide further detail on the ambition for heat networks and heat pumps over the coming
decade, and determine how funding for energy efficiency and low-carbon heat will be
allocated to meet strategic priorities.

2021

Proposals in Scotland’s Updated Climate Change Plan 2018-32 to set out a route map for 
agricultural transformation should be scaled up, with the development of environmental 
conditionality that incentivises emission reduction and carbon sequestration measures in 
the land sector that build towards Scotland’s climate goals. It is essential that appropriate 
incentives are in place to drive early action, given the time (often decadal) needed for some 
measures to reduce and sequester carbon (e.g. afforestation and peat restoration).

2021

Renew efforts to improve recycling and resource efficiency, including by:

Bringing forward the planned circular economy package for legislating within the forthcoming 
Programme for Government.

Putting in place the policy and support to ensure the 2025 targets (including the 70% 
recycling target) within the package are delivered, and setting new ambitious targets for 
2030.

Legislating to ban key biodegradable waste streams going to landfill from 2025, and ensuring 
this is delivered through increased resource efficiency and recycling.

2021

Publish a strategy setting out how the Scottish Government will achieve a 20% reduction in 
car-kilometres by 2030 and deliver 20-minute neighbourhoods. This should be supported by:

Continuing to strengthen schemes to support walking, cycling, and public transport.

Investment in infrastructure connectivity to lock in positive behavioural changes that reduce 
travel demand (e.g. home-working).

Supporting the public transport and shared mobility sectors to recover from the COVID-19 
pandemic, including through recovery funding and positive communication and messaging. 

2021

Continue to support the expansion of Scotland’s public EV charge point network, to ensure 
the EV transition works for all road users in Scotland.

Now and ongoing

Maintain the provision of interest-free loans for EVs (now including second-hand EVs) on top 
of existing UK government grants. Plan for a transition to fiscally-neutral incentives as EV 
costs fall. 

2021-22

Taxation should be used, alongside improvements in broadband, to embed positive behaviours 
that have arisen during the pandemic, replacing business travel with videoconferencing and 
online collaboration.

2021-22

Seek to address price imbalances between aviation and surface transport, once aviation 
taxation is devolved to Scotland, encouraging the low-carbon alternative (e.g. rail) for journeys 
where one exists.

2021-22

Play a leading role in decarbonising the shipping sector by exploring opportunities to 
transition ferries operated by Transport Scotland to low-carbon energy and establishing 
appropriate business models to encourage their adoption.

Now and ongoing
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Table A18 
Recommendations for the Welsh Government Timing

Publish a new Net Zero Delivery Plan that sets out a long-term vision for meeting the Net 
Zero goal in 2050, with a particular focus on the Third Carbon Budget and beyond.

2021

Publish a coherent, long-term strategy for heat and energy efficiency in Welsh homes and 
other buildings, setting a framework for progress in areas of devolved responsibility. 

As part of this, energy efficiency policy should be designed so as to ensure that funds go as 
far as possible in reducing the fuel poverty gap and improving the energy efficiency of homes, 
by focusing on the most cost-effective interventions (including upgrading homes to EPC B 
and EPC C where applicable).

2021

Deliver on the priorities set out in Llbwyr Newydd to reduce demand for higher-carbon travel. 
This includes:

• Delivering a better, more integrated, decarbonised bus system.

• Developing a network of connected local routes for walking and cycling.

• Investing in infrastructure connectivity to enable delivery of the ambition for 30% of the
workforce to work remotely on a regular basis.

• Supporting the public transport and shared mobility sectors to recover from the
COVID-19 pandemic, including through recovery funding and positive communication and
messaging.

2021-22 

Support delivery of a charging network that meets the ambition set out in the Electric 
Vehicle Charging Strategy, to ensure the EV transition works for all road users in Wales.

Now and ongoing

The Welsh Government’s second statutory decarbonisation plan (LCDP2), due out later this 
year, should set out policies to accelerate afforestation rates to deliver its share of the UK 
target to plant 30,000 hectares in 2025.

2021 

Build on strong progress made on recycling and resource efficiency, including by:

• Implementing the policies set out in the recent ‘Beyond Recycling’ strategy.

• Legislating and progressing towards the existing 70% recycling target, and set new
ambitious targets for 2030.

• Legislating to ban key biodegradable waste streams going to landfill from 2025, and
ensuring this is delivered through increased resource efficiency and recycling.

2021
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Table A19 
Recommendations for the Northern Ireland Executive Timing

Legislate a credible long-term emissions reduction target that is backed up by evidence on 
its deliverability and a clear plan for how it can be achieved in a way that is fair for Northern 
Ireland’s citizens – the Committee previously advised that an 82% reduction on 1990 levels by 
2050 is Northern Ireland’s appropriate contribution to the Paris Agreement and the UK Net 
Zero goal.

2021-22

Publish a final energy strategy that sets out how Northern Ireland will achieve a net-zero-
carbon energy system by 2050, in line with the pathways recommended in our December 
2020 advice.

2021

Publish a coherent, long-term strategy for heat and energy efficiency in Northern Ireland’s 
homes and other buildings; encompassing regulatory, policy and funding commitments to 
facilitate delivery. 

• The strategy should include a trajectory of regulatory standards for energy efficiency,
supported by reforms to relevant metrics (such as EPCs) to ensure they drive the
measures needed on a holistic basis and do not disincentivise low-carbon heat. Reforms
should ensure metrics are robust and enforceable such that standards targeted are
achieved in practice.

• Publish proposals on the phase-out of fossil fuel heating, including standards to phase out
the installation of new liquid and solid fossil fuel heating. Proposals should recognise the
critical role of heat pumps and hybrid heat pumps in these homes, minimising the use of
biofuels to reflect economy-wide needs.

2022

Consult on an ambitious trajectory of new-build standards uplifts, including ensuring all new 
homes are designed for a changing climate, are ultra-efficient and use low-carbon heating 
from 2025. 

2021

Set out provisions to integrate a post-CAP framework that helps the land sector contribute 
to Northern Ireland’s climate goals as soon as the climate legislation is introduced. This 
should include providing incentives for landowners and tenants to deliver low-carbon farming 
practices and change the use of land to reduce emissions and increase carbon sequestration. 

2022

The Northern Ireland Executive should bring forward a resource efficiency package which 
matches the ambition of Wales and Scotland, including by:

• Setting a target for 70% recycling across all wastes by 2030.

• Policies to deliver such a target, as well as improving waste prevention and re-use.

• Legislating to ban key biodegradable waste streams going to landfill from 2025, and
ensuring this is delivered through increased resource efficiency and recycling.

2022

Strengthen support for and provision of schemes to support walking, cycling and public 
transport to reduce Northern Ireland’s high levels of car-dependence:

• Strengthen schemes to ensure access to local amenities without dependency on cars.

• Invest in infrastructure connectivity to lock in positive behavioural changes that reduce
travel demand, e.g. home-working.

• Support the public transport and shared mobility sectors to recover from the COVID-19
pandemic, including through recovery funding and positive communication and messaging.

2021-22

Support the deployment of public charge points across Northern Ireland, to address the 
issue that Northern Ireland currently has the fewest EV charge points per capita of any of 
the UK nations.

Now and ongoing

Resume collecting and publishing data on vehicle-kilometres travelled by mode in Northern 
Ireland. This will help identify which actions are effective in encouraging modal shift away from 
car travel.

2021-22

Long-haul air passenger duty, which is devolved to Northern Ireland, should be increased at 
least in line with UK-wide long-distance APD, to better reflect the climate change impact of 
flying.

2021-22
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Joint Foreword 

The UK’s Climate Change Act had extraordinary foresight. It laid the groundwork 
for the nation’s escalating climate ambition. It anticipated, correctly, the need to 
cajole governments into climate plans that would not otherwise fit the political 
cycle. It has kept UK climate policies rooted in the scientific realities and the 
technical feasibilities.  

That framework now faces its sternest test, as demand grows to see Net Zero 
delivered; as the urgency becomes more obvious; and as the inadequacies of our 
planning for the impacts of climate change become clear.  

The rigour of the Climate Change Act helped bring COP26 to the UK, but it is not 
enough for Ministers to point to the Glasgow summit and hope that this will carry 
the day with the public. Leadership is required, detail on the steps the UK will take 
in the coming years, clarity on tax changes and public spending commitments, 
active engagement with people and businesses across the country. These steps 
are essential, so people can see opportunity in climate-positive choices. We 
cannot rely on good will alone.  

This demands a step change in Government action, but it is hard to discern any 
comprehensive strategy in the climate plans we have seen in the last 12 months. 
There are gaps and ambiguities. Climate resilience remains a second-order issue, if 
it is considered at all. We continue to blunder into high-carbon choices. Our 
Planning system and other fundamental structures have not been recast to meet 
our legal and international climate commitments.  

We commend Ministers for accepting our advice on the future path for UK 
emissions. The setting of the UK’s 2030 NDC, the passing into law of the Sixth 
Carbon Budget, the decision to bring international aviation and shipping emissions 
within the UK carbon budgets; all were made on the Committee’s 
recommendation. But the Committee’s advice to step-up the ambition and 
resourcing of adaptation continues to go unheeded. And the willingness to set 
emissions targets of genuine ambition contrasts with a reluctance to implement 
the realistic policies necessary to achieve them.  

It has therefore been a year of climate contradictions. Important statements of 
ambition, like the agreement to phase out the sale of petrol and diesel cars and 
vans, have been undermined by delays to essential legislation and much-needed 
plans to decarbonise buildings and improve their climate resilience. We await a 
Treasury Net Zero Review, once promised in autumn 2020. The transport 
decarbonisation plan is still slated, somewhat optimistically, for spring 2021. A 
pattern has emerged of Government strategies that are later than planned and, 
when they do emerge, short of the required policy ambition. 

There is still time to address this. This Progress Report offers more than 200 policy 
recommendations, covering every part of Government. The opportunity to 
implement them is there. Before COP26, a Net Zero Strategy is promised, which will 
carry the greatest weight if it is accompanied by Treasury’s review of funding. The 
Government’s climate change risk assessment, due in early 2022, can change the 
tone on adaptation and climate risk management. But it is time for the 
Government to implement these changes with the urgency that the science 
demands.  
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COVID-19 casts a long shadow, but there are three broad lessons from the 
pandemic: first, we have seen the critical importance of effective planning for 
high-impact eventualities; second, we have experienced the ability of government 
to act with pace and scale when it is required; and third, we have learned that 
people are willing to support change when they have the information before 
them.  

These lessons can shape a successful COP26 summit in November. With strong 
climate plans at home, the UK Presidency can have global influence. Our message 
to Government is simple: act quickly – be bold and decisive. Your moment has 
arrived.  

Lord Deben                            Baroness Brown 
Chairman, Climate Change Committee      Chair, Adaptation Committee
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Overall progress in climate policy: Net Zero and adaptation 

We are in the decisive decade for tackling climate change. Global emissions of 
greenhouse gases are as high as they have ever been. Nevertheless, green shoots 
of progress suggest this can change. And it must. The 2010s was the hottest 
decade on record globally, driving dangerous weather patterns and affecting 
societies and ecosystems around the world. Without a much stronger and urgent 
effort, we will breach 1.5°C of warming in the early 2030s and remain ill-prepared 
for the future. 

Global emissions must be cut rapidly to Net Zero, integrated with actions to adapt 
to the climate risks and impacts. Action must occur across the world, with richer 
countries acting earliest, while offering support for poorer countries. As host of the 
upcoming UN climate talks (‘COP26’) the UK has a particular responsibility to 
implement effective climate action and drive global efforts. 

The UK’s record to date is strong in parts, but it has fallen behind on adapting to 
the changing climate and has not yet provided a coherent plan to reduce 
emissions in the critical decade ahead: 

• Statutory framework for climate. The UK has a strong climate framework 
under the Climate Change Act (2008), with legally-binding emissions 
targets, a process to integrate climate risks into policy, and a central role for 
independent evidence-based advice and monitoring. This model has 
inspired similar climate legislation across the world. 

• Emissions targets. The UK has adopted ambitious territorial emissions targets 
aligned to the Paris Agreement: the Sixth Carbon Budget requires an 
emissions reduction of 63% from 2019 to 2035, on the way to Net Zero by 
2050. These are comprehensive targets covering all greenhouse gases and 
all sectors, including international aviation and shipping.  

• Emissions reduction. The UK has a leading record in reducing its own 
emissions: down by 40% from 1990 to 2019, the largest reduction in the G20, 
while growing the economy (GDP increased by 78% from 1990 to 2019). The 
rate of reductions since 2012 (of around 20 MtCO2e annually) is 
comparable to that needed in the future. 

• Climate Risk and Adaptation. The UK has undertaken three comprehensive 
assessments of the climate risks it faces, and the Government has published 
plans for adapting to those risks. There have been some actions in response, 
notably in tackling flooding and water scarcity, but overall progress in 
planning and delivering adaptation is not keeping up with increasing risk. 
The UK is less prepared for the changing climate now than it was when the 
previous risk assessment was published five years ago. 

• Climate finance. The UK has been a strong contributor to international 
climate finance, having recently doubled its commitment to £11.6 billion in 
aggregate over 2021/22 to 2025/26. This spend is split between support for 
cutting emissions and support for adaptation, which is important given 
significant underfunding of adaptation globally. However, recent cuts to 
the UK’s overseas aid are undermining these commitments. 

The 2020s must be a decisive 
decade for climate action. 

The world needs to cut 
emissions and adapt to climate 
risks. 

The UK has a strong track 
record on climate action, but it 
is incomplete. 
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The UK’s record on climate change compares well with that of other countries. But 
despite the recent willingness of the Government to raise ambition to cut emissions, 
delays in policy and implementation continue. Much greater urgency is now 
required from Ministers: 

• The ambition of the last year must be turned into policy and real-world 
delivery. The UK has begun to reinforce its new emissions targets with clear 
ambition for specific sectors in line with the required path (e.g. 40 GW 
offshore wind by 2030, phase-out of petrol and diesel cars and vans by 
2030, 30,000 hectares annual afforestation by 2025). However, some 
commitments fall short and key strategies have been delayed, leaving 
holes in ambition. Policies to deliver on the commitments are mostly still to 
be developed.  

• Progress must extend across the economy. The relative success of reducing 
emissions in the electricity sector to date has not been matched in 
transport, buildings, industry, or agriculture. Only a few sectors have strong 
plans to adapt to the current and future climate, leaving key risks to the 
UK’s infrastructure and natural environment. Some government 
departments are not sufficiently prioritising climate change, and none are 
yet moving at the pace required.  

• A robust plan is needed for adaptation. The UK does not yet have a vision 
for successful adaptation to climate change, nor measurable targets to 
assess progress. Not one of the 34 priority areas assessed in this year’s 
progress report on adaptation is yet demonstrating strong progress in 
adapting to climate risk. Policies are being developed without sufficient 
recognition of the need to adapt to the changing climate. This undermines 
their goals, locks in climate risks, and stores up costs for the future. 

• The climate challenge must be reflected throughout policy and planning. 
Climate risks affect all aspects of society, while any new source of emissions 
could put the Net Zero path at risk. Climate change must therefore be 
integrated throughout policy and planning decisions, and must be a key 
consideration in the Government’s proposed planning reforms.  

As the UK rebuilds after the COVID-19 pandemic, there is an opportunity to make 
systemic changes that will fill the gaps in the UK’s climate response. Now is the time 
to invest in the UK’s future through accelerated action to cut emissions and adapt 
to the changing climate, while supporting the global transition.  

• Delivering Net Zero. The Government has promised a Net Zero Strategy 
before COP26. It must set clear and integrated ambitions across the 
economy that will meet the Sixth Carbon Budget, and indicate how they 
will be funded fairly. Efforts must then shift quickly to focus on 
implementation and delivery. The pace of policy development must 
accelerate. Credible policies should be fully functioning and properly 
funded by the end of the current Parliament (i.e. by 2024) to ensure that 
almost all investments and purchases are low-carbon by the end of the 
decade or soon after.  

• Adapting to climate risks. The Government should set out its vision for a UK 
that is well-prepared for climate change. It should include clear quantified 
targets, supported by policies and regulations. Climate adaptation must be 
embedded in core policies if they are to succeed. Key current and 
upcoming policies include: the Plan for Growth, the National Infrastructure 
Strategy, the Environment Bill, the Environmental Land Management 

Delivery must accelerate and 
broaden. 

Adaptation policy needs a step 
change in ambition and 
action. 

The Net Zero Strategy, due 
ahead of COP26, should 
complete the picture on how 
the UK will cut its emissions. 
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Scheme, the Tree and Peat Action Plans, the Net Zero Strategy, the 
Planning Bill and developments in energy, housing and health policy.* 

• Integrating climate policy. Achieving Net Zero will require effective 
adaptation. The programmes must be properly integrated. For example, as 
the energy efficiency of buildings is improved, they must also be protected 
from overheating. The vast carbon stores of the UK’s peatlands and soils 
must be protected. Trees planted to draw CO2 from the atmosphere 
and/or to provide timber should be suited to the future climate and, where 
possible, provide services such as flood defences, enhancing ecosystems, 
urban cooling, and accessible green space. 

• Embedding climate action across society. Reducing emissions and 
adapting to climate change will require a whole-of-society endeavour. 
Success will require the public to be engaged in the challenge, building 
public consent for the changes with a broader understanding of what is 
required and why. Workers will need help to develop the required skills and 
to fill the jobs created during the transition. Businesses must be encouraged, 
and in some cases required, to invest in solutions and make low-carbon, 
climate-resilient choices.  

• Reinstating overseas aid commitments. Climate challenges are 
fundamentally integrated with wider challenges for ecosystems and 
economies. This means climate finance and climate action are not fully 
isolated from cuts to the UK’s Official Development Assistance (ODA) in 
practice. The Government has said the cut to ODA is temporary; now that 
the UK’s economic recovery is underway, the Government should provide 
a firm timeline for reinstating its previous commitment. 

Government must lead the change. Reducing emissions and adapting to climate 
change must be embedded throughout policy. All parts of government have a 
role, requiring strong coordination and an effective devolution of powers and 
responsibilities to drive delivery. We set out detailed recommendations for each 
government department and the national Governments of Scotland, Wales and 
Northern Ireland in an annex of Tables at the end of this report. We will revisit 
progress against them at our next annual progress report in a year’s time. Our next 
major report will be a thorough appraisal of the UK’s Net Zero Strategy. 

The transition to Net Zero and the climate adaptation programme offer a positive 
vision for the UK’s future and for the world. They involve an investment boost that 
can support the economic recovery. This investment will be rewarded with 
reduced running costs and reduced costs of adapting to climate change in the 
future. It will support good-quality new jobs across the country, and bring 
opportunities to enhance our natural environment, our health and our well-being.  

The challenge of responding to climate change will not end with COP26 in the 
autumn or with the completion of the UK Presidency a year later. Global 
commitments are increasingly moving into line with the Paris Agreement, but we 
have entered a critical decade of action to consolidate and to deliver them. UK 
action must continue to provide an attractive model of success to maintain our 
climate leadership in support of a global response that meets the global 
challenge.  

 
*   Some of these UK policies only cover England. Equivalent devolved policies must also reflect climate change. 

Adaptation is vital to achieving 
society’s goals and must be 
embedded throughout 
government policies. 

Reaching Net Zero and 
addressing climate risks can 
help to build a better UK.   

The UK can and should be a 
global leader on climate 
change.   
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interests relate to the complex relationship between the 
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and Head of Water in the School of Engineering at 
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climatic risks to civil engineering systems, including the 
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 Ece Ozdemiroglu 
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the founding director of eftec (Economics for the 
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Rosalyn Schofield LLB 

Rosalyn Schofield is a solicitor. She was Director of 
Company Secretariat at Associated British Foods plc, 
where she had global responsibility for the environmental 
sustainability and impact of the business. Rosalyn is also a 
Council Member of the University of Hull and Chair of the 
Audit and Risk Committee there as well as at the CCC. 
She has previously worked as Legal Director at JD 
Wetherspoon plc and was a commercial property lawyer 
in private practice.  
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Expert Adviser to the Adaptation Committee 

Kate is Professor of Ecology and Biodiversity at University 
College London. Her work focuses on crossing 
disciplinary boundaries to address critical global 
challenges, especially at the interface of ecological and 
human health. Professor Jones has made key 
advances in monitoring the status and trends in 
biodiversity and particularly in modelling and forecasting 
zoonotic disease outbreaks in humans (Ebola, SARS), 
breaking down traditional barriers between ecology, 
climate change and public health to inform global 
policy. 
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Executive Summary 
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Climate change impacts are increasing, but the UK Government’s National 
Adaptation Programme has not delivered the necessary improved resilience to the 
changing climate as was intended under the UK Climate Change Act. 
As the UK enters its third statutory cycle of national risk assessment and adaptation 
planning, it is essential that the Government is more ambitious in the forthcoming 
3rd National Adaptation Programme, with a comprehensive set of actions linked to 
the efforts for economic recovery from the Covid-19 pandemic and to the levelling 
up agenda. This is critical if country is to realise a resilient recovery from coronavirus 
and deliver on key policies including Net Zero.  

The Government should set a clear vision for a well-prepared UK, and back that 
with quantifiable targets to embed adaptation in policies across the natural 
environment, planning, infrastructure, homes and transport as they advance in the 
coming 12 months and beyond. 

This report follows our advice on the CCRA3 Independent Risk Assessment and 
focusses on adaptation implementation in England. We set out eight key messages 
(Box ES.1), and make 50 specific recommendations to improve progress, ten of 
which are joint adaptation/ mitigation recommendations that are also included in 
the Mitigation Progress Report. 

Box ES.1 
The Committee’s key messages on adaptation progress 

• The global and UK climate will continue to change out to mid-century at least. 

• Warming at much higher levels than a 2ºC increase in global temperature remain 
possible in the second half of the century. 

• The National Adaptation Programme has not developed national preparedness for a 
2ºC rise in global temperature, let alone higher levels of warming. 

• Our assessment shows limited changes in progress scores since 2019. Adaptation 
needs to be integrated into a range of key policies before the next National 
Adaptation Programme is published in 2023. There are signs of improvement across a 
number of sectors that if continued, could help to achieve this. 

• The Government needs to reinstate support services and resourcing for local 
adaptation action. 

• There are no actions in the National Adaptation Programme to respond to the risks to 
the UK from climate change overseas.  As we stated in our last report and in our 
advice on the CCRA, these risks need to be included in the next Programme due in 
2023. 

• The next 12 months will be important for making improvements to how we measure 
and monitor adaptation in the UK. Global interest in monitoring and evaluation is 
growing in the run up to COP26 - with a focus on the UK’s approach. To be world-
leading, Government needs to resource new work to improve existing datasets and 
identify and create new ones. 

• The UK is entering its third cycle of risk assessments and National Adaptation Plans.  
The third iteration of the National Adaptation Programme must be more ambitious; 
more comprehensive; and better focussed on implementation than its predecessors, 
in order to improve national resilience to climate change. 

 
 

 

 

2346  



Climate Change Committee 

Below, we set out our eight key messages in more detail, drawing on the analysis in 
this report. 

The global and UK climate will continue to change out to mid-
century at least 

Global temperatures are now around 1.2ºC above pre-industrial levels, with the UK 
showing a similar change. The world is currently warming by around 0.25ºC per 
decade due to human emissions of greenhouse gases.  Globally, the six most 
recent years (2015 to 2020) have been the hottest years on record.  In England, 
episodes of extreme heat are becoming more common, rainfall patterns are 
changing, and sea level is rising.   

Even with ambitious global efforts to reduce greenhouse gas emissions, further 
climate change is inevitable. With these changes will come increasing climate 
impacts from a wide range of weather hazards: more and stronger heatwaves, 
flooding, drought, wildfire, and potential changes to storms and wind patterns. The 
following changes are expected by 2050 relative to a 1981-2000 baseline: 

• Warmer and wetter winters. Average winter temperatures are projected to 
increase by around 1ºC and rainfall by +5% (central estimates), with an 
uncertainty range of up to 2.5ºC warmer and 20% wetter. Increasing winter 
rainfall intensity will increase the risks of flash flooding.  

• Drier and hotter summers. Average summer temperatures are projected to 
increase by 1.5ºC and rainfall to decrease by 10% with an uncertainty 
range of up to 3⁰C hotter and 30% drier. Summer rainfall, when it occurs, will 
be more intense increasing the risk of flooding; and hotter summers will 
increase the risk of excess deaths and affect productivity.   

• Continuing sea level rise, of around 10-30 cm with possible rises extending 
up to 30 – 40 cm across the UK. Depending on the location in the UK, this 
will increase the risks of coastal flooding under extreme high tides, and 
affect the functioning of coastal infrastructure.  

Warming at much higher levels than a 2ºC increase in global 
temperature remain possible in the second half of the century 

Climate commitments are strengthening but global warming of up to 4ºC above 
pre-industrial levels by 2100 cannot yet be ruled out. The Paris Agreement aims to 
keep global temperature increase to well below 2ºC above pre-industrial levels, 
and ideally to 1.5ºC. Recent pledges from national governments to reduce 
greenhouse gas emissions are closing the gap to the Paris goal but are not yet 
ambitious enough to meet it. Furthermore, policies are generally not yet in place to 
meet the pledges that have been set and are expected to only hold global 
emissions approximately flat over the next decade. This level of ambition, if not 
strengthened would imply reaching around 3ºC of global warming above pre-
industrial levels by 2100, with a warming of around 4ºC above pre-industrial levels 
by 2100 still possible due to climate response uncertainty. 

The National Adaptation Programme has not developed national 
preparedness for a 2ºC rise in global temperature, let alone higher 
levels of warming 

Government action has been inadequate to drive progress in most areas. This 
report highlights some areas where there has been progress.  
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These areas tend to be where Government has intervened and taken a leading 
role, such as producing a National Floods Strategy, mandating reporting under the 
Taskforce on Climate-Related Financial Disclosure (TCFD) or setting clear planning 
requirements for the water sector. However, in most areas there has not been 
equivalent action, both from Government and other stakeholders like business and 
the third sector. There are various barriers preventing adaptation in these sectors 
such as gaps in awareness about the risks, the presence of externalities and missing 
markets, financial constraints and various behavioural barriers.  

The gap between future levels of risk and planned adaptation has widened in the 
last 5 years. Neither the first nor second iteration of the National Adaptation 
Programme (published in 2013 and 2018 respectively) has delivered a minimum 
level of resilience to current and inevitable climate change. The Committee’s 
recent advice to Government on the third UK Climate Change Risk Assessment 
highlights that over half (56%) of the risks have been given the highest urgency 
score, signalling that more action is needed than is currently planned for. In 
contrast, only around one third (36%) of the risks were given the highest urgency 
score in the 2016 assessment. 

Planning for 2ºC and consideration of 4ºC warming is still not happening. Our 
detailed assessment of progress in England presented in this report shows that 
planning for 2ºC and consideration of 4ºC warming is still not happening in 27 of 
the 34 adaptation priorities considered; the exceptions being the infrastructure 
sectors with high plan scores shown in Figure ES.1 below (flood and water 
management, road, rail, energy and the design of new critical infrastructure).   

The UK is leading in diagnosis but lagging in policy and action. The UK has world-
leading climate science expertise. But this record is not matched in policy ambition 
and implementation. We have good evidence on future climate risks, good 
evidence on the importance of prudent risk planning and good evidence on the 
benefits of UK adaptation. In the wake of the Covid-19 pandemic, it has never 
been clearer that we need robust, well-resourced plans for known risks, however 
small or distant they seem and even if the decision is not to act at the end.  

Our assessment shows limited change in progress scores since 
2019 

Improved assessment scores have been given to only five out of 34 adaptation 
priorities (Figure ES.1). The Committee has updated its assessment of the quality of 
adaptation plans, and actions to reduce risk, using the same framework as our 
2019 report and taking into account evidence provided by government and 
stakeholders.  

No sector achieves the highest risk management score. We have still been unable 
to award any sector a high score for risk management which means that 
vulnerability and exposure to climate change are not being managed appropriately 
nor in line to meet relevant government goals, such as public health protection or 
enhancing biodiversity. This remains unchanged from 2019. 

Five areas have improved plan scores: 

River and coastal flood alleviation  
• The Government published a new, major flood and coastal erosion Policy

Statement in 2020 which sits alongside the Environment Agency’s updated
Flood and Coastal Erosion Risk Management (FCERM) Strategy.
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The FCERM Strategy puts in place measures that will allow for climate 
adaptation, seeking to better prepare for a 2°C rise in global temperature, 
as well as planning for higher scenarios, such as a 4°C rise in global 
temperature for flood and coastal erosion risk.  

• Alongside the new plans, significant announcements have also been made 
to boost investment in flood defence schemes and supporting projects, 
including £5.2 billion to create around 2,000 new flood and coastal 
defences for 336,000 properties. There is still a gap in developing a national 
monitoring and evaluation strategy, but work is underway to consider 
which metrics should be used to measure progress. 

Surface water flood alleviation 
• The new FCERM Strategy has several commitments for the Environment 

Agency to work with Ofwat, water companies and other Risk Management 
Authorities to improve resilience to surface water and drainage flood risks 
and encourage long-term adaptative planning. All Lead Local Flood 
Authorities (LLFAs) now have published surface water flood management 
strategies, a key recommendation from our earlier progress reports.  

Extreme weather impacts on business 
• There has been significant progress by government in the last two years to 

help businesses better prepare for the impacts of climate change. There is 
a new plan for mandatory disclosures for physical risk under the Taskforce 
on Climate-related Financial Disclosure (TCFD), which will apply to listed 
and UK-registered companies, banks and building societies, insurers, and 
some pension schemes.  

• In 2022, a further refresh of the Government’s Green Finance Strategy is 
expected, along with the next Bank of England Stress Test which is focussed 
on climate change risks. The Taskforce on Nature-related Financial 
Disclosures (TNFD) has launched since our last progress report and aims to 
serve the same strategic role as TCFD.  

Supply chain interruptions 
• The first part of the National Food Strategy has been published and 

Government has made further commitments to report and develop a 
better understanding of issues related to food supply chains, including 
climate change.  However, despite an improvement in the plan score, the 
risk management score for supply chains has dropped (see below).  

Commercial fisheries 
• Climate change adaptation was included as one of eight priorities under 

the Fisheries Act (2020) and requires the Marine Management Organisation 
(MMO) to set out how this objective will be met.  There are currently no 
specific plans for adapting to a minimum 2ºC rise in global temperature, 
which if/when such plans are published by the MMO could improve the 
plan score further in the future.   
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In three cases, scores have become worse since 2019: 

Supply chain interruptions 
• Despite some improvements in planning, the score for managing risk has 

dropped due to the increased evidence since 2019 of greater vulnerability 
in supply chains than previously estimated. This reflects both the experience 
of the Covid-19 pandemic and survey evidence showing the high costs of 
disruptions. The level of adaptation underway has remained roughly the 
same.  Further work on building resilience into supply chains was highlighted 
as one of the UK’s top national priorities in our recent advice to 
Government on the third UK Climate Change Risk Assessment. 

Ports  
• In this assessment we have split out our assessment of airports from ports. 

This has resulted in a lower plan score for ports.  Resilience standards for 
ports are left to individual operators and due to their commercial nature, 
there is limited information available on the extent of planning for climate 
change impacts, and the resulting impacts on the movement of goods.  
Several ports declined to participate in the last round of the Adaptation 
Reporting Power and expected participation in the current round is 
unclear. 

Freshwater habitats   
• While general plans to build the resilience of freshwater habitats to climate 

change are in place, they have had only limited impact on managing 
pressures on biodiversity to date. Available species metrics indicate that 
populations are remaining stable, but the long-term declines in the 
ecological status of water bodies in England persist. Surface water 
temperatures across England have consistently exceeded their long-term 
mean in recent decades, yet details on the ongoing revisions to River Basin 
Management Plans suggest risks from higher water temperatures are still not 
given sufficient consideration.  
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Figure ES.1 The Adaptation Committee’s scoring 
of adaptation priorities (2021) 
 

Source: CCC 
Notes: Definitions for each of the score boxes are given in Chapter 1. Adaptation priorities where scores have 
changed since 2019 are highlighted with the change in score provided in brackets.   
*The score for ports has dropped from 5 to 2, but this is due to the splitting of a joint airports/ports priority in 2019 into
separate priorities for this report. The level of planning has not changed for ports since 2019. 

The lack of change in scores hides some signs of progress that present 
opportunities to drive adaptation forward, if adaptation is integrated effectively into 
policies. 

There are key opportunities for new policies to integrate adaptation over the 
coming 12 months, in the run up to COP26 and the publication of the 
Government’s next adaptation programme.  
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In our advice on the Third UK Climate Change Risk Assessment we set out eight risk 
areas where there are major upcoming policy announcements, and in this report 
we have highlighted specific policy opportunities for England in more detail: 

Natural environment 
• The current overhaul of policies and plans for protecting the natural 

environment has not yet adequately integrated adaptation. Without this 
integration, the aims of the Government’s 25-Year Environment Plan are 
unlikely to be met because climate change will reduce habitat condition, 
soil and water quality and quantity, threatening further the health of 
ecosystems and the natural environment, which are already in serious 
decline.  

• The Government needs to set outcome-based, long-term targets for 
widespread habitat restoration, with statutory interim targets to drive the 
early action that is needed now to improve resilience.  

• Actions that reduce vulnerability and exposure to climate change across all 
environmental public good outcomes* should be rewarded under the 
forthcoming Environmental Land Management scheme (ELM). We made a 
series of recommendations to this effect in 2019.  None have been 
implemented, but it is not too late to do so as policies are still under 
development. 

Infrastructure 
• The National Infrastructure Commission has identified climate change as 

one of three key challenges for infrastructure resilience.  The 2020 National 
Infrastructure Strategy states that climate change should be fully 
considered at the design stage and cost-effective adaptation actions 
should be built in over the whole life cycle of the asset.  

• In our advice to Government on CCRA3, we point to the vulnerability of the 
power system as a key priority for further action now.  

• The new UK National Infrastructure Bank, launching in interim form in 2021, is 
a key component of the National Infrastructure Strategy and can support 
adaptation through stimulating investment in green infrastructure.  

• The Treasury’s Supplementary Green Book Guidance (Accounting for the 
Effects of Climate Change) supports analysts and policymakers to identify if 
and how their proposals could be affected by climate risks and how to 
design adaptation measures in response.  

• The Infrastructure and Projects Authority is working in collaboration with the 
CCC to incorporate tests for climate change into assurance processes for 
all projects on the Government’s Major Project Portfolio.  

• In the water sector, the next round of water company plans will incorporate 
the latest UK climate projections, and set stricter targets for leakage, aiming 
for a 50% reduction by 2050.   

• In aviation, a new 2050 strategy, consulted on in 2019 but not yet published, 
is expected to include actions for improving resilience. 

 
*   Environmental public good outcomes refer to the Government’s objectives to protect, improve and expand the 

natural environment to ensure it continues to provide the market and non-market goods and services that are 
essential to society. 
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Health and the built environment  
• New housing developments continue to be built without resilience to heat, 

or a focus on water efficiency and in some cases to flooding, especially 
from surface water. This is despite the Committee’s consistent advice, 
which has highlighted fundamental gaps in policy since it began to assess 
these issues ten years ago.   

• More information is required to understand the Government’s intentions 
with planning reform and the forthcoming Planning Bill. Some draft 
proposals (such as the extension of permitted development rights, moving 
to a single sustainability test that may not adequately take account of 
climate change mitigation and adaptation, and removing the duty to 
cooperate) may make adaptation more difficult to achieve.  

• A more forward-looking outlook on flood risk is required for new 
developments. There may be no material increase in present day flood risk 
from some limited building in the floodplain, but these developments 
increase exposure in the event of defence breaches and future climate 
and population changes. If building on the floodplain continues at the 
current level, the funding required to build and maintain new defences, will 
continue to rise. 

• The planning system is not designed to incentivise ‘green’ Sustainable 
Drainage Systems, and some homes are being built in areas at risk of 
surface water flooding without any expert flood mitigation advice.  

• Potential progress on taking steps to manage overheating risk in new 
residential buildings should come through MHCLG’s proposed overheating 
standard. This proposal is strongly welcomed by the Committee, and now 
needs to become reality.  

• There remains a substantial gap in addressing overheating in existing homes 
and health and care facilities. There has been better planning for 2˚C and 
4˚C in schools and prisons.  

• There are opportunities across multiple policies to improve urban greening 
including the Environment Bill, updates to National Planning Policy including 
implementation of biodiversity net gain (if gains are real) and the 
forthcoming Net Zero Strategy.  

• The outcome of the 2019 consultation on measures to reduce personal 
water use, expected in 2021, presents a key opportunity to introduce more 
stretching water efficiency targets. 

Business  
• Consultations on pension scheme regulations, the future of audit and 

criteria for public procurement have set out proposals for greater 
consideration of climate change, which now need to be enacted.  

• The new SME Climate Hub offers tools and resources to help small 
businesses develop their climate strategy and contribute to efforts to 
reduce UK emissions to Net Zero. There is an opportunity improve promotion 
and integration of adaptation through this or a similar initiative.  

• Stronger assurance is required for the resilience of supply chains, particularly 
key supply chains such as for food and medical supplies, as part of the 
Government’s new Plan for Growth.  
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• More should be done to explore how current uses of green finance for 
adaptation could be replicated or scaled up across regions in England.

• There has been progress in planning for a green recovery in response to the
economic impacts from COVID-19. However, the measures announced,
such as the Ten Point Plan for a Green Industrial Revolution and the Green
Jobs Taskforce, focus almost exclusively on achieving Net Zero and miss out
on the opportunities for climate change adaptation. There are good 
examples to draw on, such as exploring potential revenue streams in areas 
such as natural capital and resilience, new financial products such as
green and sustainability bonds and regional initiatives such as the Greater
Manchester IGNITION project. Again, there are still opportunities in the next
12 months to integrate adaptation more fully into these policies.

This list is not comprehensive, but it emphasises the urgency of integrating 
adaptation into current policy to avoid lock-in and unnecessary future 
expenditure. 

The Government needs to reinstate support services and 
resourcing for local adaptation 
Support services need to respond to the needs of business and promote the importance 
of adaptation alongside achieving Net Zero. The UK Climate Impacts Programme and 
subsequently Climate Ready was the lead national adaptation support service for 
businesses, as well as other sectors, and was responsible for developing tools and 
guidance before its closure in 2016. This created a gap and lack of assurance that 
smaller businesses and organisations in particular would be aware of and able to 
access resources and the latest expertise on climate risk and adaptation. As mentioned 
above, the new SME Climate Hub aims to provide a 
‘one-stop-shop’ for SMEs to make a climate commitment and access ‘best-in-
class’ tools and resources. It already offers several resources for physical risk and 
understanding climate impacts, though it should aim to improve integration and 
promotion of adaptation alongside reducing emissions to Net Zero. It will be 
important to monitor feedback for the SME Climate Hub and whether action from 
Government is required to develop resources to ensure the needs of different types of 
business and organisations are met. 

The Government should ensure that local authorities are properly funded with resources 
and training available to tackle climate change. This includes ensuring that local 
authorities have the capacity to respond to extreme weather events 
such as flooding; provide clear guidance for how adaptation should be included 
in development plans; ensure local authorities are properly resourced and have trained 
personnel to enforce building regulations; and ensure long-term resource budgets 
are in line with capital investments in flood risk management.  Local authorities 
should have powers to require enhanced building standards in areas where climate 
impacts are particularly significant – for example higher water efficiency standards in 
areas with growing populations which will be increasingly drought-prone. 

There are no actions in the National Adaptation Programme in 
response to the risks to the UK from climate change overseas 

As we stated in our last report and in our advice on the CCRA, the risks to the UK 
from climate change overseas need to be included in the next National 
Adaptation Programme due in 2023.  
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The urgency of UK action for some overseas climate risks is greater than previously 
assessed as there is now more evidence on the scale and number of risks as shown 
in the CCRA3 Technical Report. The majority of these are scored as ‘more action 
needed’, including risks to UK food availability, international supply chains, public 
health and systemic risks from multiple impacts that will cascade across the globe. 
The Covid-19 pandemic, while not a climate-driven risk, has shown how quickly 
systemic risks can propagate and affect all aspects of society and the economy. 

The Government needs to include specific actions to manage international climate 
risks to the UK in the next National Adaptation Programme. These should include: 

• Reviewing the environmental governance and exposure to climate risks in
emerging free trade agreements.

• Addressing food access inequality and informing dietary choices, given
that the UK imports over 50% of its food. This action would reduce
vulnerability to the risk of decreasing nutritional quality of food produced 
due to climate change

• Increasing the resilience of international trade systems, reducing reliance
on long, just-in-time supply chains which are susceptible to shocks

• Real-time monitoring of transmission pathways for emerging diseases,
alongside increased surveillance of wildlife, people and other imports; and
improvement of public and professional level information

• Planning for increasing unpredictability and the potential for sudden shifts in
the climate, which are possible even at lower levels of warming.

The next 12 months will be important in improving how 
adaptation is measured and monitored in the UK 
Global interest in monitoring and evaluation is growing in the run up to COP26 - 
with a focus on the UK’s approach. Measuring progress is fundamental to understanding 
whether adaptation is working. The Committee published a set of recommended 
adaptation indicators in 2019 for Defra to populate, but little has happened to progress 
this. We have highlighted the following key issues related to metrics in this report: 

• The use of habitat condition and species abundance as proxy indicators for
the vulnerability of biodiversity to climate change only offers a simplistic
assessment of progress.  Development of more sophisticated metrics is
needed to help inform how ecosystems and biodiversity are responding to
climate change, and the components or functions that are most
vulnerable, so that adaptation responses can be better focussed.  For
instance, the use of remote sensing tools will provide new data to improve
our understanding of changes in water flow, fractional vegetation cover, 
impervious surface area mapping and drought predictions based on soil 
water index.

• For flooding and coastal change, the Government must deliver a well-
established monitoring and evaluation framework and national set of
indicators to monitor trends and policy impact effectively. Improved 
indicators need to include data on the uptake and type of sustainable
drainage systems being installed both in new build and retrofit.
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• While surveillance programmes exist in England for disease vectors such as 
ticks and mosquitoes, the current level of surveillance should be improved 
and expanded. The new Health Security Agency provides an opportunity 
for climate change to be considered in the context of disease spread, 
expand current surveillance across the UK, and provide suitable indicators 
to measure vector abundance. 

• There is a continuing lack of data on the vulnerability of infrastructure to 
extreme weather and the steps being taken to manage interdependencies 
between sectors. When used effectively, the Adaptation Reporting Power 
(ARP) can present updated risks and adaptation actions, allowing an 
assessment of preparedness of all infrastructure sectors and their 
interdependencies. Very few ARP3 reports have been available for this 
assessment due to a misalignment of timeframes with the CCC’s 
mandatory reporting schedule, and the voluntary nature of the ARP 
reporting means there is no guarantee of sector-wide coverage. These 
reports are intended to be a key input to the development of the NAP and 
the CCRA; but to date it has not been possible to use them effectively in 
this way.  

The Government should resource new work to improve existing datasets and 
identify and create new ones. Improved understanding of how adaptation actions 
lead to better outcomes is needed, following the approach set out in the 
Government’s Magenta Book (Guidance for Evaluation). Funding is also needed to 
support the sustained measurement of relevant indicators like soil health, and to 
consider how to bring together different organisations and groups that collect 
data to streamline and share data. In the coming months, prior to COP 26, the 
CCC would be willing to coordinate this work if requested to do so by Defra, in 
collaboration with other relevant organisations such as the Office for 
Environmental Protection. 

The third iteration of the National Adaptation Programme must be 
more ambitious; more comprehensive; and better focussed on 
implementation 

In this report, we have prioritised what needs to be done by Government in 
England – and brigaded our climate recommendations by Government 
Department as an aid to better policy (Table 1). We stated in 2019 that the country 
was at risk of becoming complacent on climate change adaptation.  Since then, 
there have been some signs that Government is taking climate change risks more 
seriously.  Adaptation is one of the key themes for COP26, and the Government 
has appointed a dedicated Adaptation Champion. Some policy milestones have 
been met, such as spelling out the need for adapting to 2ºC and planning for 4ºC 
in the updated Treasury Green Book guidance on appraising policies, projects and 
programmes; which all departments are expected to follow. But the specific 
actions that need to be delivered have not taken place in many sectors. 
Adaptation is not being sufficiently resourced, and must not continue to be the 
poor relation to climate change mitigation as the Government prepares for the 
spending review later this year. 
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Our recommendations for the key actions needed before the publication on the 
next National Adaptation Programme are shown in below by department.* 

No. Department Sector Recommendation Timing 

1 All 

(Joint 
adaptation/mitigation 
recommendation) 

All Ensure all policy decisions , and procurement 
decisions, are consistent with the Net Zero goal and 
reflect the latest understanding of climate risks. 

Now and 
ongoing 

2 All 

(Joint adaptation/ 
mitigation 
recommendation) 

All Review guidance documents used in policy and 
business case development (e.g. the Green Book) 
and ensure these are consistent with the requirements 
of Net Zero and account for the impacts of climate 
change. Consider options for introducing a Net Zero 
Test to ensure that all policies and decisions are 
compliant with Net Zero. 

2022 

3 All 

(Joint adaptation/ 
mitigation 
recommendation) 

All Work towards securing more climate finance 
commitments from developed countries to get back 
on track for mobilising $100 billion a year in climate 
finance as soon as possible. 

2021 
(COP26) 

4 COP Unit, FCDO, DIT All Provide a clear commitment prior to COP26 regarding 
the timescale by which the UK’s official development 
assistance (ODA) contribution will return to 0.7% of 
GNI given the UK’s commitment to align  its ODA 
spend with Paris Agreement requirements and the 
need for increased finance to achieve the Paris 
Agreement. 

2021 

5 Defra All The next National Adaptation Programme, due in 
2023, should ramp up adaptation ambition, 
implementation and evaluation. It should: 

• Set out the Government’s vision for a well-
adapted UK, alongside the measurable
outcomes that the Government is aiming to
achieve by the end of the next NAP period
(2023 – 2028).

• Include a detailed monitoring and evaluation
framework, including which indicators will be
used to monitor progress in reducing risk and
showing the effectiveness of different
adaptation responses for each risk in CCRA3.

• Report how departments have addressed the
top eight priority risks set out in the CCRA3
Advice Report for urgent action between
2021 and 2023 (see recommendations by
department below).

• Set out how adaptation is being integrated
into policy, and the measurable actions by
department for adaptation across each of
the 61 risks and opportunities set out in the

2023 
onwards 

*  Recommendations that are joint with the Mitigation Progress Report are highlighted as such. 

Table 1 
The Adaptation Committee’s Recommendations for Adaptation 
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CCRA3 Technical for the period 2023 – 2028 
(see recommendations by department 
below).   

• Ensure the adaptation actions and the 
programme as a whole are framed around 
the principles for good adaptation outlined in 
the CCRA3 Advice Report: 

– Adapt to 2ºC warming, assess the risks for 
4ºC 

– Prepare for unpredictable extremes 

– Assess interdependencies 

– Understand threshold effects 

– Integrate adaptation into relevant policies 

– Ensure adaptation is sufficiently financed  

– Avoid lock-in 

– Address inequalities 

– Consider opportunities from climate 
change 

• Specific actions to manage international 
climate risks should be included, setting out 
the direct response to the risks identified in 
CCRA3.  

6 Defra All Ensure that adaptation is integrated into major 
upcoming policies in the next two years related to the 
priority CCRA3 risks for which it has lead responsibility, 
coordinating work with other relevant departments as 
necessary: 

• Risks to the viability and diversity of terrestrial 
and freshwater habitats and species from 
multiple hazards 

• Risks to soil health from increased flooding 
and drought 

• Risks to natural carbon stores and 
sequestration from multiple hazards  

• Risks to crops, livestock, and commercial 
trees from multiple hazards  

In addition, for the coming five year period 2023-
2028, Defra should outline appropriate actions in the 
next National Adaptation Programme to address the 
adaptation gap identified for the other  risks and 
opportunities in the CCRA for which it is the lead 
department (see Annex). 

By 2023 

7 Defra All Implement a public engagement programme about 
national adaptation objectives, acceptable levels of 
risk, desired resilience standards, how to address 
inequalities, and responsibilities across society.  The 
findings from the programme should feed into the 
vision and desired outcomes of the next National 
Adaptation Programme. 

 

2021 
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8 Defra All Fund a programme of work to design and populate 
the appropriate new priority adaptation indicators for 
England.  These should complement other 
environmental and social indicators collated by 
Government.  The CCC could be tasked to 
coordinate this activity in partnership with other 
relevant organisations such as the Office for 
Environmental Protection and Environment Agency. 

2021 

9 Defra 

(joint adaptation/ 
mitigation 
recommendation) 

Natural 
environment 

Publish an overarching strategy that clearly outlines 
the relationships and interactions between the 
multiple action plans in development for the natural 
environment, including those for peat, trees, nature 
and plant biosecurity. This must clearly outline how the 
different strategies will combine to support the 
Government’s climate change goals on both Net 
Zero and adaptation, along with the wider 
environment and other goals. 

2021 

10 Defra Natural 
environment 

The commitment in the 25 Year Environment Plan to 
achieve 75% restoration for terrestrial and freshwater 
protected sites should be extended to include all 
priority habitat sites. 

2021 

11 Defra Natural 
environment 

Make long-term targets for biodiversity, set out under 
the Environment Bill, and associated timeframes 
outcome-based and linked directly to the goals set 
out in the Government’s 25-YEP. 

June 2022 

12 Defra Natural 
environment 

Make interim targets for biodiversity statutory and link 
them clearly to the long-term targets set out in the 
Environment Bill. 

June 2022 

13 Defra 

(joint adaptation/ 
mitigation 
recommendation) 

Natural 
environment 

Introduce legislation to extend the ban on rotational 
burning of peat from certain protected upland bog 
sites to all peatland before the start of the burn 
season in 2021; end peat extraction, and ban its sale 
for all horticultural uses including in the professional 
sectors and apply this to imports by 2023; mandate 
water companies to restore peatland under their 
ownership; and ensure lowland peat soils are not left 
bare. 

2021-2023 

14 Defra 

(joint 
adaptation/mitigation 
recommendation) 

Natural 
environment 

Extend current ambition set out by the UK 
government and the devolved administrations to 
implement a comprehensive delivery mechanism to 
address degraded peatland (hectares given are for 
the UK): 

• 17% of upland peat is restored, equivalent to 
200,000 hectares (and where this is not possible, 
stabilise the peat) by 2025; 58% by 2035 (700,000 
hectares) and the remaining area by 2045;

• Rewet and sustainably manage 12% of lowland 
peat used for crops by 2025 (24,000 hectares), 
rising to 38% by 2035 (72,000 hectares);

• Rewet 8% of lowland grassland area by 2025
(18,000 hectares), rising to 25% by 2035 (54,000 
hectares);

• Remove all low-productive trees of less than YC8 
from peatland (equivalent to 16,000 hectares by

2021-2025 
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2025), and restore all peat extraction sites by 
2035 (equivalent to 50,000 hectares by 2025). 

15 Defra Natural 
environment 

Set out a clear mechanism to account for the 
consequences of higher water temperatures and low 
flows (including drying up) in water bodies for 
freshwater habitats and species, and for meeting the 
Water Framework Directive (WFD) targets. This is 
lacking in current plans to revise the River Basin 
Management Plans (RBMPs). 

June 2022 

16 Defra Marine Extend the statutory requirements of marine plan 
policies to the decisions of public and private 
organisations.  At present only public authorities are 
duty bound under law to apply the plan policies to 
their decisions meaning there is a significant gap in 
the protections they are designed to provide. 

Now 

17 Defra Infrastructure Make changes ahead of the next round of reporting 
under the Adaptation Reporting Power (ARP). When 
used effectively, the ARP can present updated risks 
and adaptation actions that allows for an assessment 
of preparedness of all infrastructure sectors and their 
interdependencies. In particular:  

• The next round of reporting must be
mandatory.

• The deadline for reporting must allow
sufficient time for consideration of all the
reports in the fourth UK Climate Change Risk
Assessment, and the CCC’s statutory 
assessment of progress on adaptation.

• The list of organisations reporting should be
expanded to ensure comprehensive
coverage of critical infrastructure and
services, such as canals and food supply
chains, as recommended by the ARP3
consultation.

2023 

18 Defra Infrastructure Work with Port Operators and the British Ports 
Association to ensure the format of reporting under 
the Adaptation Reporting Power is appropriate for 
port operators and that the right operators are being 
asked to report. Defra should work with these 
organisations to identify what further support could be 
offered to enable more comprehensive reporting on 
adaptation by the ports sector. 

2023 

19 Defra; BEIS; DCMS Infrastructure Improve information sharing on climate risks to 
infrastructure interdependencies at a local level, 
especially for electricity, digital and ICT networks. As 
reported in our previous assessment in 2019, NAP 
actions to enhance arrangements for information 
sharing between local infrastructure operators and 
improve understanding of critical risks arising from 
interdependencies have not been completed. 
Defra’s link with Local Resilience Forums is key, and 
BEIS and DCMS should engage with utility companies 
to encourage standardised benchmarking and data 
sharing on climate risks to electricity networks, digital 
& ICT. 

Now and 
ongoing 
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20 Defra Flooding Work with the Environment Agency to set out the 
measures being taken to improve the uptake of 
property-level flood resilience (PFR) following 
stakeholder responses to its PFR call for evidence and 
consultation. This should include improved data 
collection to monitor progress. Plans for the new 
national flood risk assessment and 2025 long-term 
investment scenarios must ensure that the evidence 
they provide can be used to identify the most 
effective locations for PFR, and smart targets for their 
installation with timescales. 

2022 

21 Defra Food security Set out measures to ensure the resilience of the food 
supply chain, including to the risks of extreme weather 
in England and internationally, as part of its white 
paper responding to the independent review of the 
National Food Strategy for England. 

2022 

22 Defra Water Work with the Environment Agency, Ofwat and other 
stakeholders to set out targets and supporting 
measures for reducing water use by business. This 
could be through ensuring that any water reduction 
targets linked to the Environment Bill include business 
as well as household water use, as well as responding 
to advice and recommendations from Defra’s new 
Senior Water Demand Reduction Group.    

2022 

23 MHCLG All MHCLG should ensure that adaptation is integrated 
into major upcoming policies in the next two years 
related to the priority CCRA3 risks for which it has lead 
responsibility, coordinating work with other relevant 
departments as necessary: 

• Risks to human health, wellbeing and 
productivity from increased exposure to heat 
in homes and buildings (with DHSC) 

In addition, for the coming five year period 2023-2028, 
MHCLG should outline appropriate actions in the next 
National Adaptation Programme to address the 
adaptation gap identified for the risks and 
opportunities in the CCRA for which it is the lead 
department (see Annex). 

By 2023 

24 MHCLG 

(joint 
adaptation/mitigation 
recommendation) 

Planning Ensure that developments and infrastructure are 
compliant with Net Zero and appropriately resilient to 
climate change through proposed amendments to 
The Town and Country Planning Order. 

2021-22 

25 MHCLG Flooding 
(Planning 
reform) 

Ensure that all types of current and future flood risk are 
included in policies to assess flood risk to new 
developments. Housing targets for local authorities 
should take account of flood risk, amongst other 
environmental issues. Assessments and management 
of flood risk in new developments must include as a 
minimum:  

• Evidence that the development will be safe 
over its full lifetime, with a consideration of 
the downstream interactions and impacts of 
new developments i.e. not increase flooding 
in any other areas  

2022 
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• An assessment of current and future flood risk 
under both a 2°C and 4°C global climate 
scenarios.  

• Assess and manage the risk of flooding to 
local infrastructure as well as housing.  

• A consideration of better preparedness as set 
out in the Government’s recent FCERM Policy 
Statement.  

• Ensure there are properly funded and trained 
staff in local authorities. 

26 MHCLG Flooding To address the issue of increased risk of surface water 
flooding in new developments, commit to ensuring 
that new developments do not put more water into 
the public sewers than what was there before, taking 
account of climate change. To incentivise this, end 
the automatic right to connect to the public sewer; 
planning reforms should enact Schedule 3 of the 
Flood and Water Management Act (2010); and 
technical SuDS standards should be made mandatory 
and be updated to deliver SuDS that provide multiple 
economic, social and environmental benefits. 

2022 

27 MHCLG Flooding To help improve the information on SuDS and surface 
water flood risk, urgently begin collecting data on 
sewer capacity and SuDS location, type and 
capacity.  This would bring the level of information in 
line with that for river and coastal flood risk defences. 

2021 

28 MHCLG Flooding The consultation process for surface water flood risk 
must be improved. This should be done by adding 
statutory consultees for all development type and 
sizes. Consultees must have the appropriate skills to 
provide advice on surface water flood mitigation. 
Ensure that Local Authorities fully justify planning 
decisions where applications can proceed either 
without or going against formal flood risk mitigation 
advice. 

2022 

29 MHCLG Building safety 
(overheating) 

Implement a strong set of standards - with robust 
enforcement - that ensure both new and existing 
buildings are designed for a changing climate and 
deliver high levels of energy efficiency and low-
carbon heat. Including: 

• Publish robust definitions of the Future Homes 
Standard and Future Buildings Standard 
which are legislated in advance of 2023 and 
ensure no fossil fuels are burnt in new 
buildings. This must include coordination with 
DfE, MoJ, DHSC as well as BEIS and HMT.  

• Regulate the overheating requirement as set 
out in the Future Buildings Standard 
consultation. Expand the requirement to 
cover refurbishments of existing buildings and 
conversions of non-domestic buildings to 
residential. 

• Work with BEIS on the Heat and Buildings 
Strategy and use standards to set a clear 
direction for retrofit across the buildings stock.  

2021-22 
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• Ensure that the remit of the new building 
safety regulator covers climate change 
mitigation and adaptation, strengthened 
through an explicit responsibility for 
sustainability; and is fully equipped to monitor 
and enforce compliance with buildings 
standards.   

• Work with HM Treasury to ensure that local 
authorities are properly funded to enforce 
buildings standards.  

• Close loopholes allowing homes to be built 
which do not meet the current minimum 
standards for new dwellings. This includes 
provisions around the expiry of planning 
permission and permitted development rights 
relating to change of use. Make accurate 
performance testing and reporting 
widespread, committing developers to the 
standards they advertise. 

30 MHCLG Planning reform Introduce an urban greenspace target to reverse the 
decline and ensure towns and cities are adapted to 
more frequent heatwaves in the future and that the 
25-Year Environment Plan goals are met. 

2022 

31 BEIS All Ensure that adaptation is integrated into major 
upcoming policies in the next two years related to the 
eight priority risks identified in the Committee’s advice 
on the third UK Climate Change Risk Assessment 
(CCRA3) for which BEIS has lead responsibility, 
coordinating work with other relevant departments as 
necessary:  

• Risks to the supply of food, goods and vital 
services due to climate-related collapse of supply 
chains and distribution networks (with Defra and 
DIT)  

• Risks to people and the economy from climate-
related failure of the power system 

 In addition, for the coming five-year period 2023-
2028, BEIS should outline appropriate actions in the 
next National Adaptation Programme to address the 
adaptation gap identified for the other risks and 
opportunities in the CCRA for which it is the lead 
department (see Annex). 

By 2023 

32 BEIS All BEIS should ensure that Net Zero and adaptation are 
considered together in the forthcoming Net Zero 
Strategy. There should be a focus on maximising 
synergies and minimising trade-offs between 
mitigation and adaptation actions and the risks from 
climate change to achieving Net Zero. Actions that 
have multiple benefits across climate change 
mitigation, adaptation, biodiversity and health should 
be high on the Government’s agenda for action over 
the next five-year period. 

2021 

33 BEIS and MHCLG Building safety 
(overheating) 

Improve understanding of and support action on 
overheating in existing residential buildings and  
encourage retrofit of passive cooling measures. The 

2022 

2363  



Progress in adapting to climate change: 2021 Report to Parliament 34 

Heat and Building Strategy must consider overheating 
risks. The following steps are needed:  

• Further research to understand when 
overheating occurs in existing homes, 
including: ongoing monitoring of 
temperatures in the housing stock, monitoring 
of overheating exceedances in homes, and 
number of homes currently adapted  

• Guidance and information for homeowners 
with the steps that can be taken if their 
homes overheat. This should include an 
outline of behaviour options and the 
measures that can be installed to reduce 
internal temperatures. Green Building 
Passports and home retrofit plans could 
provide holistic guidance and help to unlock 
green finance.  

• Overheating risk considered and mitigated 
against if necessary when doing energy 
efficiency retrofit programmes.  

• Making finance available to install 
adaptation measures. This could be via grant 
schemes or green finance for private owners, 
with public funding targeted at low-income 
or vulnerable households alongside energy 
efficiency retrofit. 

34 BEIS 

(joint adaptation/ 
mitigation 
recommendation) 

Businesses Support businesses to play their full role in the Net Zero 
transition and in adapting to climate risks and 
opportunities, for example by extending and 
expanding the role of the Net Zero Business Champion 
beyond COP26, building on the Race to Zero and 
Race to Resilience campaigns and providing 
sufficient resources to fully support businesses of all 
sizes to engage in the transition, to input to policy 
development and to set their own robust Net Zero 
and adaptation action plans. 

2021-22 

35 BEIS and HM Treasury 

(joint 
adaptation/mitigation 
recommendation) 

Businesses Develop further ways to embed Net Zero and climate 
risk in financial decisions by UK firms, building on the 
UK's Green Finance Strategy. This should include 
implementing mandatory climate disclosure, 
adoption of a robust green taxonomy with clear 
guidance on how it should be used. It should also 
consider the recommendations of the Committee's 
Finance Advisory Group, such as making Net Zero and 
adaptation plans mandatory for financial institutions 
and monitoring financial flows into climate action. 

2021-25 

36 BEIS Research Make monitoring and data analysis of climate risks 
more accessible, alongside better digitisation of past 
records. Further efforts should be taken to make the 
evidence on climate risks more usable for decision 
makers through co-design of research programmes 
with end users, where the user drives the research 
question from the beginning of the process. A major 
gap is the lack of projections of impacts in 2ºC and 
4ºC scenarios; this needs addressing as an urgent 
priority ahead of CCRA4. 

2022 

2364  



Climate Change Committee 

37 Cabinet Office All Cabinet Office should ensure that adaptation is 
integrated into major upcoming policies in the next 
two years related to the priority CCRA3 risk for which it 
has lead responsibility, coordinating work with other 
relevant departments as necessary: 

• Multiple risks to the UK from climate change 
impacts overseas 

In addition, for the coming five year period 2023-2028, 
Cabinet Office should outline appropriate actions in 
the next National Adaptation Programme to address 
the adaptation gap identified for the other  risks and 
opportunities in the CCRA3 for which it is the lead 
department (see Annex). 

By 2023 

38 Cabinet Office All Cabinet Office should build a strong climate resilience 
capability for the UK, including making use of storyline 
or ‘what-if’ scenarios to assess risks, in addition to or 
instead of using ‘reasonable worst-case’ approaches. 
It should develop an early warning system for global 
climate shocks. It should consider how more 
allowance and flexibility can be built into policy 
making and policy implementation. This could include 
enhancing the ability of the Government to make fast 
decisions by bringing in technical advice and 
expertise quickly when needed, and both protecting, 
and enhancing, monitoring and surveillance systems 
to enable faster reactions as events unfold. 

By 2023 

39 DHSC All For the coming five year period 2023-2028, DHSC 
should outline appropriate actions in the next 
National Adaptation Programme to address the 
adaptation gap identified for the four risks and 
opportunities in the CCRA for which it is the lead 
department (see Annex). 

2023 

40 DHSC Building safety  Assess health sector vulnerability to existing and future 
climate risks, particularly, for care homes and home-
based care. Following this, develop a cross-sector 
approach to address risks. This cross-sector approach 
should include input from CQC, PHE, NHS, MHCLG 
and local level public health bodies. 

2022 

41 DHSC Public health – 
vector-borne 
diseases 

Fund the strengthening and widening of vector and 
pathogen surveillance and early warning 
mechanisms, due to the increasing risk of disease 
spread as a result of climate change and other 
factors. 

Now and 
ongoing 

42 HM Treasury All For the coming five year period 2023-2028, HMT should 
outline appropriate actions in the next National 
Adaptation Programme to address the adaptation 
gap identified for the risks in the CCRA3 for which it is 
the lead department (see Annex). 

2023 

43 HM Treasury 

(Joint 
adaptation/mitigation 
recommendation) 

All The spending review(s) should ensure departments 
are fully equipped to deliver the necessary actions 
across climate change mitigation and adaptation, 
during the rest of this Parliament and beyond. 

2021 
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44 DCMS All For the coming five year period 2023-2028, DCMS 
should outline appropriate actions in the next 
National Adaptation Programme to address the 
adaptation gap identified for the risks and 
opportunities in the CCRA for which it is the lead 
department (see Annex). 

2023 

45 DCMS Infrastructure Resilience standards for the digital sector must include 
requirements pertaining to climate change risks. In 
addressing the National Infrastructure Commission 
recommendations from the Resilience Study, 
Government should incorporate consideration of 
climate change risks and adaptation actions into any 
new standards being developed. Standards for digital 
infrastructure operators should include requirements 
to:  

• assess climate risks under both 2°C and 4°C 
global climate scenarios,  

• consider interdependencies with other 
critical infrastructure, and  

• set out actions to reduce risk and monitor 
progress. 

2022 

46 FCDO All For the coming five year period 2023-2028, FCDO 
should outline appropriate actions in the next 
National Adaptation Programme to address the 
adaptation gap identified for the risks in the CCRA for 
which it is the lead department (see Annex). 

2023 

47 DfT All For the coming five year period 2023-2028, DfT should 
outline appropriate actions in the next National 
Adaptation Programme to address the adaptation 
gap identified for the risks and opportunities in the 
CCRA3 for which it is the lead department (see 
Annex). 

2023 

48 DIT All For the coming five year period 2023-2028, DIT should 
outline appropriate actions in the next National 
Adaptation Programme to address the adaptation 
gap identified for the risks and opportunities in the 
CCRA3 for which it is the lead department (see 
Annex). 

2023 

49 MoJ  All For the coming five year period 2023-2028, MoJ should 
outline appropriate actions in the next National 
Adaptation Programme to address the adaptation 
gap identified for the risks in the CCRA for which it is 
the lead department (see Annex). 

2023 

50 DfE All For the coming five year period 2023-2028, DfE should 
outline appropriate actions in the next National 
Adaptation Programme to address the adaptation 
gap identified for the risks in the CCRA for which it is 
the lead department (see Annex). 

2023 
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1.1 Observed and projected climate change 

This section covers the most up-to-date evidence regarding observed and 
projected changes in the UK’s weather and climate. It highlights that several 
recent trends in UK’s weather and climate can be linked to human-induced 
climate change – with further changes expected over coming decades.  

Global climate change 

Global temperature observations over recent years are fully consistent with those 
expected from continuing long-term global warming resulting from human activity: 

• Annual global mean surface temperature in 2020 was the joint warmest or
second warmest on record across all prominent global temperature
datasets (Figure 1.1). 2020 global temperature was similar to that in 2016, in
which global temperature was boosted by a very strong El Niño. The six
most recent years were the six warmest years globally in the observational
record.

• Estimated human-induced warming has now reached around 1.2ºC above
1850-1900 (an approximation for preindustrial levels). Human-induced
warming is estimated to explain 100% (± 20% uncertainty) of the observed
warming since 1850 – 1900.

• Human-induced warming is increasing at around 0.25⁰C per decade
leading to further increases in global and UK climate hazards in the future.
At this present rate of increase, human-induced warming would exceed
1.5⁰C above preindustrial levels (the lowest level referred to in the Paris
Agreement long-term temperature goal) by the early 2030s. 

In 2020 the impact of measures to address the COVID-19 pandemic on global 
energy demand caused global annual energy-related CO2 emissions to fall by 
around 6% relative to 2019 levels.1 Global emissions rates have since recovered to 
be closer to 2019 levels. This temporary fall in global CO2 emissions did not 
significantly affect atmospheric CO2 concentrations, global temperature or 
climate impacts, as these are primarily determined by cumulative global CO2 
emissions over time. Changes in the global climate, and climate hazards, will 
continue until global emissions fall to close to zero.  

This section summarises 
observed and possible future 
changes in the UK’s weather 
and climate.  

Global temperatures continue 
to rise rapidly – with human 
influence the driver. 

COVID-19 related impacts on 
emissions will not have a long-
term effect on climate risks. 
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Figure 1.1 Global average surface air 
temperature change 
 

Source: CCC analysis 
Notes: Each thin line represents a different global temperature dataset. The NOAA, GISS and ERA datasets are 
expressed relative to 1850 - 1900 using the offset over the 1981-2000 period from the HadCRUT5 dataset. Human-
induced warming is taken from globalwarmingindex.org. 

Observed climate change in the UK 

The latest observations of UK weather and climate continue to document several 
clear recent trends2 in aspects of UK climate (Figure 1.2):  

• Warmer average temperature. The UK’s annual average temperature has
risen by around 0.6⁰C above the average of the 1981 - 2000 period, 
consistent with a trend of nearly 0.3⁰C per decade since the 1980s. Human-
induced climate change in the UK is estimated to have raised UK average
temperature above preindustrial levels by a similar amount to the global
average.

• Higher average sea levels. The level of the seas around the UK has risen by
around 6.5 cm since 1981 - 2000. They are currently estimated to be rising at
around 2.5 cm per decade.*

• Changed temperature extremes. The shifting UK climate is having a clear 
effect on observed temperature extremes.3

*  Based on a linear trend over the past 20 years. 

Changes in aspects of the UK’s 
weather and climate are 
already being seen.  
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– The warmest temperature recorded each year has increased over 
time. Averaged across the UK, the warmest temperature of the year 
has increased to around 27⁰C today from around 25⁰C in the 1960s, 
with much more rapid rates of increase in the South East of England. 
The average duration of heatwaves (periods in which there are more 
than three days in excess of 25⁰C) has increased over time. For the UK 
as a whole, summers as hot as in 2018 (the joint warmest summer on 
record) are expected to occur in up to 25% of years, compared to less 
than 10% of years a few decades ago.  

– The coldest temperature of the year has also increased over time. 
Averaged across the UK, the coldest temperature of the year is now 
around -7.5⁰C today. In the 1960s it was around -9⁰C. 

– The number of icing days (days in which the maximum temperature 
remains below 0⁰C) across the UK was around six per year in the 1960s 
but has fallen to around three per year today. Individual years with a 
significantly greater number of icing days remains possible, such as in 
2010. 

• Sunshine. The most recent decade has been the sunniest on record in the 
UK (around 5% sunnier than over 1981 - 2000, with increases largely 
confined to winter and spring), however the causal link between this trend 
and human-induced climate change currently remains under investigation, 
with possible links to changes in aerosol emissions.4  

 
Signals of climate change may be emerging in other climate variables, but the 
strong annual and decadal variability in the UK’s weather and climate still prevents 
their clear detection despite this being possible in other regions of the world: 

• Annual and seasonal precipitation. Since the 1980s there has been an 
overall increase in the annual average amount of UK rainfall. The most 
recent decade was around 3% wetter than over 1981 - 2000, but 
interannual variability remains strong with both significantly wetter and drier 
years being observed. Western Scotland is the part of the UK with the most 
statistically significant trends to wetter years.5 For the UK, winter and spring 
shows trends to being wetter and drier respectively, consistent with 
expected long-term trends due to climate change, but the statistical 
significance of these trends remains limited. The recent run of wet summers 
means that summers over the last decade have been around 20% wetter 
than over 1981 - 2000, despite projections for drier summers on average in 
the future. This highlights the continued impacts that annual and decadal 
variability have on near-term changes in some aspects of the UK’s weather 
and climate. 

• Precipitation extremes. Heavy rainfall metrics generally show an increase in 
very wet days across the UK, but the expected signal from climate change 
remains hard to distinguish from the large interannual variability in the 
observational record. Extreme event attribution studies have found robust 
signals that human-induced climate change has increased the likelihood of 
some observed UK precipitation extremes.6 

• Storminess. Storms can bring heavy rainfall and strong winds to the UK 
(particularly in winter), with risks of flooding and wind damage.  

In some aspects of the UK’s 
weather and climate clear 
signals of global climate 
change have yet to emerge.  
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There are no clear trends in UK storminess over the observed record.* As UK 
storminess is strongly linked to the Jetstream improving understanding of 
how Jetstream variability may change in the future is an important area of 
research to better understand future UK climate hazards.†  

The absence of clearly distinguishable observed trends in these aspects of UK 
weather and climate does not mean that there is no effect of climate change. For 
many variables (e.g. rainfall) there are good physical reasons to expect human-
induced global warming to drive changes. Detectable changes in other aspects 
of UK climate are expected to emerge from natural climate variability as human-
induced global warming continues to increase.  

*  Storminess is here defined in terms of maximum wind gust speed. 
†   Evidence from the latest generation of climate models produced by the UK Met Office, which have improved 

representation of Jetstream variability, suggests a possible shift to more stormy winters on average in the future.  

Further changes in aspects of 
the UK’s climate are expected. 

Figure 1.2 Observed changes in aspects of UK 
 

climate 

Source: CCC analysis; HadUK-Grid dataset, Kendon, M. et al. (2020) State of UK Climate 2019. International Journal of 
Climatology, 40 (S1), 1-69.  
Notes: Annual data is shown in all panels. The orange line is a moving 29-year triangular averaging window (reflecting 
at ends of timeseries) in all panels. 
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In the UK the year 2020 was the third warmest year on record and the fifth wettest. 
There were several notable extreme weather events in the UK over 2020, some of 
which have been demonstrated to have been made more likely by human-
induced climate change (Box 1.1). 

Box 1.1 
Extreme weather and climate events in the UK during 2020 

Extreme weather and climate events occurred throughout 2020, across a range of 
different climate variables. Research over the last year has helped to provide insights into 
the relative role of human-induced climate change and natural climate variability as 
drivers: 

• Rainfall and storms in February. A series of storms crossing the UK made February
more than twice as wet as would be expected on average. This was the wettest
February on record and the fifth wettest month ever recorded. This contributed to
extensive flooding, particularly across Northern England and Wales, with peak flow
rates recorded on many rivers.

• Record sunshine in spring. Following the wet end to the winter, the spring was
exceptionally dry and sunny. Overall, the spring was the UK’s sunniest spring on
record (sunnier than most UK summers) and May was the driest May on record for
England. This was largely driven by stable conditions in the North Atlantic Jetstream
that brought repeated periods of high pressure over the UK. The spring sunshine in
2020 would still be a very sunny spring by the end of the century under all plausible
future scenarios for global greenhouse gas emissions.

• Heatwaves in August. August saw a long-lasting heatwave affecting (primarily) 
southern England. Night-time temperatures were particularly affected with
temperatures remaining above 20⁰C at some location in the UK for five nights. This
heatwave was linked to a rise in the death rate above the average rate for the time
of year. Summer heatwaves are becoming more common and hotter in the UK.

• Record daily rainfall in October. October saw the UK’s wettest day on record. Robust
trends in the UK’s wettest day of the year have not yet emerged in the observational
record, but a trend towards more intense rainfall extremes is expected as the
atmosphere holds more water when it is warmer.

These events highlight that the combination of rare instances of natural climate variability 
and the background of continued human-induced climate change can combine to 
create highly unprecedented weather and climate events in today’s climate. This 
emphasises the value of preparing for unprecedented climate impacts today, not just in 
the future, and that climate variability will remain a key driver of UK climate impacts in the 
future under all future climate scenarios. 

Source: Parry, S. et al. (2020) Briefing Note: Severity of the February 2020 floods -preliminary analysis; Kendon, M. & 
McCarthy, M. (2021) The United Kingdom's wettest day on record – so far – 3 October 2020. Weather.   

Projected changes in UK climate and weather 

The Committee recently published its advice on the Third UK Climate Change Risk 
Assessment (CCRA3). This advice, supported by an extensive Technical Report, 
provides a detailed assessment of the changes in UK weather and climate that 
might be expected in the future.  

The changes in UK weather and climate expected out to 2050 are:  

• Warmer and wetter winters. By 2050 the UK’s average winter could be
around 1⁰C warmer (0.5⁰C cooler – 2.5⁰C warmer uncertainty range) than it
was on average over 1981-2000 and around 5% wetter (10% drier – 20%

Further changes are expected 
in UK weather and climate over 
the next few decades. 
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wetter uncertainty range). An increase in both the intensity of winter rainfall 
and the number of wet days is expected.  

• Drier and hotter summers. By 2050 the UK’s average summer could be 
around 1.5⁰C warmer (0⁰C – 3⁰C uncertainty range) than it was on average 
over 1981-2000 and around 10% drier (30% drier – 5% wetter uncertainty 
range). A summer as hot as in 2018 (the joint hottest summer on record) for 
the UK as whole could be normal summer conditions by 2050. The 
temperature of the hottest days each year are expected to increase more 
than the average summer temperature increase. The intensity of summer 
rainfall (when it occurs) is expected to increase.  

• Continued sea-level rises. The seas around the UK will continue to rise over 
the three decades to 2050. By 2050 sea levels could be around 10 – 30 cm 
higher than over 1981-2000, depending on the specific location in the UK.*  

These additional changes in the UK’s climate to 2050 are largely insensitive to the 
pathway of global greenhouse gas (GHG) emissions over coming decades. 
 
Beyond mid-century, the different possible future trajectories in global GHG 
emissions become the main source of uncertainty in global and UK climate 
changes. If global emissions continue at a high level through to mid-century and 
beyond, global temperature will continue to rise beyond 2050 and associated 
climate changes in the UK and elsewhere will continue in the second half of the 
century. If, however, global emissions have been significantly reduced by mid-
century and are brought to Net Zero soon after, then many aspects of global and 
UK climate in the second half of the century can be kept close to that 
experienced at mid-century.†  

Long-term UK climate risks therefore depend on both the ambition and 
implementation of global emissions reductions:  

• Recent trends in costs of key technologies (e.g. renewable electricity) are 
helping the world move away from the futures with ever increasing global 
emissions. This means that exceeding 4⁰C of warming above preindustrial 
levels by 2100 is no longer the most likely estimate of current climate 
trajectory outcomes. 

• Current ambition for global emissions reduction is expected to be 
consistent with a central estimate of around 3⁰C of warming above 
preindustrial levels by 2100.7 Climate response uncertainty means that 
exceeding 4⁰C by 2100 (or keeping warming below 2⁰C) remains within the 
envelope of possibilities and cannot yet be ruled out as a possible 
outcome.  

• Recent commitments to achieve Net Zero emissions by large emitters 
(including China and the USA) by around mid-century would, if delivered, 
move the central estimate for 2100 warming close to keeping below 2⁰C 
above preindustrial levels. There would remain a non-negligible chance of 
warming exceeding 2⁰C even if this scenario for global emissions were 
delivered.  

 
*   Range (in 50th percentile) outcomes across UK capital cities is given here. Climate uncertainties means that changes 

could range from 30 – 40 cm above 1981 – 2000 levels across capital cities under a high climate response (95th 
percentile).  

†   Some aspects of the climate (e.g. sea level) will continue to change in the second half of the century regardless of 
global emissions trajectories continuing to increase hazards such as coastal flooding.   

In the long-term, UK climate 
changes depend strongly on 
efforts to reduce global 
greenhouse gas emissions.  
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Keeping central estimates of warming ‘well-below’ 2⁰C, the Paris 
Agreement long-term temperature goal, would require significant 
strengthening of near-term commitments to emissions reductions by 2030 in 
addition to reaching Net Zero around mid-century.  

 
It remains prudent to plan for a range of possible longer-term climate outcomes 
given the uncertainty in both the climate response and future trajectories of global 
GHG emissions when considering UK climate risks in the second half of the century. 
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1.2 The CCC adaptation assessment framework 

Purpose of this report 

This is the Adaptation Committee’s second assessment of progress in delivering the 
current National Adaptation Programme, required under the UK Climate Change 
Act (2008). 
The UK Climate Act requires the CCC’s Adaptation Committee to report on 
progress in adapting to climate change through the National Adaptation 
Programme, covering England and reserved matters, every two years. The 
Committee’s first assessment in 2019 of the latest National Adaptation Programme 
(NAP2, published in 2018), considered how the National Adaptation Programme 
and other actions were changing vulnerability and exposure to climate risks in 
England.8 That report concluded that: 

• On the basis of the evidence available, England is not prepared for even a 
best-case scenario of a 1.5 - 2ºC rise in global temperature (see above), let 
alone more extreme levels of warming that remain likely on the basis of 
current pledges to reduce greenhouse gas emissions. 

• The National Adaptation Programme does not address all the risks and 
opportunities set out in the second UK Climate Change Risk Assessment 
(CCRA) in 2017, despite this being a requirement of the UK Climate Change 
Act. 

• The institutional and support framework for adaptation in England has been 
eroded over the past ten years. 

• Vulnerability and exposure to climate change continue to increase across 
a range of sectors that are classed in the CCRA as needing urgent action. 

• There are pockets of excellence in adaptation planning and action across 
England, that need to be supported and scaled up over the next ten years. 

The 2019 report concluded that the Government must raise the profile and 
strengthen governance for adaptation over the coming decade to prepare for 
the impacts of climate change. The Committee offered 12 recommendations, 
which the Government responded to in autumn 2019.9 A further set of 
recommendations on adaptation was also included in the CCC’s subsequent 
Mitigation Progress Report in 2020, to which the Government also responded.10,11 

This report re-assesses progress for the same set of ‘adaptation priorities’ or sectors 
that were covered in 2019. Each chapter considers changes in relevant policy, 
and shows updated indicators of vulnerability, exposure, adaptation action and 
impact. We have provided an updated set of conclusions in the Executive 
Summary. 

 

 

 

2376  



47 Climate Change Committee 

 

The CCC’s assessment framework and structure of this report 

The Adaptation Committee revised its assessment framework for its 2019  
Progress Report, and we use the same framework here.   
The 2019 report explains in detail the rationale and context for the assessment 
framework used by the Committee for adaptation. It is based on two questions: 

• Is there a good quality plan? The Committee has reviewed whether plans 
are in place that include adaptation actions to prepare for inevitable 
change (approximately a 2ºC rise in global temperature above pre-
industrial levels), and a consideration the risks for that sector in a 4ºC 
scenario. We also assess whether plans are SMART – specific, measurable, 
attainable, relevant and time-bound. A good plan will have clearly stated 
outcomes that are appropriate in the context of climate change, have 
considered the short-term and long-term effects of climate change, have 
an effective monitoring and evaluation framework and demonstrate clear 
links between the outcomes and corresponding actions. A weaker plan 
might have vague or unclear outcomes, make weaker links to the current 
and future effects of climate change, and may only include guidance but 
not require specific action.  

• Is progress being made in managing risk? The Committee assesses 
indicators of vulnerability, exposure, adaptation action, and climate 
change impacts to assess how risk is changing, and whether goals remain 
on track to be met where this is relevant. For this step, we also consider how 
the actions set out in the National Adaptation Programme, and other 
relevant actions, are addressing risk. In this context, the Committee has 
considered to what extent the actions taking place relate to the risks 
identified in the Climate Change Risk Assessment and whether they are 
being implemented in accordance with NAP2. The assessment seeks 
evidence of what impact the actions are having on risk, wherever possible.   

 
For each adaptation priority, an assessment score of high, medium or low is given 
for plans and managing risk using a set of defined criteria (Table 1.2). Those scores 
then place each adaptation priority on a 9-box grid.  

Across the chapters, each section includes a progress summary table explaining 
the differences in plan and risk scores between 2019 and now.   
These are included as signposts for the reader. The analysis is then expanded 
below with a narrative on changes in the plan score, changes in the risk score, and 
an overall conclusion. The Committee’s full set of indicators is provided in an annex 
to this report, but some of the key indicators that support the scores are highlighted 
in the chapters. 

Recommendations related to each adaptation priority are provided in the 
relevant places in the text in this report. The complete set of adaptation 
recommendations is provided, by department, in the Executive Summary. 

 

 

 

The 2019 Progress Report 
assessed plans to adapt to 
climate change based both on 
the quality of the plan and 
whether adaptation is reducing 
risk.  

We provide specific 
recommendations for 
Government departments.  
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Score High Medium Low 

Plan Score Good quality plan: 

Considers climate change, 
including a range of 
scenarios (adaptation 
planning for inevitable 
change i.e. a 2ºC scenario, 
consideration of risks for a 
4ºC scenario) 

Sets out specific action – 
not just guidance 

SMART – specific, 
measurable goals with 
timescales 

Has effective monitoring 
and evaluation built in 

Can see links from the plan 
down to the actions 

Plans up to date 

Medium quality plan: 

Considers climate change, 
though possibly vague on 
what scenarios are 
included 

Requires general action – 
not just guidance 

Some aspects of being 
SMART  

Some monitoring and 
evaluation 

Some links to action 

Low quality plan: 

Minimal or no consideration 
of climate change 

No firm actions, not SMART 

No monitoring and 
evaluation 

No firm link through to 
actions 

Plans not up to date 

Risk Management Score Evidence that risk 
(vulnerability and 
exposure) is reducing at an 
appropriate rate, and/or is 
in line to meet goals 

Good evidence of impact 
of actions on risks 

Mixed picture – some 
evidence of risk being 
managed, but other areas 
where progress is lacking 

Some evidence of impact 
of actions on risks 

Evidence that risk is not 
reducing or is increasing, or 
lack of evidence to judge 
what is happening to risk 

No evidence that actions 
are having an impact on 
risk 

The National Adaptation Programme does not include any actions on addressing 
the risks to the UK from climate change overseas. We include a joint section on 
international dimensions of risk in our accompanying mitigation Progress Report. 
Both the CCRA2 Evidence Report and the recently published CCRA3 Evidence 
Report consider how international climate risks would directly and indirectly impact 
the UK. The elements of international risks that are especially relevant to the UK, 
identified by CCRA2 (and so relevant for NAP2), fall into the following categories: 
(1) global trade and supply chains, especially for food; (2) migration and 
displacement; and (3) broader geopolitical and macroeconomic issues. There are
also risks specific to particular Government departments, such as risks to overseas
military operations.

In particular, the CCRA2 Evidence Report assessed that extreme weather events 
have the potential to affect global food production, trade and supply chains, 
making prices more volatile and/or altering productivity in the long-term. 
Furthermore, weather-related events were identified as potential drivers of 
increased international human displacement with subsequent impacts on overseas 
development efforts. These risks were assigned to the ‘more action needed’ 
category. 

Table 1.2 
Adaptation Committee Assessment Criteria 

Source: Bold criteria are considered as key to that score; other criteria are also assessed but are of lesser importance. 

International climate risks are 
important for a full understand 
of the possible impacts of 
climate change in the UK and 
actions to avoid them.  
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However, the formal NAP2 actions do not cover any of the international risks from 
CCRA2. We have not, therefore, included an International Dimensions chapter in 
this Progress Report as there are no NAP actions against which to assess progress.  
A summary of our latest assessment of the importance of international dimensions 
of risk is provided in a joint section considering mitigation and adaptation in the 
accompanying report to this one on reducing UK emissions. 

Adaptation indicators 

Measurement is fundamental to understanding if adaptation is working.  Relevant 
measurement indicators are needed which effectively monitor progress in 
reducing climate change risk and show the effectiveness of different adaptation 
responses. 

Current indicators for measuring progress and the effectiveness of adaptation 
actions are inadequate. 
Most currently available indicators measure progress towards policy targets or 
legal requirements. They are not necessarily aligned with the measurements 
needed to identify tangible reductions in climate risk or improvement of resilience. 
For example, for the natural environment sector, peatland condition and species 
abundance indicators can be used as proxy indicators for the vulnerability of the 
habitat to climate change; better condition and higher abundance can be 
interpreted as higher resilience. However, they do not confidently link how 
restoration activities can improve resilience of peatland and its services to reduce 
specific climate impacts. In addition, such indicators are only available for 
protected sites, not all peatlands. 

By improving the ability to monitor the impact of adaptation interventions, the 
Government can plan more effective and cost-efficient adaptation actions. 
However, without appropriate indicators it is not possible to accurately determine 
whether sufficient funding is allocated towards the right actions in the right places. 
This is vital if the Government is to achieve its long-term policy aims, including 
delivering Defra’s Environmental Land Management scheme outcomes, the 25-
year Environment Plan (25 YEP) goals, and the objectives outlined in the Flood and 
Coastal Erosion Risk Management (FCERM) strategy.  

As more countries are expected to come forward with National Adaptation Plans 
or Adaptation Communications in advance of COP26, attention will turn to 
measuring progress against these commitments. There is a window of opportunity 
for the Government to drive improvements in measuring progress on adaptation. 

The Committee has reviewed its previous indicator framework following the 2019 
Progress Report and identified key gaps.  
As part of its biennial review of progress in adapting to climate change in England, 
the Committee collects indicators to assess trends in risk factors: hazard, 
vulnerability and exposure. We also collect indicators to assess trends in 
adaptation actions, and climate impacts. 

In order to assess the suitability of existing adaptation indicators with the increasing 
challenge of measuring adaptation progress, the Committee has conducted work 
to align its existing adaptation indicator framework with a theory of change (ToC) 
approach. A ToC is a methodology that helps establish links between inputs, 
outputs, outcomes and impacts. These can be defined as: inputs - specific actions 
implemented to bring about outputs or outcomes (e.g. funding levels, capacity 
building activities); outputs – products or events produced that result from the 

Better indicators and data are 
needed to understand more 
clearly the effectiveness of 
adaptation actions.  
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completion of adaptation actions (e.g. area of peatland restored, energy efficient 
boilers installed in homes); outcomes – an intermediate prerequisite for meeting 
the Government’s overarching policy goals (e.g. meeting good ecological status 
benchmarks for water bodies); impacts – the contribution of outcomes to the 
achievement of goals that can be attributed to a particular intervention. (e.g.  
change in the number of properties flooded each year resulting from increased 
expenditure on flood risk management). 

A review of the Committee’s current set of adaptation indicators has identified 
significant gaps. 
The Committee’s work has included a rapid review of existing indicators against 
this ToC framework and producing an indicator wish-list for all sectors (see 
accompanying standalone annex to this report for more details). The results from 
the review show a high proportion of indicators within the Committee’s adaptation 
indicator framework measure the level of inputs to and outputs from given 
adaptation activities, however, there is a gap in metrics to measure progress 
towards outcomes (i.e. the effectiveness of adaptation actions). Furthermore, 
many indicators within the current set were originally designed for other purposes, 
and not to measure changes in risk vulnerability, so they can therefore be used 
only as proxy indicators at best. 

The exercise has enabled the Committee to identify areas where the assessment 
process would benefit from future work to design and populate additional 
adaptation indicators. These include: 

• Natural environment – a shortage of impact indicators that enable the
assessment of: a) the effectiveness of adaptation actions in reducing 
climate risk; and b) changes in the natural environment that can be directly
attributable to climate change.

• People and the built environment – a significant lack of data on sewer
capacity and sustainable urban drainage (SuDS) uptake which makes it
difficult to assess progress in surface water flood alleviation; and lack of
monitoring of internal temperatures in homes and other buildings.

• Infrastructure – indicators that enable the assessment of impacts from
disruption due to severe weather events on key infrastructure; indicators on
the condition of slopes and embankments supporting the strategic and
local road network; data on interdependent risks and resilience actions by 
infrastructure providers; data on the extent to which climate risk is being
considered in the design and location of new infrastructure. 

• Business – many of the current set of indicators are based on self-reported
or survey evidence which may not be representative for businesses of
different sizes or sectors; a shortage of impact indicators that enable a
consistent assessment of the effectiveness of adaptation interventions over
time.

Defra should bring together relevant stakeholders to share data and knowledge. 
There are many UK organisations who recognise the challenges of measuring 
adaptation progress and are in the process of developing indicators. For example, 
within government, Defra is developing a range of adaptation metrics within its 25-
YEP indicators framework, while the Environment Agency is exploring the design 
and use of indicators to measure progress towards the adaptation objectives set 
out in its FCERM strategy.  
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The CCC has been approached by the Interim Environmental Governance 
Secretariat to provide guidance around the adaptation indicators required for the 
proposed Office for Environmental Projection (OEP) to conduct its independent 
scrutiny of the Government’s progress towards meeting the 25-YEP goals. Following 
a special interest group workshop, the British Ecological Society (BES) is also 
coordinating the production of a peer-reviewed manuscript investigating how a 
suite of indicators may be developed to track the effectiveness of adaptations 
actions in the natural environment, within a monitoring and evaluation framework.   

Defra should consider how it can help to streamline these various processes and 
requirements, and bring together the different expertise available on developing 
and populating indicators. 

There is an urgent need for Government to fund work to develop new indicators to 
support the comprehensive assessment of adaptation progress.   
The next six months, in the run up to COP 26, would be a key time for the CCC to 
lead this work if requested by Government. In addition to a comprehensive 
framework for adaptation indicators, alignment of indicators across organisations 
and sectors will require coordination. The Committee is well placed to play a key 
role in harmonising indicators currently in development, drawing on expertise from 
different sectors and ensuring a consistent approach across organisations.  

The CCC would work together with Defra, the Office for Environmental Protection, 
the Environment Agency, MHCLG, the British Ecological Society and others to 
identify, develop and source data for new indicators, create a framework for using 
them and coordinate ongoing work to ensure indicators remain appropriate and 
relevant. There is also a role for the Chief Scientific Advisers to coordinate action 
across all Government departments and to consider how to better resource 
monitoring and evaluation.  
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2.1 Introduction 

This chapter considers progress in adapting the natural environment to climate 
change including both natural capital assets, and the ecosystem services they 
provide.  
The structure of this chapter follows the Natural environment and natural assets 
chapter in the Evidence Report for the 2021 UK Climate Change Risk Assessment. 
Its focus is the protection of the natural environment and goods and services that 
are provided directly from land, water and sea. Some of these services are 
covered in other chapters. For example, the business chapter covers a range of 
other provisioning services (minerals, energy); flood regulatory services are also 
covered in the infrastructure chapter; while water appears in several chapters 
across the report. Supporting services such as biodiversity and soil quality cut 
across all priorities so are not separately identified. Cultural services are not 
included in this discussion. The natural environment priorities covered in this 
chapter and their place in a natural capital framework are set out in Table 2.1. 

Natural capital assets including 
biodiversity 

Regulating services Provisioning services 

Terrestrial habitats and species 

Farmland habitats and species  

Freshwater habitats and species 

Marine and coastal habitats and 
species 

Water management Agricultural productivity  

Commercial forestry  

Commercial fisheries and 
aquaculture 

The natural environment is critical for adaptation because all other sectors 
ultimately depend upon it. 
Many of the services that the natural environment provides not only underpin 
human well-being and economic activity, but are also key to societal resilience to 
climate change. They support livelihoods and economies, help to moderate the 
climate itself, and offer protection from climate-related impacts such as storms, 
landslides and flooding. This was recognised in the UK National Ecosystem 
Assessment1, which noted that appreciation of the full value of ecosystem services 
requires recognition of values that are shared.2 For instance, the annual non-
market benefits (e.g. recreation, carbon sequestration, pollution removal, urban 
cooling) of UK woodland were found to exceed the market benefits of timber by 
approximately 12 times.* 3  

The type and scale of ecosystem services vary across contexts and scales. 
Provisioning services deliver resources (e.g. food, fibre) for economic activities such 
as agricultural production, fishing, timber and water supply.  

*  Estimate should be interpreted as the minimum value of the habitat, as a number of ‘non-market’ ecosystem 
services that support the valuation are not currently measured. 

Table 2.1 
Natural environment chapter priorities 

Source: CCRA3 Technical Report 

Many of the services that the 
natural environment provides 
not only underpin human well-
being and economic activity, 
but are also key to societal 
resilience to climate change.   

2385  



Progress in adapting to climate change: 2021 Report to Parliament 56 

At local to catchment scales, ecosystems contribute to regulating water flow and 
flooding, water quality, soil quality and retention, the spread of pests and diseases, 
and help to moderate direct climate-related impacts. At the regional to global 
landscape scales, ecosystems provide climate regulation through carbon 
sequestration.  

Supporting services, such as biodiversity and nutrient cycling, contribute to well-
being and resilience by underpinning ecosystem function. Cultural services such as 
recreation are central to health and human well-being and contribute to 
economic activities like tourism. The Covid-19 pandemic has increased awareness 
of the value of cultural services, such as access to the natural environment and the 
benefits it provides for mental and physical well-being.  

There are a growing number of practical tools that support this approach. For 
example, the Enabling a Natural Capital Approach (ENCA)online tool4 provides 
practical advice, and easy access to data and references to better understand 
natural capital and how to take it into account. Accounting for natural capital has 
also influenced the long term thinking behind the 25 Year Environment Plan for 
England, and other advice from the Natural Capital Committee. However, there 
remains only limited evidence of natural capital being considered in Government 
policy design, incentives for better environmental management and appraisal. 

Integrated, ecosystem-based approaches or nature-based solutions can 
contribute to adaptation for the natural environment and other sectors. 
Nature-based solutions (NbS) can help build the resilience of the natural 
environment to climate change impacts through delivering actions to protect, 
sustainably manage and restore natural or modified ecosystems in both urban and 
rural areas. For example, green and blue infrastructure are an increasingly 
important adaptation measure and generate a range of benefits both for wildlife 
(e.g., through habitat creation) and human health (e.g., reducing the Urban Heat 
Island effect, providing shading and surface water flood resilience; providing 
recreational opportunities; as well as potentially improving air quality). 

Effective planning for Net Zero can also deliver climate change adaptation and 
wider environmental goals. 
There are both risks and opportunities from the effects of a changing climate for 
the natural environment and its contribution to Net Zero. It is vital that the impacts 
of climate change risks on the natural environment and its ability to contribute to 
mitigation are incorporated in the delivery of mitigation measures. For instance, 
peatlands are critical for carbon storage and water regulation. If peatlands are 
not in good condition, they are at much higher risk of degradation and carbon loss 
as the climate changes, as well as not delivering its other benefits.  

In addition, mitigation measures such as new tree and hedgerow planting, 
catchment-sensitive farming and peatland restoration have important benefits for 
building climate resilience. However, careful planning about species mix, location 
and management actions is necessary for such measures to deliver planned 
greenhouse gas removals as the climate changes. The Government must therefore 
ensure the future local climatic and ecological context is considered when 
implementing the measures. The changes that are needed will vary across the 
country because climate change impacts will vary spatially, as well as the quantity 
and condition of natural capital assets, local needs and demands. 

 

 

There remains only limited 
evidence of natural capital 
being considered in 
Government policy design, 
incentives for better 
environmental management 
and appraisal. 

It is vital that the impacts of 
climate change risks on the 
natural environment and its 
ability to contribute to 
mitigation are incorporated in 
the delivery of mitigation 
measures. 
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The Government should leverage private sector financing to support climate 
adaptation and resilience activities. 
Government alone will not be able to finance the costs of addressing the adverse 
impacts of climate change, as well as fund the innovations needed to capitalise 
on any potential opportunities.  

Environmental restoration and management to build climate resilience at the 
landscape level will result in private benefits as well as public goods. For many of 
these, specifically in the areas of flood risk management, carbon sequestration 
and water quality improvements, it is critical to encourage private investment 
alongside Government funding (e.g. such as through the Environmental Land 
Management schemes), in order to deliver the scale of transformation in land use 
and management that is required. Combining public sector funds with private 
sector capital (blended finance) could offer the potential to scale up the 
deployment of projects that deliver multiple environmental benefits, including 
climate change adaptation. The Government’s Green Finance Strategy also looks 
to address this through aligning private sector financial flows with clean, 
sustainable and resilient economic growth.   

However, further work in this area is needed if the scale of the challenges from 
climate change in England are to be met. The Government should encourage 
private sector participation in climate change adaptation activities through 
expanding its portfolio of blended, innovative funds and facilitating risk-sharing.  

Monitoring the effectiveness of actions in the face of changing climate risks will be 
vital to assess how the extent and condition of the natural environment and the 
services it provides change over time.  
Some of the indicators used in this chapter to assess changes in risk and 
effectiveness of adaptation plans are based around the Lawton principles, 
established in 2010, for improving the resilience of the natural environment by 
making habitats 'bigger, better, more numerous and more joined up’. Habitat 
condition and species abundance (whether impacted by climate change or not) 
are used as proxy indicators for the vulnerability of biodiversity as a whole, as they 
give a sense of how ‘under pressure’ different systems already are. However, this 
enables only a simplistic assessment of progress. As noted in chapter 1, research 
into developing more sophisticated metrics for the natural environment is urgently 
needed to help inform on how ecosystems and biodiversity are changing due to 
climate change, and the components or functions that are most vulnerable to 
climate change, so that adaptation responses can be better focussed.  

There must be no regression in existing environmental protections. 
Our 2019 report identified a range of legislation designed to help protect the 
natural environment in England, several of which contain key mechanisms for 
reducing climate risks. The current lack of a non-regression commitment within the 
Environment Bill increases the danger of backsliding on environmental standards. 
The Government has tabled amendments to the Environment Bill to re-focus the 
habitats regulations to domestic priorities, including new secretary of state powers 
to amend the existing EU regulations. Ensuring the condition of all conservation 
areas, the wider countryside and urban environment are maintained is an 
important adaptation goal as set out in the Lawton Review noted above. Any 
changes to existing regulations must only proceed after consultation with experts 
such as Natural England and the new Office for Environmental Protection. 
Furthermore, to ensure that environmental protections are maintained in the 
future, the government should reaffirm in law its commitment to international 
nature conventions. 

Research into developing more 
sophisticated metrics for the 
natural environment is urgently 
needed to help inform on how 
ecosystems and biodiversity 
are changing due to climate 
change, and the components 
or functions that are most 
vulnerable to climate change, 
so that adaptation responses 
can be better focussed. 

Any changes to existing 
environmental regulations must 
only proceed after consultation 
with experts such as Natural 
England and the new Office for 
Environmental Protection.  
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2.2 Terrestrial habitats and species 

2019 score:  What has changed since 2019: 2021 score: 

3 Plan score: medium  

• The Government has published England action plans for peat and trees, while a
range of other plans are in development (nature, soil heath, plant health
biosecurity). These should both individually and collectively help improve resilience
of terrestrial habitats, but each must include careful consideration of future climate
change.

• The Government has increased spending in biodiversity and climate change,
however, it is unclear if funding levels will be sufficient to meet all commitments.
Environment Improvements plans (EIPs) mandated under the Environment Bill still
need to clearly outline measures to ensure plans meet the 25-year Environment Plan
goals. EIPs must integrate climate risks into the delivery of all plan outcomes, and
include actions that reduce vulnerability and exposure to climate change.

• Without statutory interim targets, linked to long-term targets, future EIPs risk
becoming aspirational.

Risk management score – low 

• Metrics to monitor the vulnerability of terrestrial habitats and species continue to
show slow progress or a decline. The majority of targets set out in the Government’s
Biodiversity 2020 strategy have not been met, with many falling well short.

3 

This adaptation priority covers semi-natural habitats classed by Natural England as 
terrestrial - woodlands, grasslands, heath, montane habitats and bogs, which 
together represent just over a quarter of total land cover in England. * It excludes 
enclosed farmland and extensive grassland used for farming, which is covered in 
section 2.3. We consider trees in terms of woodland habitats here, but their 
provisioning services in section 2.6. 

As with our previous progress reports, we have measured the vulnerability of 
biodiversity to climate change based on the principles set out in the Lawton 
Review (2010).† The high-level findings of the review suggested that habitats need 
to be in good condition, bigger, better and more joined up in order to have a 
greater chance of allowing the species they support to adapt naturally as the 
climate changes.  

*  Based on ONS UK Natural Capital Land Cover in the UK, 2015. Total semi-natural terrestrial habitats comprise semi -
natural grassland; broadleaf and conifer woodland; shrubland, bushland, heathland, barren; and sparsely 
vegetated areas. 

†   See a fuller description of the Lawton principles in CCC (2013) Managing the land in a changing climate. 

Progress summary – Terrestrial habitats and species 

Notes: See annex for full datasets 
Key Indicators: Terrestrial SSSIs in England, by condition, Peatland SSSIs in England, by condition, Measure of woodland resilience to climate change, 
Woodland species indices: breeding birds in woodland in England, Number of Wildfire incidents 
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We assess progress in adaptation as related to the changing condition and size of 
the habitats, but condition data is only available for Sites of Special Scientific 
Interest (SSSIs), which are a small percentage (ca.20%*) of the overall area of 
terrestrial habitats covered in this chapter.  

Summary of 2019 report score 

Terrestrial habitats and species scored a 3 rating in our 2019 report (medium plan 
score, low risk management score). 
Our 2019 report noted that whilst plans are in place, the measures outlined in them 
were not specific, with the effectiveness of many actions difficult to assess, 
especially for climate change adaptation. Furthermore, targets contained in the 
plans were narrow in scope and did not include all priority terrestrial habitats. There 
was evidence of actions being taken to restore species, habitats and ecosystems, 
but most were in the early stages of development.  

Has the plan score changed? 

No. The plan score remains medium.  

It is as yet unclear how risks from climate change and actions to address them will 
be incorporated into plans for improving the condition of terrestrial habitats and 
species.  

A new range of separate action plans including those for peat and trees were 
recently published, or are being developed by Government, which should help build 
the resilience of terrestrial habitats. However, more detail is needed on how the 
different strategies will combine to support the Government’s climate change 
adaptation goals. 

There are several plans for the natural environment that should individually and 
collectively help to improve the resilience of terrestrial habitats and species.  
Restoration of peatlands, alongside woodland planting, was identified as a priority 
climate action measure in the CCC’s Sixth Carbon Budget report. 5 The 
Government has now published separate actions plans for peat and trees in 
England. 

England Peat action plan 
Unless addressed in advance, some of the downside risks of climate change could 
result in irreversible loss of upland peat areas in England.6 

The England Peat Action Plan reiterates the 25-Year Environment Plan (25-YEP) 
commitment for all of England’s soils to be managed sustainably by 2030. Under 
the plan, a new Nature for Climate Peatland Grant Scheme (part of a broader 
£640m Nature for Climate Fund) will support the restoration of 35,000 hectares of 
degraded peatland in England, backed by over £50 million in funding between 
2021 and 2025. While this is a step in the right direction, the scale of restoration 
targeted relates to only around 5% of total peatland area in England. Of this, 15% 
of the area restored by 2025 will involve the restoration of lowland agricultural land 
to peat habitat. It is not clear what the target will be beyond 2025.  

*  20% England figure calculated as semi-natural terrestrial SSSIs published by Natural England 
(https://designatedsites.naturalengland.org.uk/NEInterimReports/ConditionByHabitat.aspx) as a proportion of the
total area of semi-natural habitats published in ONS UK Natural Capital Land Cover in the UK, 2015. 
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As outlined in the Plan, the sale of peat in compost for the amateur horticultural 
market will be banned in England by 2024, subject to a consultation later in 2021 
on a range of legislative measures to achieve this. The consultation will also 
consider the ban on peat for the professional market. There are no new actions in 
relation to ending peat extraction in England. The Plan also does not contain any 
new actions to prevent the rotational burning of upland peat areas, in addition to 
the partial ban legislated with effect in 1st May 2021, which relates only to certain 
protected blanket bog sites. However, the government will keep under review the 
environmental and economic case for extending the approach to additional 
areas of blanket bog after assessing how the new regime works in practice (see 
below). 

Recommendation (see CCC 2021 Joint Progress Report) 

Extend current ambition set out by the UK government and the devolved administrations 
to implement a comprehensive delivery mechanism to address degraded peatland 
(hectares given are for the UK): 

• 17% of upland peat is restored, equivalent to 200,000 hectares (and where this is not 
possible, stabilise the peat) by 2025; 58% by 2035 (700,000 hectares) and the 
remaining area by 2045;

• Rewet and sustainably manage 12% of lowland peat used for crops by 2025 (24,000 
hectares), rising to 38% by 2035 (72,000 hectares);

• Rewet 8% of lowland grassland area by 2025 (18,000 hectares), rising to 25% by 2035 
(54,000 hectares);

• Remove all low-productive trees of less than YC8 off peatland (equivalent to 16,000 
hectares by 2025), and restore all peat extraction sites by 2035 (equivalent to 50,000 
hectares by 2025).

Department: Defra, Timing: 2021-2025 

Soil Health action plan 
To help achieve the Government’s commitment for all of England’s soils to be 
managed sustainably by 2030, Defra are considering the potential scope for a soil 
health action plan as an appropriate means of supporting land managers and 
farmers. While broader in scope, since it will cover all soils in England, the draft Plan 
would be complementary to the England Peat Action Plan.  

The draft plan will include developing and implementing a number of actions that 
support sustainable soil management and implementing new measuring and 
monitoring schemes for soil health. For example, the Sustainable Farming Incentive 
(SFI) will support sustainable approaches to farm husbandry to deliver for the 
environment. Plans also include developing a new Soil Health Monitoring Scheme 
(SHMS) for England to produce a new robust data baseline. A healthy soils 
indicator will be developed to feed into the SHMS and will inform a future target for 
soil health under the Environment Bill. Separately, a new Soil Structure Measuring 
and Monitoring Scheme is being developed to enable visual assessments to be 
carried out by farmers and land managers across all land use/soil types. 

England Tree action plan  
The CCC’s land use report (2018) showed that woodland planting is a key measure 
for improving climate resilience; though much depends on ensuring that the right 
species are planted in the right location to ensure the delivery of multiple 
ecosystem services, in addition to carbon sequestration and storage.  
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Under the England Tree Action Plan, the Government will spend over £500 million of 
the £640 million Nature for Climate Fund on trees and woodlands between 2020 
and 2025.  The funding will support a trebling of current woodland creation rates, 
equating to ca.7,000 ha per annum out to 2025. According to the Forestry 
Commission, this is broadly consistent with the Government’s aspiration to increase 
woodland cover in England from 10% presently to 12% of total land area by 2060, 
but the expansion rate would need to be maintained to mid-century. Woodland 
expansion will include conventional planting in urban and rural areas (including 
trees on farms), as well as natural colonisation. To incentivise more biodiverse 
woodlands, higher payment rates will be offered to landowners creating 
predominantly native broadleaf woodland. Under the Woodland Creation Offer 
grant, a range of ecosystem services provided by woodlands will be recognised, 
and extra funding will be provided for planting that can deliver wider benefits such 
as riparian shading, biodiversity, water filtration and flood risk alleviation (see 
section 2.6). 

The Government’s new Environmental Land Management schemes will provide 
the main mechanism for publicly funded woodland creation after 2024. Work is 
being undertaken by Defra to determine the specific actions the ELM schemes will 
pay for, and quantify their contribution to climate adaptation. It is understood this 
work is being informed by detailed modelling, which will also test the resilience of 
these actions to climate uncertainty (see section 2.3).  

Plant Biosecurity Strategy 
The 25-YEP includes a commitment to revise the 2014 Plant Health Biosecurity 
Strategy, which will set out the strategic framework to protect plant health in order 
to protect natural capital in England from invasive non-native species. The strategy 
was delayed due to the national election in 2019 and Covid-19 pressures, with 
plans now for it to be published in Autumn 2021.7 

Nature Strategy 
The Government committed to a strategy for nature in England to implement 
commitments under the Convention on Biological Diversity (CBD). Government has 
already announced key elements of its strategy (e.g. on targets, legislative reform 
and new funding for nature based solutions) and will continue to develop its 
approach, including developing legally the binding biodiversity targets (see 
below) and updating its plans and strategies in response to the 15th Conference of 
the Parties to the CBD in October of this year. 

An overarching ‘wrapper strategy’ would be useful to clearly outline the 
relationships and interactions between the multiple action plans both published 
and in development for the natural environment. 
This wrapper strategy should set out how the different strategies listed above will 
interact and combine to support meeting the Government’s climate change 
adaptation goals, alongside broader objectives for the natural environment. 

Recommendation 

Publish an overarching strategy that clearly outlines the relationships and interactions 
between the multiple action plans either published or in development for the natural 
environment, including those for peat, soil health, trees, nature and plant biosecurity. This 
must clearly outline how the different strategies will combine to support the Government’s 
climate change adaptation goals. 

Department: Defra, Timing: 2021. 

An overarching ‘wrapper 
strategy’ would be useful to 
clearly outline the relationships 
and interactions between the 
Government’s various new 
action plans for the natural 
environment. 
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The Nature Recovery Network (NRN) is a key Government policy that will underpin 
the Nature strategy.  
As outlined in the 25-YEP, the NRN will aim to deliver on the recommendations of 
the Lawton Report that recovering biodiversity will require habitats in better 
condition; in bigger patches and that are more closely connected. Goals for the 
NRN set out in the 25-YEP include restoring 75% of terrestrial (and freshwater) 
protected sites to favourable condition, and creating or restoring 500,000 hectares 
of wildlife-rich habitat outside the protected site network, focusing on priority 
habitats. However, as noted in our 2019 progress report, in its current form, the 75% 
restoration target falls well short of the recognition in the Government’s response to 
the CCC’s 2017 report* that much wider action is needed, in that it only applies to 
terrestrial protected sites. As noted above, protected sites cover only around one-
fifth of the total area of semi-natural terrestrial habitats - the target should be 
extended to include all priority terrestrial sites. 

Natural England is leading work to explore how climate change considerations 
can be incorporated into the NRN’s design, both spatially and as a core principle. 
A NAP ecosystems and biodiversity group has been established to support this, 
which includes major landowners such as CLA, RSPB and National Trust. The group 
is used as a platform to discuss with a wider group of partners, issues including 
potential impacts under 2°C and 4°C degree global temperature scenarios. 

Recommendation 

Defra must extend its commitments outlined in the 25-Year Environment Plan.  The 
commitment to achieve 75% restoration for terrestrial and freshwater protected sites 
should be extended to include all priority habitat sites. 

Department: Defra, Timing: 2021. 

Legislation has been introduced to prevent the rotational burning of certain blanket 
bog sites in England with immediate effect.  
The partial ban applies only to protected sites† that are also a Special Area of 
Conservation or a Special Protection Area covering a total area of around 142,000 
hectares, representing around 40% of all blanket bog in England. The England Peat 
Action Plan notes that the Government will continue to review the environmental 
and economic case for extending the approach to additional areas of blanket 
bog after assessing how the new regime works in practice. However, this ban is less 
ambitious than the recommendation set out in the CCC’s Sixth Carbon Budget 
Advice8 that all rotational burning in England should cease immediately. 

Recommendation (see CCC 2021 Joint Progress Report) 

Introduce legislation to extend the ban on rotational burning of peat from certain 
protected upland bog sites to all peatland before the start of the burn season in 2021; 
end peat extraction, and ban its sale for all horticultural uses including in the professional 
sectors and apply this to imports by 2023; mandate water companies to restore peatland 
under their ownership; and ensure lowland peat soils are not left bare. 

Department: Defra, Timing: 2021-2023 

*  In its response to recommendation 6 of the CCC's 2017 report to parliament, the Government recognised the need 
for action to be 'taken to enhance the condition of priority habitats and the abundance and range of priority 
species, both on protected sites and in the wider countryside'. 

†   Also referred to as Sites of Specific Scientific Interest (SSSIs) 
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Natural England and the RSPB have updated their joint Climate Change Adaptation 
Manual.  
The manual is a resource to support practical and pragmatic decision-making, by 
bringing together recent science, experience and case studies, and is intended to 
be an accessible entry point to a range of available resources and tools. Climate 
impacts and associated adaptation actions are presented by habitat. The 
guidance emphasises the importance of considering 2°C and 4°C warming 
scenarios. 

Environment Improvements Plans (EIPs) mandated under the Environment Bill will 
need to clearly outline measures to ensure they meet Defra’s 25-year environment 
plan goals. 
Delivering significant improvements across the whole of the natural environment is 
vital to building the ecosystem resilience required to adapt to climate change. The 
Environment Bill creates a new statutory cycle of monitoring, planning and 
reporting progress, including a duty on the Government to prepare rolling 
Environmental Improvement Plans (EIPs)* and set requirements for what the plans 
must contain. The EIPs are necessary to provide the comprehensive and long-term 
vision that will guide legislation and policy to deliver better protection and 
enhancement of the natural environment. 

However, the EIPs need to be strengthened to ensure that they include time 
bound, specific measures, which are more explicitly linked to the delivery of the 
environmental outcomes outlined in the 25-YEP. Furthermore, adaptation is a 
necessary pre-requisite to meeting the 25-YEP goals, because climate change will 
prevent the goals from being met without additional adaptation.9 It is vital that 
climate change risks are considered in the delivery of all outcomes, and actions 
that reduce vulnerability and exposure to climate change must also be clearly 
identified and incorporated into the EIPs.  

The government has committed to increase the amount of protected land in the UK 
to 30% by 2030. 
The Government has suggested that 26% of land in England is already protected 
for nature. However, the majority of this area is not specifically designated for 
nature’s protection. Even where there are environmental designations in place, 
many are poorly-managed sites that are not in a good condition for nature and 
have not been regularly monitored.10 This suggests significantly more resources will 
be required than that currently estimated by Government if the target is to be 
delivered effectively. To help achieve the 30% commitment, all sites contributing to 
the target must be monitored and in favourable condition or showing 
demonstrable signs of ecological recovery. 

Action-based long-term targets will not be sufficient to ensure the Government’s 
goals for biodiversity are met. 
The Environment Bill will mandate the government to set at least one long-term 
target in four priority areas (air quality, resource efficiency and waste reduction, 
water, and biodiversity) with each required to have a minimum duration of 15-
years. The ability to set more than one long-term target within a given priority area 
will be particularly beneficial for biodiversity where a single measure will not be 
sufficient; different ecosystems, habitats and species are changing in different 
ways.  

 
*   The 25-year Environment Plan is the Government’s current Environmental Improvement Plan 
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In addition to the long-term targets, Defra confirmed in May 2021 it will also 
introduce a separate 2030 target for species abundance. The details will be set in 
secondary legislation following consultation and further evidence gathering. 

Proposals outlined in Defra’s environmental targets policy paper suggest that for 
biodiversity, its long-term “outcome” targets may be limited to goals concerning 
the restoration of protected sites, whilst relying on “actions” targets for other 
important habitats. As noted above, protected sites represent around ca. 20% of 
the area of semi-natural terrestrial habitats in England. It is vital that a range of 
outcome-based long-term targets, determined through an independent, 
evidence-led process of expert advice, stakeholder engagement, and public 
consultation, are set for biodiversity. Furthermore, meaningful biodiversity measures 
to assess progress in meeting the targets need to be agreed with standardised 
methods. Failure to do so risks setting arbitrary targets, which meet legal 
requirements but do not lead to progress towards the 25-YEP outcomes. 

The Government will be required to periodically review its long-term targets, by 
carrying out a Significant Improvement Test at least every five years.  
This means that the Government must consider whether meeting its long-term 
targets, alongside any other relevant statutory environmental targets, would 
significantly improve the natural environment in England. The first test will be 
conducted by January 2023, three months after the October 2022 deadline for the 
long-term priority targets to be laid before parliament. 

Recommendation 

Long-term targets for biodiversity, set out under the Environment Bill, and associated 
timeframes must be outcome-based and linked directly to the goals set out in the 
Government’s 25-YEP. 

Department: Defra, Timing: June 2022. 

Interim targets should be placed on a statutory footing to compel action now. 
Interim targets will also be included in the EIPs, which will set out government’s five-
year trajectory, progress of which will be updated annually. However, the interim 
milestones are non-mandatory meaning there is nothing to compel the 
Government to act now to meet targets, or to take future remedial action where 
targets are missed. Without legally binding interim targets which are linked to clear 
legally binding long-term targets, it is likely that the ten 25 YEP goals and future EIPs 
will become aspirational.  

Recommendation 

Interim targets for biodiversity must be made statutory and linked clearly to the long-term 
targets set out in the Environment Bill. 

Department: Defra, Timing: June 2022. 

Has the risk management score changed? 
No, the score remains low. 

Indicators available to monitor the vulnerability of priority terrestrial habitats and 
species show no progress, or a decline. The majority of targets set out in the 
Government’s Biodiversity 2020 strategy have not been met, with many falling well 
short. 

It is vital that a range of 
outcome-based long-term 
targets, determined through an 
independent, evidence-led 
process of expert advice, 
stakeholder engagement, and 
public consultation, are set for 
biodiversity. 

Without legally binding interim 
targets which are linked to 
clear legally binding long-term 
targets, it is likely that the ten 25 
YEP goals and future EIPs will 
become aspirational. 
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Changes in habitat condition and species abundance (whether impacted by 
climate change or not) act as proxy indicators for the vulnerability of biodiversity as 
a whole, as they give a sense of how ‘under pressure’ different systems already are 
This aligns to the idea in the Lawton Review that ecosystems will withstand the risks 
from climate change more effectively if other pressures on them are reduced. 

The Biodiversity 2020 strategy11 contained a goal to achieve at least 50% of sites of 
special scientific importance (SSSIs) in favourable condition, while maintaining at 
least 95% in favourable or recovering condition.  

There has been little change in the condition of terrestrial SSSIs.  
The proportion of terrestrial SSSIs* in England classed as in either ‘favourable’ or 
‘unfavourable recovering’ condition declined from around 94% in 2016 to around 
93% in 2021 (see figure 2.1). Within that, protected sites classed as in ‘favourable’ 
condition increased by 2% over the same period, although these represent only 
27% of total terrestrial sites.  

Figure 2.1 Terrestrial SSSIs in England,  
by condition  
 

 Source: Natural England, https://designatedsites.naturalengland.org.uk/NEInterimReports/ConditionByHabitat.aspx 

 
The percentage of upland peat SSSIs in favourable or unfavourable recovering 
condition has dropped since 2016. 
Approximately half of upland peatland in England are designated as SSSIs (51% as 
at 2018). 12 Since 2016, there has been a decrease in the area of upland peat 
blanket bog SSSI sites classed as in ‘unfavourable recovering’, down from 83% to 
78% in 2021 (figure 2.2). This has coincided with an increase in sites classed as 
‘unfavourable no change’, up from 4% in 2016 to 9% in 2021. 

 

 
*   Also referred to as protected sites. 
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Figure 2.2 Upland blanket bog SSSIs in England,  
by condition  
 

 

Source: For 2016 to 2021 data see Natural England: 
https://designatedsites.naturalengland.org.uk/NEInterimReports/ConditionByHabitat.aspx 
For 2003 and 2013 data, see ECI (2013) for the CCC, Assessing preparedness of England's natural resources for a 
changing climate 

 
Without routine national monitoring of soil condition in England, it is difficult robustly 
assess the progress being made in managing vulnerability to climate change.  
The last national assessment of soil condition in England was published as part of 
the 2007 Countryside Survey, while the National Soil Inventory, which also covers 
soil condition, was last conducted 2003. As noted above, draft proposals for the 
soil health action plan indicate it will include a number of actions that support 
sustainable soil management and implementing new measuring and monitoring 
schemes for soil health 

As part of the Nature for Climate Fund (see above) initiative Defra has 
commissioned a project to deliver an updated peatland map. The project’s aim is 
to map England’s peatlands by determining peat location, depth, condition and 
extent to improve spatial prioritisation of restoration work and more accurately 
estimate greenhouse gas emissions. The peatland map is scheduled to be 
delivered by 2024 and will form a part of the England Peat Action Plan. 

UK CEH also started a scaled down version of the Countryside Survey in 2019, using 
a UKRI-NERC- funded research platform with an annual rolling program to measure 
soils and vegetation repeated every five years.  

The aim is to revisit all the grid squares surveyed in 2007 survey, but with a reduced 
set of measurements, focusing on plant monitoring and soil sampling for basic soil 
chemistry. The impact of Covid-19 has caused delays to the survey since 2020, 
although it is understood it has recommenced.  

Some progress appears to have been made in improving woodland connectivity. 
Maintaining and improving connectivity is important in promoting biodiversity in a 
fragmented landscape, especially under a changing climate. However, it is very 
challenging to measure at the national scale.  
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The Forestry Commission has made some progress in this area, through its 
woodland resilience indicator, measured as the size and spatial configuration (i.e. 
connectivity) of patches of forests and woodlands, relative to 2011 values 
(assigned as 100). This indicator shows a consistent year-to-year increase in 
connectivity for forests and woodlands in England between 2011 and 2018 (figure 
2.3). 

Figure 2.3 Measure of woodland resilience to 
climate change  
 

 
Source: Forestry Commission  
Notes: Area of woodland created with support from the Rural Development Programme for England: both the 
English Woodland Grant Scheme (EWGS) and the Countryside Stewardship incentives. Areas of private-sector 
funded planting or planting supported by other Government funding streams are relatively small and not included. 

 
Woodland bird species diversity is still declining. 
Woodland ecosystems that are less diverse are less resilient to changes in climate, 
and indeed, other pressures. Species groups such as birds and butterflies provide a 
good indication of the broad state of the natural environment 

Woodland species indicators suggest declining trends for both the long-and short-
term. Between 1970 and 2018, the index for woodland bird specialists declined by 
45% while the index for woodland bird generalist species increased by 3% (see 
figure 2.4). The long-term decline of the woodland bird indicator in England has 
been mostly driven by the decline of specialist woodland birds such as willow tit, 
spotted flycatcher and lesser redpoll (species restricted to or highly dependent on 
particular woodland habitats). A recent report by the Woodland Trust13 also found 
just 7% of Britain’s native woodlands are currently in good ecological condition. 

 

 

 

 

Woodland species indicators 
suggest declining trends for 
both the long-and short-term. 
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Figure 2.4 Specialist and generalist woodland 
birds in England 

 
 

 

Source: Defra biodiversity indicators 2020 update. 
Notes: 1. The line graph shows the unsmoothed trends (dashed lines) and smoothed trends (solid lines). 2. The figures 
in brackets show the number of species in each index. 

 
There has been an increase in the number of wildfires and area burnt between 
2015 and 2019.  
Wildfire is an emerging risk that requires more attention in adaptation planning, so 
we include it as an impact indicator here.14  

Delays due to COVID-19 mean Forestry Commission has not been able to produce 
an update on wildfire statistics since the 2016-17 reference period. However, UK-
wide data from the European Forest Fire Information System (EFFIS) suggest that the 
number of recorded wildfires have increased over the last few years, from less than 
20 during 2015 to 2017, increasing to 79 in 2018 and 137 in 2019.15 These data 
concur with analyses of Forestry Commission wildfire statistics data for England 
published in our 2019 progress report. In terms of the UK area burnt by wildfires, this 
has increased significantly in the last few years, from around 2,000 hectares in 2015 
to18,000 hectares in 2018 and 29,000 hectares in 2019 (figure 2.5).  

The majority of the area burnt each year was classified as ‘other natural land’ and 
accounted for around 95% across each of the five years (2015-2019). This suggests 
that the majority of large wildfires over 30 hectares in size occur in natural habitats, 
rather than e.g. agricultural land. 

  

The number of recorded 
wildfires in the natural 
environment have increased 
significantly since 2015. 
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Figure 2.5 Total UK wildfire area burnt, per annum, 
split by land cover class.   
 

 
Source: ADAS for the CCC (2021) Research to update indicators of climate-related risks and actions in England.  
Notes: Area burnt (hectares) by wildfires larger than 30 hectares in size. 
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2.3 Farmland habitats and species 

2019 score:  What has changed since 2019: 2021 score: 

1 Plan score - low 

• The forthcoming Environmental Land Management scheme has the potential to
form a comprehensive plan to improve the resilience of the farmed countryside to
climate change. The scheme’s three-level design and the focus on ‘payments by
results’ should support this. However, plans to date indicate adaptation is still not
given sufficient consideration: it is not clear how climate risks will be incorporated in
the delivery of private and public good outcomes, while explicit payments for
actions that reduce vulnerability to climate change are still limited to flood risk.

Risk management score – low 

• Long-term downward trends in abundance indicators for key farmland species
suggest agri-environment schemes have had only limited impact on managing
pressures on biodiversity to date. Habitat condition indicators show the proportion
of protected farmland habitats in favourable/ improving condition remains
relatively high, but they only represent ca.1% of total farmland areas.

1 

The farmed countryside is the largest land use class across the UK, occupying 
around 70% of land area.16 It is exposed similarly to the current and future pressures 
from climate change as those facing the terrestrial habitats and species priority. 
However, farmland areas are also exposed to significant other pressures from 
agricultural practices meaning they are likely to be highly vulnerable to climate 
change, hence we assess them separately.  

Summary of 2019 report score 

In our last report, Farmland habitats and species scored a 1 (low plan score, low 
risk management score).  
Our 2019 progress report highlighted that the adaptation plans in place for the 
farmed countryside would not be sufficient to address the risks identified in the 
Second UK Climate Change Risk Assessment. On progress in managing risk, we 
highlighted that the decline in abundance for key species in the farmed 
countryside suggest Agri-Environment schemes had had limited impact on 
managing pressures on biodiversity. 

Has the plan score changed? 

No, the plan score remains low. 

While the Environmental Land Management scheme (ELM) has the potential to 
foster a sustained improvement in the condition of farmland habitats and species, 
plans to date indicate climate change adaptation is still not given sufficient 
consideration. 

Progress summary – Farmland habitats and species 

Notes: See annex for full datasets 
Key Indicators: SSSIs in the farmed countryside, by condition, Changes in abundance of species (birds, butterflies) in the farmed landscapes (England), 
Changes in abundance of plant species in arable farmland habitat types (UK) –Experimental 
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As outlined in the Government’s second national adaptation programme (NAP2), 
the Government is currently working to develop a new long-term land 
management payments strategy to replace the former Common Agricultural 
Policy (CAP). The Environmental Land Management (ELM) scheme set out in the 
Agriculture Act 2020 will be a key mechanism in supporting the Government to 
improve the condition of the farmed countryside. Under current plans, the ELM 
scheme aims to deliver outcomes under six categories of public goods as 
identified in the 25-YEP: clean air, clean and plentiful water, thriving plants and 
wildlife, reducing risk from environmental hazards, mitigating and adapting to 
climate change, and enhanced beauty, heritage and engagement with the 
natural environment. Activities to improve and protect soil health will be central to 
delivering on these goals, although current plans do not include it as an outcome 
in itself. Existing plans for the scheme propose a three-scheme payment structure, 
with each one targeting a different geographic scale: These comprise: 

• Sustainable Farming Incentive Scheme; pays farmers and land managers 
for actions taken (beyond regulatory requirements) to manage land in an 
environmentally sustainable way. 

• Local Nature Recovery Scheme; pays for actions that support local nature 
recovery and deliver local environmental priorities. The focus is ensuring the 
right things are delivered in the right places. 

• Landscape Recovery Scheme; supports the delivery of landscape and 
ecosystem recovery through long-term, land use change projects. This 
includes projects to restore wilder landscapes in places where that is 
appropriate, large-scale tree planting, peatland and salt marsh restoration 
projects. 

The piloting and implementation of the three future schemes will be funded by 
gradual reductions in current Basic Payment Scheme* payments between 2021 to 
2027. 
ELM has the potential to form a comprehensive plan to improve the resilience of 
biodiversity in the farmed countryside to climate change.  
The three-level scheme design and the focus on ‘payments for outcomes’ (e.g. 
clean water) should support this. In particular, the Local Nature Recovery and 
Landscape Recovery schemes have the potential to drive systemic change, while 
the broader landscape focus of the latter could help deliver mitigation and 
adaptation co-benefits. 

The Government must build adaptive capacity through ensuring the local context 
is considered in ELM. 
The best use of land to support the delivery of public goods will vary depending on 
the local ecological and geographical context. The changes that are needed will 
differ across the UK because the effects from climate change will vary spatially, as 
well as the quantity and condition of natural capital assets, local needs and 
demands.  For instance, as noted in section 2.1, carefully considered tree planting 
that ensures the right trees are planted in the right places can help deliver the 
Government’s objectives for adaptation and mitigation. However, it is not yet clear 
how this spatial element of ELM will work. 

 

 
*   The Basic Payment Scheme (BPS) is the European Union’s rural grants and payments to help the farming industry 

under the Common Agricultural Policy (CAP) 

Plans to date for the 
Government’s proposed 
Environmental Land 
Management scheme indicate 
climate change adaptation is 
still not given sufficient 
consideration. 

The Government must build 
adaptive capacity through 
ensuring the local context is 
considered in its Environmental 
Land Management Scheme. 
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It is vital that ELM design recognises adaptation as a necessary pre-requisite to 
meeting the scheme’s other public good outcomes, and this is reflected in actions 
the schemes will pay for. 
Mitigating and adapting to climate change Is one of the six environmental public 
goods that will be rewarded under the ELM schemes to contribute to delivering the 
25-Year Environment Plan (25-YEP). Work is being undertaken to determine the 
specific actions the schemes will pay for, and quantify their contribution to 
mitigating and adapting to climate change alongside other policy levers. Defra 
has confirmed that this is being informed by detailed modelling, which will also test 
the resilience of these actions to climate uncertainty. Previous analysis by the 
CCC17 has shown how difficult this is to do at a national level and that providing 
the right tools for local decision making may be a better approach from an 
adaptation perspective. Further details on the schemes will be published later in 
2021. 

An integrated response to climate change, agriculture and the environment is 
needed.  
ELM must sit within a wider suite of climate and environmental policies. Defra has 
yet to set out how ELM, the Environment Bill, the 25-YEP and various policies 
planned for trees, peatlands and biodiversity will fit together. As noted in section 
2.2, it is unclear how the different strategies together will support the Government’s 
climate change adaptation goals.  

Defra has reported ongoing targeting of Agri-Environment Schemes (AES), such as 
Countryside Stewardship, on the maintenance and restoration of special sites of 
scientific interest (SSSIs) to deliver favourable condition of farmed habitats.   
Several research projects have been completed to evaluate and clarify the extent 
to which different factors may be inhibiting or masking the progress towards shifting 
SSSIs in AES to favourable condition, with a view to improving the implementation 
of current schemes and informing the development of future AES.18 NAP2 also 
includes an action to conduct research on the resilience of AES to climate 
change, which has been completed. While there is evidence to suggest the range 
of activities incentivised through AES are making some contribution to improving 
the resilience of the farmed countryside,19 biodiversity indicators for Farmland 
species show continuing declines in populations (see below). With the farmed 
countryside representing over two-thirds of land cover in England, analysis of 
progress is hindered by the same issues around monitoring as terrestrial habitats 
and species (section 2.2).  

The England Peat Action Plan includes activities to restore over 5,000 hectares of 
lowland agricultural land. 
Under the Plan, the Government has committed to restoring 35,000 hectares of 
degraded peatland in England by 2025. Of this, the Government’s aim is for 15% of 
the area restored by 2025 to involve the restoration of lowland agricultural land to 
peat habitat. This compares to the CCC’s recommendation in its Sixth Carbon 
Budget report for the restoration of 8,000 hectares of lowland peat by 2025. 

Has the risk management score changed? 

No, the risk management score remains low.  

Indicators show there has been no reversal in the long-term downward trend in 
abundance indicators for key farmland species, suggesting AESs have had only 
limited impact on managing pressures on biodiversity to date.  
As noted above, the vast majority of land in England is farmed in some way20 – so 
how this land is managed has a big impact on its condition and resilience to 
climate change.  

It is vital that ELM design 
recognises adaptation as a 
necessary pre-requisite to 
meeting the scheme’s other 
public good outcomes, and 
this is reflected in actions the 
schemes will pay for. 
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Data available on the percentage of SSSIs in the farmed countryside that are in 
favourable or unfavourable recovering condition remains relatively high (87%). 
However, designated sites such as these represent a very small proportion (less 
than 1%)21 of the total area of farmed habitats (figure 2.6). 

Figure 2.6 Farmland SSSIs in England,  
by condition  
 

 

Source: Natural England, https://designatedsites.naturalengland.org.uk/NEInterimReports/ConditionByHabitat.aspx 

 
Breeding bird numbers on farmland in England are less than half the levels 
recorded in 1970. 
According to the Lawton principles, habitats need to be in good condition, bigger, 
and more joined up in order to have a greater chance of allowing the species 
they support to adapt naturally as the climate changes. Species groups such as 
birds and butterflies provide a good indication of the broad state of the farmed 
environment. In 2018, the England farmland bird index was less than half (43%) of its 
1970 value (see figure 2.7). The majority of the decline occurred between the late 
1970s and early 1980s at a time of rapid changes in many farmland management 
practices. Declines have continued in recent years, albeit at a slower rate.  
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Figure 2.7 Breeding birds on farmland in England 
 

 
 

 

Source: Defra biodiversity indicators 2020 update. 
Notes. 1. The line graph shows the unsmoothed trend (dashed line) and the smoothed trend (solid line) together 
with its 95% confidence interval (shaded). 2. The figure in brackets shows the number of species in the index. 3. The 
bar chart shows the percentage of species within the indicator that have increased, decreased or shown little 
change, based on set thresholds of annual change. 

 
Hedgerow habitats support resilience of the farmed countryside to climate 
change, but the absence of current data mean it is not possible to assess recent 
trends in their condition. 
Hedgerows are an important feature of agricultural landscapes. They deliver a 
range of biodiversity benefits by providing food and shelter for a range of birds, 
insects and mammals. They also facilitate movement through the landscape by 
providing respite for organisms such as flying insects.22 Hedgerows also provide 
wider environmental benefits and regulatory services such as increasing water 
quality and regulation, increasing air quality, reducing flood risk, reducing soil 
erosion, maintaining climate regulation through carbon sequestration, and 
promoting pollination and pest control by providing habitat for pollinators and 
predators of crop pests. By acting as a physical barrier at a field edge, hedgerows 
are able to reduce the amount of fertiliser, pesticides and sediment, which may be 
included in surface water run-off, from reaching watercourses. They can also 
contribute to managing the flow of water run-off, which can support in reducing 
peak flows and the risk of flooding across the catchment.  

Managed hedgerows provide significant value, both to farmers and wildlife, 
however, if these are neglected the value can greatly reduce or become 
negligible.23 Similarly, where hedgerows are lost, the benefits associated with the 
hedgerows are lost alongside this, which can have negative impacts for 
biodiversity and regulatory services, and also result in an increase in carbon 
emissions. 

In 2006, it was estimated that only 22% of the UK’s hedgerows were in a favourable 
state.24 Furthermore, between 1984 and 2007, there was a 24% decrease in the 
length of ‘managed’ hedgerows in Great Britain. However, the absence of recent 
data on the condition and extent of hedgerows in England means that it is 
currently difficult to determine whether progress is being made in managing the 
vulnerability to climate change of this vital farmland habitat.   
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2.4 Freshwater habitats and species 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - medium 

• The score has remained at medium. The Environment Agency has incorporated
findings from national level risk assessments that consider climate impacts under 2°C
& 4°C scenarios into the River Basin Management Plan revisions process. However,
current plans still do not give adequate consideration of risks to freshwater habitats
from higher water temperatures and there is still no clear mechanism that accounts
for the consequences of reductions in quality or flows due to climate change in
meeting Government targets.

Risk management score – low 

• The score has changed to low from medium. Available freshwater species metrics
indicate populations remain stable. However, there has been a recent decrease in
the proportion of protected freshwater sites in ‘favourable’ or ‘unfavourable
recovering’ condition, while broader measures of the health of all surface water
bodies indicate persistent long-term declines in ecological status. New evidence
shows water temperatures in freshwater environments have consistently exceeded
their long-term mean in recent decades.

3 

This adaptation priority covers all semi-natural freshwater habitats and the species 
they contain as classified by Natural England; rivers, streams, standing open water 
and canals. At a UK level, freshwater habitats cover around 12% of land.25 

Freshwater habitats provide a wide array of important ecosystem services, 
including water supply (see section 2.8) pollution removal, and recreation (e.g. 
fishing and tourism). The annual value of these services, to the UK, has been 
estimated at approximately £1.3 billion per annum.26 Though this estimate does not 
include all relevant ecosystem services, it will likely represent an undervaluation.  

Summary of 2019 report score 

In our last report, freshwater habitats and species scored a 5 (medium plan score, 
medium risk score).  
Our 2019 assessment found that while plans were in place to incorporate evidence 
on climate impacts under a range of future warming scenarios into the third cycle 
of the River Basin Management Plan, the revisions lacked adequate consideration 
of risks to the freshwater environment from higher water temperatures. On progress 
in managing risk, we highlighted that while the percentage of designated 
freshwater sites in favourable condition was improving, broader measures of the 
ecological condition of all surface water bodies assessed as part of the Water 
Framework Directive (WFD) indicated a worsening trend. 

Progress summary – Freshwater habitats and species 

Notes: See annex for full datasets 
Key Indicators: Protected freshwater sites in England, by condition, Proportion of water bodies in England meeting good status, Breeding wetland birds in 
England, England water temperature index - Annual variance from long-term mean 
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Has the plan score changed? 

No. The score remains the medium.  

EU protections for the water environment in England have been fully transposed 
into UK law and thus have remained in place following EU exit. 
Historically, the European Union Water Framework Directive (EU WFD) has provided 
the framework for the management of freshwater resources in England. The EU 
legislation, and accompanying environmental standards and targets, were 
translated into UK law prior to the UK leaving the EU. They will continue to 
operate under the policy of “roll-over”. The UK Government’s Environment Bill also 
includes provision for water resources management now that the UK has left the 
EU. 

Plans are in place that consider the impact of reduced water availability as a result 
of climate change, contain clear outcomes and align to the goals for freshwater 
habitats outlined in the 25-Year Environment Plan (25-YEP).  

River Basin Management Plans (RBMPs) are a requirement of the UK Water 
Framework Directive (WFD) regulations and alongside national and river basin 
district activity, adopt a catchment-based approach, setting out how 
organisations, stakeholders and communities will collaborate to improve the 
environmental quality of fresh and saline water bodies. The RBMPs set out the 
actions that will be taken in England to improve the water environment (quality, 
quantity and habitat) and achieve statutory water body objectives by specified 
timescales. The Environment Agency are continuing the statutory process of 
reviewing and updating the third cycle of the RBMPs originally scheduled for 
publication in 2021, although it is understood the timetable may be revised in light 
of challenges due to the Covid-19 pandemic (e.g. obtaining stakeholder 
participation in the process). 

The need to adapt to changing climatic conditions has been identified as integral 
to the RBMPs, which represent one of the Government’s key mechanisms to 
achieving its goals for water habitats set out in the 25-YEP. To support this, the 
Environment Agency has completed a programme of work to ensure that climate 
change projections of temperature, precipitation and sea level rise are in the 
RBMP revisions process. An early stage of the RBMP review process is to undertake 
a public consultation on significant water management issues (the challenges and 
choices consultation). As part of this stakeholders were encouraged to consider 
the impact of a changing climate on water, including considering environmental 
impacts from 2°c and 4°c warming scenarios through tools such as the 
Environment Agency’s climate change impact tool. Within the RBMPs, catchment 
partnerships have also been given the opportunity to outline the priorities for their 
catchments. To help them do this they have been given high level risk assessments 
to help consider challenges such as climate change. The ambition is next to 
develop the assessments at a more local level so as to build a better 
understanding of local impacts from climate change. 

More detail is needed on how freshwater habitats will support the Government’s 
strategy to build resilience to flood risk in England. 
The Environment Agency’s 2020 Flood and Coastal Erosion Risk Management 
(FCERM) strategy, outlines plans to make greater use of nature-based solutions 
(NbS) that take a catchment led approach to managing the flow of water to 
improve resilience to floods. Natural flood risk management (NFM) measures, such 
as restoring rivers and improving soil structure will build climate resilience through 
enhancing freshwater habitats’ ability to slow the flow of or store flood waters. 

There is currently no clear 
mechanism in place that 
accounts for the 
consequences of changes in 
water temperature for meeting 
the WFD targets. 
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However, it is not clear currently clear which NFM measures are being considered 
to support the strategy. 

Guidance to inform land managers and advisors on actions to mitigate risks from 
higher water temperatures do not make sufficient consideration of impacts under 
different warming scenarios. 
In order to address the risks to freshwater species from higher water temperatures, 
more research is needed to refine further the strategic approach to riparian tree 
planting to provide cooling for species that are sensitive to higher temperatures.27  

At present, however, there is no clear mechanism in place that accounts for the 
consequences of changes in water temperature for meeting the WFD targets. Risks 
from increasing water temperatures, combined with changes to flow, will make 
meeting and maintaining the WFD targets even more challenging. 

NAP2 includes an action to develop guidance and tools to help practitioners 
address risks to freshwater habitats and species from high water temperatures.  The 
rivers and streams section of the 2020 update to the Natural England and RSPB 
Adaptation Manual (see also section 2.2) highlights risks posed by warming 
temperatures to freshwater species; the role of riparian trees in addressing them; 
and the wider role of the restoration of natural function and processes in providing 
resilience. The guidance emphasises the importance of considering 2°C and 4°C 
warming, but does not outline how to assess actions under different warming 
scenarios.  

The document also signposts the Woodland Trust‘s ‘Keeping Rivers Cool: A 
Guidance Manual’ for more detailed information. Tree planting is supported by 
Countryside Stewardship, targeting of which is informed by spatial data layers, 
including the Keeping Rivers Cool layer that Natural England and Forestry 
Commission advisors can access internally, and applicants can access via the 
Forestry Commission's web-browser. Forest Research will also publish a Riparian 
Woodland Practice Guide (see section 2.6) over the coming months to support 
implementation of the UK Forestry Standard.   

Recommendation 

Set out a clear mechanism to account for the consequences of higher water 
temperatures and low flows (including drying up) in water bodies for freshwater habitats 
and species, and for meeting the WFD targets. This is lacking in current plans to revise the 
River Basin Management Plans (RBMPs). 

Department: Environment Agency, Timing: June 2022. 

Has the risk management score changed? 

Yes, the risk management score has decreased from medium to low. 

Data on the percentage of protected freshwater sites in ‘favourable’ or 
unfavourable recovering’ condition suggest a recent decline, while the ecological 
condition of all surface water bodies assessed as part of the WFD continues to 
worsen.  
Protected freshwater sites of special scientific interest (SSSIs) represent only around 
8% of the total area of freshwater habitats in England, but are the only habitats for 
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which condition data is available. * The latest data from Natural England on the 
condition of freshwater SSSIs show a slight decrease in proportion of sites in 
'favourable' condition from 47% in 2018 to 46% in 2021, although they remain higher 
than 2016 (42%) (see figure 2.8). There has also been a decline in freshwater 
habitats classed as ‘unfavourable recovering’, down to 27% in 2021 from 29% in 
2018.   

Figure 2.8 Freshwater SSSIs in England,  
by condition  
 

 

Source: Natural England, https://designatedsites.naturalengland.org.uk/NEInterimReports/ConditionByHabitat.aspx 

 
In England, the Environment Agency has responsibility for monitoring and reporting 
on the status of surface water bodies and the reasons why good ecological status 
has not been achieved. There has been a decrease in the proportion of surface 
water bodies in England awarded high or good ecological status classification 
under the WFD since the indicator was first prepared in 2009 (figure 2.9). In 2018, 
only 16% of surface water bodies assessed under the WFD were in high or good 
status compared with 25% in 2009 and 23% in 2013. Declines have continued in 
recent years, albeit at a slower rate. 

 

 

 

 

 

 
*   8% calculated by comparing area of designated rivers and streams, and standing open waters and canals 

according to Natural England designated sites data, with data on total area of freshwater habitats published in the 
ONS Land Cover Account as at 2007 

There has been a recent 
decrease in the proportion of 
protected freshwater sites in 
‘favourable’ or ‘unfavourable 
recovering’ condition, while 
broader measures of the health 
of all surface water bodies 
indicate persistent long-term 
declines in ecological status. 
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Figure 2.9 Status classifications of surface water 
bodies in England under the Water Framework 
Directive 

 

 

 

Source: Source: Defra biodiversity indicators 2020 update.  
Notes. 1. Based on the numbers of surface water bodies classified under the Water Framework Directive (WFD) in 
England. 2. Surface water status is a composite measure that looks at both the chemical status and the ecological 
(including biological and habitat condition) status of a water body. The classification scheme for surface water 
ecological status includes five categories: high, good, moderate, poor and bad. ‘High status’ means no or very low 
human pressure. ‘Good status’ means a ‘slight’ deviation from this condition, ‘moderate status’ means ‘moderate’ 
deviation, and so on. Around 5,000 water bodies are assessed each year, including rivers, canals, lakes, estuaries 
and coastal waters. 

 
Species abundance (whether impacted by climate change or not) is used as a 
proxy indicator for the vulnerability of biodiversity as a whole, as they give a sense 
of how ‘under pressure’ different systems already are.* Wetlands, including rivers, 
lakes, ponds, reedbeds, grazing marshes and lowland raised bogs provide 
important habitats for breeding wetland birds. The water and wetland bird index 
has remained relatively stable for most of the period since data collection started 
in 1975. In 2018 the index was 9% lower than in 1975 (Figure 2.10). Numbers rose 
slightly in the early 2000s with the smoothed index showing a non-significant 2% 
increase between 2012 and 2017.  

  

 
*   This is based on the idea in the review that ecosystems will withstand the risks from climate change more effectively 

if other pressures on them are reduced. 

In 2018, only 16% of surface 
water bodies assessed under 
the WFD were in high or good 
status compared with 25% in 
2009. 
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Figure 2.10 Breeding wetland birds in England  
 

 

Source: Defra biodiversity indicators 2020 update.  
Notes: 1. The line graph shows the unsmoothed trend (dashed line) and the smoothed trend (solid line) together 
with its 95% confidence interval (shaded). 2. The figure in brackets shows the number of species in the index. 3. The 
bar chart shows the percentage of species within the indicator that have increased, decreased or shown little 
change, based on set thresholds of annual change. 

 
Higher water temperatures will increase the degradation of freshwater habitats, 
and compromise the viability of some freshwater species.28 A recent assessment of 
climate-driven thresholds in UK freshwater habitats29 looked at potential risks from 
temperature driven incidents of harmful algal blooms (HAB) in lakes. Such blooms 
can have wide ranging economic impacts, including on property values, water 
treatment costs, tourism and fisheries revenue. The study found present impact 
costs per annum from HAB in England under a 4°C warming scenario were 
predicted to increase by around 70% by the 2050s and almost triple by the 2080s. 

Water temperatures across England have been consistently above their long-term 
average in recent decades. 
Average annual water temperatures across England have been consistently 
above their long-term mean over the 2000-2019 period; 16 out of last 20 years for 
southern England, and 13 out of last 20 years for northern England (figure 2.11a 
and figure 2.11b). 
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Figure 2.11a Southern England water temperature 
index - annual variance from long-term mean 
 

Source: Wilby, R.L. and Johnson, M.F. (2021). National water temperature indicators for England. In preparation. 

Figure 2.11b Northern England water temperature 
index - annual variance from long-term mean 
 

Source: Wilby, R.L. and Johnson, M.F. (2021). National water temperature indicators for England. In preparation. 

Water temperatures across 
England have been 
consistently above their long-
term average in recent 
decades. 
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2.5 Coastal and marine habitats and species 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - medium 

• The adoption of a further seven regional marine plans by summer 2021, taking the
total to 11, will cover the whole of the marine environment in England. This meets
the Government’s 25-YEP commitment to complete the full series of England Marine
Plans by 2021.

• The plans use UKCP18 projections to evaluate the potential longer-term risks and
opportunities from climate change. However, only public authorities are duty
bound under law to apply the plan policies to their decisions, meaning there is
significant gap in the protections they are designed to provide to marine habitats.

• The English component of the UK's contribution to a network of protected areas in
the north east Atlantic is now complete, following the addition of 41 marine
conservation zones in the third phase of designations, and taking the total to 91.

• The non-statutory status of Shoreline Management Plans limits their effectiveness as
a long-term strategy.

Risk management score – medium 

• Condition indicators for protected marine and coastal habitat areas in England
suggest a stable to improving situation, however, for the former these cover only
around 40% of the total marine area. New research suggests climate change is
already affecting UK coasts and seas.

5 

This adaptation priority covers all coastal and marine habitats and the species they 
contain around England.  

The analysis of changes in risk vulnerability focuses on coastal and marine sites 
identified as being of nature conservation importance, as these are areas for 
which data is most available. For coastal habitats, this comprises sites which are 
designated under the Wildlife & Countryside Act 1981 as supporting habitats 
and/or species of national importance.* A relatively high proportion of coastal 
priority habitats in England (between ca. 80% to 95% dependent on habitat type) 
fall within protected areas.30  

For marine habitats, we assess sites classified as being Marine Protected Areas 
(MPAs), which cover around 40% (92,633 km2) of English inshore and offshore 
waters combined.† The total extent of MPAs is the combined area of: Nationally 
designated sites; National Nature Reserves (NNR), and Marine Conservation Zones 
(MCZ)); Internationally designated sites (Special Protection Areas (SPA) and Special 
Areas of Conservation (SAC)) under the European Union’s Birds and Habitats 

*  Also referred to as Sites of Specific Scientific Importance (SSSIs) 
†   English inshore waters contain 157 MPAs covering 51% of this region (26,126 km2). English offshore waters contain 40 

MPAs covering 37% of this region (66,507 km2): https://jncc.gov.uk/our-work/uk-marine-protected-area-network-
statistics/  

Progress summary – Coastal and marine habitats and species 

Notes: See annex for full datasets 
Key Indicators: MCCIP report cards, Coastal SSSIs in England, by condition - Extent of marine protected areas, Breeding seabirds in England, Combined 
input of hazardous substances to the UK marine environment. 
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Directives respectively; and Ramsar sites under the Convention on Wetlands of 
International Importance.   

Summary of 2019 report score 

In our 2019 report, Coastal and marine habitats and species scored a 5 (medium 
plan score, medium risk score). 
The assessment highlighted that plans are in place to conserve and improve marine 
and coastal habitats, which include requirements to consider how marine planning 
can take climate change into account. However, none included specific 
proposals to adapt to the key climate risks facing the marine environment. On 
progress in managing risk, available indicators suggested some improvement, 
although it was noted that more research was needed to assess the extent to which 
adaptive actions could increase the resilience of marine habitats and species to 
impacts from changes in acidity, dissolved oxygen content, temperature and 
ocean stratification. 

Has the plan score changed? 

No – score remains the same. 

Marine Plans for the whole of the English area use UKCP18 projections to evaluate the 
longer-term risks and opportunities from climate change to marine habitats and 
species. Marine Protected Areas (MPAs) including Marine Conservation Zones 
(MCZs) are one of many factors considered within marine plans.  
The UK Marine Strategy (UKMS) provides a three-part regulatory framework for 
delivering marine policy at the UK level and sets out how the Government will 
achieve the vision of clean, healthy, safe, productive and biodiverse seas. The 
strategy includes overall ambitions for the marine environment, the targets to be 
achieved and the method to achieve those targets. Defra is currently investigating 
the possibility of incorporating climate considerations in UKMS assessments 
going forward.31 

The imminent adoption of an additional seven marine plans will meet the 
Government’s 25-Year Environment Plan (25-YEP) commitment to complete the full 
series of England Marine Plans by 2021. 
Marine plans are developed by the Marine Management Organisation (MMO) and 
are agreed and adopted by Government under requirements laid out in the Marine 
and Coastal Act 2009. The plans set out statutory government policy to inform 
decision-making in the marine area. The environmental objectives and specific 
policies within the marine plans are informed by the high-level objectives, targets 
and indicators within the Marine Strategy. There are 11 Marine plans for the whole 
of the English marine environment in different stages of development. 

Four Marine Plans have been officially adopted in England (see Table 2.2). Draft 
proposals for the remaining seven contain a number of policies to build the 
resilience of marine habitats to climate change. These include requiring plans to: 
demonstrate resilience to the impacts of climate change; ensure resilience to the 
impacts of climate change on the marine protected area network; protect 
adaptation measures already in place; protect habitats that provide carbon 
sequestration ecosystem services; not have significant adverse impacts on coastal 
change. 

Climate Change Committee 

The adoption of a further seven 
regional marine plans by 
summer 2021, taking the total 
to 11, meets the Government’s 
25 Year Environment Plan 
commitment to complete the 
full series of England Marine 
Plans by 2021. 
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Plan Status Review 

Marine Plan for East inshore and East 
offshore areas inshore and East 
offshore areas 

Adopted 2014 Decision taken by government in 
2020 to update. Update scoping 
begins in 2021. 

Marine Plan for South inshore and 
South offshore areas 

Adopted 2018 First 3-year review to be completed in 
2021, includes a recommendation to 
government on whether to amend or 
replace. 

Draft Marine Plan for the North East 
inshore and North East offshore areas 

Draft Marine Plan for the North West 
inshore and North West offshore areas 

Draft Marine Plan for the South West 
inshore and South West offshore areas 

Published for consultation 2020 – 
plans are a material consideration in 
decision making at this stage. Final 
adoption expected Spring 2021 - this 
will complete the first round of marine 
plans for all English seas. 

1st review will be complete 3 years 
after adoption, including a 
recommendation on whether to 
amend or replace. 

The Marine and Coastal Access Act (2009) sets out requirements for Marine Plans 
to take into account risks from climate change. 
While marine plans do not outline actions, and are not therefore SMART (see 
Chapter 1), the policies they contain are targeted as they relate to specific 
environmental concerns, and set out clear policy outcomes. The MMO considers a 
range of climate change scenarios, including UKCP18, when developing options to 
address the issues identified as relevant for marine planning. Under provisions set 
out in the Marine and Coastal Access (MCA) Act 2009, there is a statutory three-
yearly review and reporting cycle, while the twenty-year lifetime of each plan 
makes them timebound.  

The statutory requirements of marine plan policies apply to decisions taken by 
public authorities only, meaning plans have a limited reach for managing activities 
of private organisations or other sea users that are not subject to public authority 
regulation.   
Section 58(1) of the MCA Act states that public authorities must take authorisation 
or enforcement decisions in accordance with the relevant marine plan policies. 
Furthermore, public authorities must have regard to relevant marine plan policies 
when exercising functions capable of affecting the marine area (Section 58(3)). 
However, only public authorities are duty bound under law to apply the policies. 
The plans only influence private organisations and other sea users if their activities 
require a public authority consent or authorisation, or if their activity is regulated 
and managed through other public authority functions, for example byelaw 
making powers, at which time marine plan policies will be taken into account by 
the relevant public authority. Furthermore, even at current levels, there is not 
enough evidence that sufficient financial and other resources are allocated for 
enforcement. 

Table 2.2 
Status of English Marine Plans in England 

Source: MMO 
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Recommendation 

The statutory requirements of marine plan policies must be extended to the decisions of 
public and private organisations. At present only public authorities are duty bound under 
law to apply the plan policies to their decisions meaning there is significant gap in the 
protections they are designed to provide. 

Department: Environment Agency, Timing: June 2022. 

 
The Fisheries Act 2020 and forthcoming Environment Bill should both create added 
protections for coastal and marine habitats and species. 
The Fisheries Act extends the powers of national authorities with regard to marine 
conservation in the UK. Under the Act, the Government will implement an 
ecosystem-based approach to fisheries management to make sure that negative 
impacts of fishing activities on the marine ecosystem are minimised, and to avoid 
degradation of the marine environment. Climate change is one of the eight 
objectives under the Act (see section 2.8 for further details). 

Through the Environment Bill, the Government is setting the ambitious target of 
having all Marine Protected Areas (MPAs) in England in favourable condition by 
2043. A legally binding target for MPAs will complement and bolster on-going work 
and existing legal obligation under the MCA Act and Conservation of Habitats and 
Species Regulations 2017 to meet established conservation objectives, by 
providing focus for the ambitions with clear aims and deadlines.32 

The English component of the UK's contribution to a network of marine protected 
areas (MPAs) in the north east Atlantic is now complete. 
MPAs are designated by government under the Marine and Coastal Access Act 
2009 to conserve the diversity of nationally rare, threatened and representative 
habitats and species. The second national Adaptation Programme (NAP2) 
includes an action to ‘establish MCZs to contribute to an ecologically coherent 
network of Marine Protected Areas around England’. A third tranche of 41 sites 
was designated in May 2019 taking the total to 91.  

Marine plan authorities are required to take account of the regime for MPAs and 
comply with obligations imposed in respect of them. This includes the obligation to 
ensure that the exercise of certain functions contribute to, or at least do not hinder, 
the achievement of the objectives of MCZs. 

Government has completed analysis on controlling invasive non-native species 
(INNS) in the marine environment.  
In May 2019, the Government published a pathway analysis (as required then by 
EU Regulations) which identified three priority pathways for controlling INNS in the 
marine environment: (i) hull fouling, (ii) ballast water and (iii) contaminants of 
aquaculture animals. Further measures to provide increased prevention have 
been identified including: (i) ensuring vessels arriving or leaving UK waters have 
stringent hull cleaning and (ii) all ships to have a ballast water management plan. 

The Committee’s view is that the policy decisions within Shoreline Management 
Plans must be made statutory to ensure they are implemented.  
Shoreline Management Plans (SMPs) provide a framework to plan for coastal 
adaptation, investment and spatial planning over a 100-year time horizon (see also 
section 3.3). The Flood and Coastal Erosion Risk Management (FCERM) strategy 
notes the Environment Agency is working with coastal groups to refresh the SMPs in 
England to ensure they consider a range of future climate scenarios and are 
informed by the best available evidence, including the latest climate change 
projections. At present, it is not clear how this will be factored into revised plan 

The non-statutory status of 
Shoreline Management Plans 
limits their effectiveness as a 
long-term strategy. 
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outcomes (including for both climate change responses and protecting habitats 
and species). The non-statutory status of SMPs severely undermines their 
effectiveness as the main vehicle that coastal authorities have to outline and 
implement their long-term strategy to prepare for the impact of climate change 
on coastal habitats and species. 

Has the risk management score changed? 

No. The ‘medium’ score remains unchanged from 2019.  

The proportion of protected coastal habitats in ‘favourable’ or ‘unfavourable 
recovering’ condition remains relatively high, while the extent of marine protected 
sites continues to increase.  
The indicators we have available to measure progress in adaptation of the coastal 
and marine environment include the condition of coastal sites of special scientific 
interest (SSSIs), and the area (but not condition) of marine protected sites. 
Indicators showing inputs of hazardous materials into the marine environment are 
also used as a proxy indicator of wider pressures that would reduce resilience to 
climate change overall. Unlike for terrestrial and freshwater habitats, the underlying 
hazard metrics that will affect marine biodiversity are also more straightforward to 
identify and so we include changes in these; sea surface temperature, and pH 
levels.  

Coastal sea surface temperatures have consistently been above their long-term 
average in recent decades. 
Changes in temperature of the seas around England can significantly influence 
the functioning of marine ecosystems. Long-term records show a warming trend in 
UK waters, despite short-term natural variability. On average, coastal sea surface 
temperatures have been 0.6°C warmer in the most recent decade compared to 
the 1961–1990 average (figure 2.12). Furthermore, eight of the 10 warmest years for 
UK sea surface temperature have occurred since 2002.  

Figure 2.12 Average annual sea surface 
temperatures for UK coastal waters, expressed as 
anomalies relative to the 1981 to 2010 average 

 

 

 

Source: State of nature report, 2019 
Notes: The blue bars show the annual anomalies relative to the 1981–2010 average, shown as the grey horizontal 
line, and the blue line shows the 10-year running mean. 

 

On average, coastal sea 
surface temperatures have 
been 0.6°C warmer in the most 
recent decade compared to 
the 1961–1990 average. 
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Adaptation plans outlined in NAP2 include the publication of climate impact 
evidence report cards by the Marine Climate Change Impacts Partnership. 
The UK Marine Climate Change Impacts Partnership (MCCIP) is a partnership 
between scientists, government, governmental agencies, non-governmental 
organisations (NGOs) and industry. Its 2020 report card covered 26 marine and 
coastal topics, supported by detailed peer reviewed topic reports which showed 
that: 

• There is clear evidence that warming seas, reduced oxygen, ocean 
acidification and sea-level rise are already affecting UK coasts and seas. 
Increasingly, these changes are having an impact on food webs, with 
effects seen in seabed-dwelling species, as well as plankton, fish, birds and 
mammals. 

• The upper range for the latest UK sea-level rise projections is higher than 
previous estimates, implying increased coastal-flood risk. The likelihood of 
compound effects from tidal flooding and extreme rainfall is increasing, 
which can greatly exacerbate flood impacts.     

• Oxygen concentrations in UK seas are projected to decline more than the 
global average, especially in the North Sea. 

• Impacts of climate change have already been observed at a range of 
heritage sites. Coastal assets will be subjected to enhanced rates of 
erosion, inundation and weathering or decay. 

The MCCIP have a new 5-year programme (2020-2025) currently underway. From 
2021 onwards, the report cards will be replaced by rolling updates of marine 
climate evidence. 

There has been a decline in the overall condition of protected coastal sites. 
The proportion of coastal sites of special scientific interest (SSSIs) classed as in 
‘favourable’ or ‘unfavourable recovering’ condition, declined from 96% in 2016 to 
92% 2021(see figure 2.13), but remains relatively high compared to terrestrial and 
freshwater habitats (see section 2.2 and section 2.4). 

  

New research suggests climate 
change is already affecting UK 
coasts and seas. 
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Figure 2.13 Coastal SSSIs in England,  
by condition  
 

 
Source: Natural England, https://designatedsites.naturalengland.org.uk/NEInterimReports/ConditionByHabitat.aspx 

 
The area of marine protected sites around England have more than doubled since 
2015. 
A well-designed and effectively managed network of marine protected areas 
(MPAs) is not just important for wildlife: it supports key sectors like tourism and 
recreation, safeguards habitats that store carbon, and enables fish stocks to 
replenish.33 Increasing the area of MPAs is deemed to enhance the ability of 
marine habitats to manage vulnerability by reducing pressures through improving 
its condition. However, as noted above, without comprehensive powers to legally 
enforce marine plan policies, there is significant gap in the protections MPAs are 
designed to provide. 

In the five years to 2020, the area of marine protected sites around the coast in 
England has more than doubled to 2.4 million hectares (Figure 2.14). A large 
contributor to this has been the designation of inshore marine sites under the 
European Birds and Habitats Directives.  

As noted above, MCZ have also contributed substantially to the increase in the 
area of inshore marine sites around England, with the third phase of designations in 
May 2019 resulting in an increase of over 726,000 hectares.  
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In the five years to 2020, the 
area of marine protected sites 
around the coast in England 
has more than doubled to 2.4 
million hectares. 
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Figure 2.14 Extent of national and European 
protected sites at sea in England, by designation 

 
 

 

Source: England biodiversity indicators 2020 
Notes: 1. The extent of protected sites is the cumulative area assessed in March of each year shown. 2. Marine sites 
between mean low water and the 12 nautical mile limit are included; sites beyond 12 nautical miles, in UK waters, 
are excluded. These are included in the UK indicator on protected sites. 

 
It should be noted that no data is currently available on the condition of non-
protected sites. 

There have been some improvements in the abundance of breeding seabirds in 
England (although this trend is not seen when looking UK-wide). 
As top predators, seabirds are key indicators as to the magnitude of climate-
induced changes in the marine realm; specialist seabirds in particular are known to 
also be very vulnerable to its impacts.34 Generally, seabirds have highly specialised 
diets, being reliant on just a few prey species, the abundance and distribution of 
which can alter dramatically in response to abrupt environmental changes.  

England’s coastline and offshore islands provide nesting sites for around seven 
million seabirds. Although fluctuating, the relative abundance of a suite of 
breeding seabird species has increased steadily since the late 1990s (Figure 2.15), 
recorded at the highest level in 2018, 19% higher than in 1986. Also, since 1986, a 
greater percentage of species show short term rather than the longer-term 
increase in abundance.  However, this pattern is not reflective of the broader trend 
for breeding seabirds at the UK level, which has shown a 22% decline over the 1986 
to 2015 period.35 The difference could be due to the higher proportion of breeding 
seabirds being located outside of English marine waters. 
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Figure 2.15 Abundance of breeding seabirds in 
England 
 

 

 

 

Source: Defra biodiversity indicators 2020 update. 

 

Regulations on the emission of hazardous substances into the marine environment 
must not be relaxed if recent gains are to be retained. 
Reducing human stressors, such as pollution, on the marine environment helps 
strengthen its resilience to other pressures, including climate change and supports 
continued provision of ecosystem services. Trend data from the combined input of 
six of the most hazardous substances to the UK marine environment indicate a 
long-term decrease (-79% since 1990) (Figure 2.16). The introduction in 2018 of a 
new set of rules (as outlined in NAP2) for farmers and land managers to prevent 
pollutant emissions, protect water quality and improve soil health,36 should 
continue to support the downward trend in emissions to the marine environment*. 
However, it is essential that such regulatory protections around the emission of 
hazardous substances into marine (and broader) environment be maintained and 
strengthened if the gains achieved over recent decades are to be retained. 

  

 
*   The rules set out what farmers must do or, consider to, manage risks posed by manures, manufactured fertilisers and 

soils through runoff, erosion and leaching. 

It is essential that regulatory 
protections around the 
emission of hazardous 
substances into marine 
environment be maintained 
and strengthened. 
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Figure 2.16 Input of hazardous substances to the 
marine environment 

 
 

 

Source: Defra biodiversity indicators 2020 update.  
Notes: This indicator provides the combined input of six of the most hazardous substances to the UK marine 
environment: five heavy metals (cadmium, mercury, copper, lead and zinc) and one organic compound (lindane). 
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2.6 Commercial forestry 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - medium 

• Several medium quality adaptation plans are in place, although none directly
consider climate impacts under different warming scenarios, supported by a set of
actions. A guide to help forest managers and owners meet the adaptation
requirements of the UK Forestry Standard will be published later in 2021.

• The Forest Industry still lacks a measurable goal for managing and reducing the
impact of pest and diseases on trees in England.

Risk management score – medium 

• There is mixed progress with the percentage of woodland under active forest
management still below the target, while the number of high priority forest pests in
UK Plant Health Risk Register is up 72% since 2015. However, the diversity of trees
planted across the forests in England continues to increase.

5 

Summary of 2019 report score 

In our 2019 report, Commercial forestry scored a 5 (medium plan score, medium 
risk score).  
Our 2019 report found that climate change adaptation plans, which contain clear 
actions and outcomes, exist for the forestry sector, however, these lack clear 
targets and are near-term in risk outlook. Progress towards managing risk was 
mixed, with the Forestry Commission’s target for increasing the area of forest under 
active management missed, although the diversity of tree planting continued to 
increase. 

Has the plan score changed? 

No. The score is unchanged from 2019. 

Adaptation plans are in place but these do not directly consider climate impacts 
under different warming scenarios, supported by a set of actions.  
The Forestry Commission has produced adaptation guidance for woodland 
management (‘Managing England’s woodlands in a Climate Emergency’), 
providing practical advice to landowners to manage climate change impacts on 
woodland. This document presents a summary of key climate change impacts 
covering different combinations of climatic drivers, and possible adaptation 
strategies for England's woodlands and forests including diversification of species, 
genetics, and stand structure.  

While some consideration is given to possible impacts under future climate change 
in the guidance, these are more generic and not directly based on a range of 
warming scenarios. 

Progress summary – Commercial forestry 

Notes: See annex for full datasets 
Key Indicators: Percentage of woodland in England under active management, Percentage of conifer and broadleaf species planted on the Nation’s 
Forests, Total number of wildfire incidents in woodlands in England, Number of high priority forest pests in the UK Plant Health Risk Register. 
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A UK Forestry Standard (UKFS) Practice Guide on adaptation is expected to be 
published during 2021.  
The guide aims to help forest managers and owners meet the adaptation 
requirements of the UKFS. The guide has been drafted and is undergoing 
Government review at time of writing. However, there is still limited information on 
how much of this adaptation guidance is actually being implemented, especially 
in the private forestry sector. 

There are online tools available to support practitioners select suitable tree species 
under climate change. 
The Climate Matching Tool provided by Forest Research shows regions in Europe 
with a similar current climate to the climate projection for any UK location. It is 
designed to help practitioners to consider the selection of better suited tree 
species from environments that England may experience in the future. 
Underpinning the tool is UKCP18 climate data at 12km resolution using the RCP8.5 
pathway in future projections. The climate matching tool should be seen as 
complementary to the Forest Commission’s Ecological Site Classification tree 
selection tool, which shows how trees will perform in a future climate but does not 
take into account adaptation. 

The Forestry sector has developed a set of outcome-based actions, linked to 
specific climate threats, however, current plans lack timebound targets and do not 
take sufficient consideration of future climate impacts under different warming 
scenarios.  
The Government’s Tree Health Resilience (THR) Strategy aims to improve the 
capacity of woodlands to adapt under climate change through minimising the 
impact of pests and diseases, as well as building resilience through selection of 
species and provenance. However, at present the 25-YEP and NAP2 do not 
include a measurable goal for managing and reducing the impact of existing 
plant and animal diseases including for forestry, and a clear deadline for achieving 
them. 

The Forestry Climate Change Working Group (FCCWG), a cross-sector initiative, 
has developed a well-planned set of outcome-based actions to enhance the 
protection against pests and diseases over the next 5 years (published in 2018 as 
the Action Plan for Climate Change Adaptation of forests, woods and trees in 
England). The plan is integrated into the activities associated with the THR strategy. 
While the Plan contains a range of outcomes (24 in total) aligned, in varying 
degrees, to each of the priority actions, the outcomes do not include specific 
targets and timeframes over which to meet them. The FCCWG published its 
progress report in late 2019, which highlighted that despite progress in research 
and ongoing policy discussions, insufficient progress has been made in 
implementing adaptive actions.37  

Defra has published an England Tree Action Plan. 
Under the Plan, the Government has committed to supporting the FCCWG in 
implementing its adaptation plan. It will also launch a climate change competition 
to highlight best forestry practice, and the need to adapt new and existing 
woodlands to the effects of climate change (see also section 2.2). The Plan 
indicates the Government will develop a Woodland Resilience Implementation 
Plan to improve the ecological condition of woodlands in England and increase 
their resilience to climate change, including pests and diseases. It is understood 
there will also be requirements associated with choosing resilient species under the 
English Woodland Creation Grant. 

 

At present there is no 
measurable goal for managing 
and reducing the impact of 
pest and diseases for forestry, 
and a clear deadline for 
achieving them. 

The England Tree Action Plan 
indicates the Government will 
develop a Woodland 
Resilience Implementation Plan 
to improve the ecological 
condition of woodlands in 
England. 
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Has the risk management score changed? 

No. The risk management score remains medium.  

The proportion of woodland under active management has remained largely 
unchanged since 2015.  
Active woodland management for climate change adaptation involves 
anticipating future changes in temperature, rainfall, wildfire, and other extreme 
events to reduce risk exposure to both forestry and other ecosystem services and 
to thereby increase forest resilience. Immediate adaption of forests and woodland 
to the changing climate is critical if society is to continue to benefit from the range 
of services they provide to wildlife, people and continue to produce timber for 
future generations. Active management, therefore, is an essential pre-requisite to 
proactively adapting commercial and other forests to climate change.  

The percentage of woodland under active management has increase from 52% in 
2011 to 59% in 2020, although there has only been a 1% increase since 2015 (Figure 
2.17). The Government announced new funding to bring woodlands into 
management and increase sector capacity in the March 2020 budget as part of 
the Nature for Climate Fund (see Section 2.2). 

Figure 2.17 Percentage of woodland in England 
under active management, by area size 
(hectares) 

 
 

 
Source: Forestry England. 
Notes: As of 2020, 59 out of every 100 hectares of English woodland are actively managed, totalling 764,000 
hectares of woodland in management. 

 
There has been a consistent increase in the diversity of conifer and broadleaved 
species being planted each year. 
The number of different broadleaf species planted continues to rise; 23 major 
broadleaf species were planted in England’s forests in 2019-20, up from 22 in 2017-
18, and up from 17 in 2010-11 (see figure 2.18).  

Increasing the diversity of tree species in new planting schemes is an important 
adaptation strategy designed to reduce threats from pests and diseases, and to 
help manage uncertainties around the suitability of particular species to future 
climate conditions. 

The percentage of woodland 
under active management has 
increase from 52% in 2011 to 
59% in 2020, although it has 
remained largely unchanged 
since 2015. 

2424  



95 Climate Change Committee 

Figure 2.18 Percentage of broadleaf species 
planted in England’s forests  
 

 

Source: Forestry England. 
Notes: Other species for 2017-18 include grey alder 1.3%, wild service tree 0.5%, eucalyptus 0.5%. 

 
The trend has also been positive for the diversity of conifer species. In 2019-20, 17 
different major species of conifer tree were planted by Forestry England in the 
Nation's forests, up from 14 in 2017-18, and up from 8 in 2010-11 (Figure 2.19). 
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There has been a consistent 
increase in the diversity of 
conifer and broadleaved 
species being planted each 
year. 
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Figure 2.19 Percentage of conifer species  
planted in England’s Forests  
 

 

Source: Forestry England. 

 
Data on the number of high priority forest pests indicates a rise over the short-term.  
Pests, pathogens and invasive non-native species present serious risks to forest 
productivity, with consequences for livelihoods and businesses, as well as for the 
multiple ecosystem services that forests provide. The relationship of this risk with 
climate change is complex. Each problem species or micro-organism has its own 
specific climatic and ecological sensitivities that can favour their increased 
incidence. This includes parameters related to maximum and minimum 
temperature, moisture (both precipitation and specific/relative humidity can have 
an influence), and potentially wind (notably direction); these typically act in 
combination and are also related to duration or frequency of outbreaks.38 

Despite evidence of actions to build resilience of England’s forests to pests and 
diseases, the number of high priority forest pests in the UK Plant Health Risk Register 
(UKPHRR) has increased sharply in recent years, rising from 12 in 2016 to 19 in 2020. 
Although the data presented in figure 2.20 are for the UK, the UKPHRR report that 
nearly all listed forest pests present in the UK will also be present in England. 
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Figure 2.20 Number of high priority forest pests in 
the UK Plant Health Risk Register (UKPHRR)  
 

 

Source: Forestry England. 
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2.7 Agricultural productivity 

2019 score:  What has changed since 2019: 2021 score: 

1 Plan score - low 

• Defra still lacks a strategy to ensure the agricultural sector remains productive as the
climate changes. ELM plans to date are still limited largely to flood risk
management, and do not consider the broader range of climate impacts (e.g.
drought, pests and diseases) on agricultural productivity.

• There is some evidence of sector-led activity, although plans to date are narrow in
scope (e.g. focusing only on drought and flood risks) and do not account for the
effects of climate change under a range of future warming scenarios.

Risk management score – low 

• Although there have been declines in water abstraction by farmers, it is not clear if
this represents any reduction in vulnerability to water scarcity.  Additionally, while
there is evidence of actions taking place to build the resilience of the sector, there
are few appropriate indicators (e.g. soil health, agricultural R&D) to support
effective assessment.

1 

The agricultural productivity adaptation priority considers how climate change 
could affect the ability of the land to support domestic food production in the 
future as the climate changes. This priority considers the degree of innovation and 
flexibility in agriculture, the resilience of crops and livestock to climate change 
impacts including pests and diseases, and the resilience of the underpinning 
natural assets as they are needed to support agriculture – soil and water. If climate 
change degrades land capability overall, agricultural production will not be able 
to take advantage of any potential benefits from longer growing seasons. 

Summary of 2019 report score 

In our last report, agricultural productivity scored a 1 (low plan score, low risk 
management score).  
Analysis presented in the last report indicated there was a concerning absence of 
robust plans that considered the range of risks to and opportunities for the 
agricultural sector in England from climate change. Furthermore, a lack of 
effective indicators to monitor changes in the capability of agriculture in relation to 
climate change, meant that it was difficult to assess how the sector is managing 
current and future risk. As noted in the CCC’s Sixth Carbon Budget report39, 
measures involving technological and land use changes in agriculture (e.g. 
improvements in crop productivity) will play an increasingly important role in 
achieving Net Zero. Building the resilience of the sector to climate change will be 
vital for the successful delivery of such measures.  

Has the plan score changed? 

No – the score remains unchanged from 2019.  

Progress summary – Agricultural productivity 

Notes: See annex for full datasets 
Key Indicators: Wine Production - Area planted (ha) per year in England. 
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The agriculture sector still lacks a coherent strategy to ensure it remains productive 
under changing climatic conditions.  
A long-term strategy is required to prepare the agricultural sector in England for the 
range of risks to and opportunities from climate change, particularly with regard to 
water and soil management, and improving the technological capability of the 
sector to respond to threats such as changing pest and disease risks.  

As set out above, the Government’s proposed Environmental Land Management 
(ELM) scheme includes climate change adaptation in the defined list of public 
goods but content on threats to agricultural productivity is limited largely to 
building resilience with regard to flood risk management. There is no detail (as yet) 
on what will be required in terms of adaptation to the full range of risks to 
agriculture identified within the second UK Climate Change Risk Assessment 
(CCRA2-2017), including higher temperatures, drought, and increases in the 
spread of pests and diseases.   

There are partial plans in place for protecting against the ongoing loss of lowland 
peat soils, although most plans are still in development.  
Lowland peat soils form part of the most productive agricultural land in England, 
but they are at high risk of loss as the climate changes.40 Defra has created a new 
Lowland Agricultural Peat Taskforce with a remit to reduce the loss of lowland peat 
soils in England. The taskforce will help deliver the policy objectives outlined in the 
England Peat Action Plan (see section 2.2). Defra also concluded an internal 
evidence review of management practices with the potential to reduce soil loss 
and greenhouse gas emissions from lowland agricultural peatlands in England. The 
evidence will be presented as an input to the Task Force which is currently 
scheduled to report in July 2022. 

Sector led plans indicate an increasing recognition of the need to adapt farming 
practices to the challenges of climate change, but gaps remain. 
Agriculture shows generally low levels of proactive planned adaptation, with most 
actions driven mainly by reactive and short-term adjustments rather than long-term 
decisions.41 

A 2021 report by the National Farmers Union (NFU) lays out a blueprint for an 
Integrated Water Management strategy. The document aims to promote the 
implementation of contingency planning on farms to tackle the dual risks of 
flooding and water supply disruption.  

Case study examples are presented in the report of on-farm planning for impacts 
of drought and flood on specific agri-product lines, and the policies needed to 
build resilience of agri-water infrastructure to climate change are outlined. The 
report also profiles a range of actions farmers and growers can take, and in many 
cases are already taking, to build the resilience of their businesses to the impacts 
related to flood and drought risk. These include: increasing water storage capacity 
and the use of water-saving techniques; adopting improved soil cultivation 
techniques to lock moisture into soils; implementing on-farm flood and drought risk 
management and contingency planning; and Incorporating best practice in crop 
management. 

While the report includes information on impacts to agricultural productivity from 
flood and drought risks, it does not consider the potential impacts and associated 
actions under 2°C and 4°C global warming scenarios. It is understood similar plans 
for the broader range of climate impacts (e.g. higher temperatures) are in the 
early stages of development by the NFU. 

Defra still lacks a strategy to 
ensure the agricultural sector 
remains productive as the 
climate changes. 

There is some evidence of long-
term adaptation planning by 
the Agriculture sector, although 
plans to date focus on drought 
and flood risks, and do not as 
yet account for the effects of 
climate change under a range 
of future warming scenarios.   
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There is still no comprehensive plan to address the potential risks facing the 
agriculture sector from pests, pathogens and invasive non-native species. 
NAP2 includes actions to manage existing plant and animal diseases and lower 
the risk of new ones (see also section 2.2 Terrestrial habitats and species). As noted 
in CCRA342, climate driven increases in the spread of pests, pathogens and 
invasive non-native species (INNS) present serious risks to agricultural productivity. 
Large-scale outbreaks or invasions may have serious ramifications for food security. 
Adaptation actions can include research into building the resilience of crops 
grown through diversifying their genetic composition, and measures to improve 
control for pests and diseases. However, the agricultural sector in England currently 
lacks a strategic-level plan, which includes coordinated surveillance and 
monitoring, and improved risk assessments with space and time dimensions to 
evaluate changing dynamics of individual pests, pathogens and INNS. 

The Government has provided some funding to support long-term research into 
the genetic improvement of arable crops and fresh produce via the development 
of Genetic Improvement Networks (GINS). Defra allocated £5.5 million in 2018 over 
a five-year period. The research includes work to identify crop varieties which have 
better levels of resistance to pest and disease. The GINs are required to report on 
research annually, to 2023. 

Initiatives to develop research and improve agriculture efficiency should help 
boost the industry’s resilience to climate change and reduce emissions. 
Recent research initiatives relevant to improving resilience include: 

• The Countryside Productivity Small Grant (CPSG) scheme provides funding 
for farmers to purchase equipment to improve the productivity of their 
farm. Eligible activities under the scheme include more efficient use of 
water for irrigation, and to secure water supplies for crop irrigation by the 
construction of on-farm reservoirs. The Government is providing a further 
£21m in 2021 bringing the total investment to £60m. 

• A Farming Investment Fund to support innovation and productivity is being 
established where grants will be available for farmers to invest in 
equipment, technology and infrastructure with an aim to build the 
efficiency of farm businesses, including on-farm water storage. The fund 
was announced by Defra as part of a package of measures to support the 
transition from the Basic Payment Scheme towards the new ELM scheme. It 
is understood the fund is scheduled to launch in autumn 2021.  

Has the risk management score changed? 

No – the risk management score remains low.  

Indicators to measure how the capability of the agricultural sector is changing in 
relation to climate change remain very limited (e.g. lack soil health metrics). It is, 
therefore, not possible to conduct a robust assessment of changes in the 
vulnerability of agricultural production to climate change. 

There is presently limited information on the establishment and spread of new 
crops.  
Crops that are likely to become more viable commercially in the UK as the climate 
changes include peaches, apricots, tea, sunflowers, sweet potatoes, watermelons, 
walnuts, and truffles.43 

The Agriculture sector does not 
have a comprehensive plan to 
address the potential risks 
facing the agriculture sector 
from pests, pathogens and 
invasive non-native species. 
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While there is some evidence of actions taking place to build the resilience of the 
Agriculture sector, there are few appropriate indicators currently available (e.g. 
soil health, agricultural R&D in adaptation) to support effective assessment. 

Commercial wine production is becoming viable over larger areas in England. The 
total commercial area under vine in England and Wales has more than doubled in 
the last decade from 1,384 hectares in 2011, to an estimated 3,380 hectares in 
2020 (Figure 2.21). These values are for commercial vineyards only and do not 
include 'hobby vineyards' and 'abandoned vineyards*. 

Figure 2.21 Wine Production - Area planted (ha) 
per year in England 
 

 
 

 
 Source: ADAS for the CCC (2021) Research to update indicators of climate-related risks and actions in England. 

 
There is no indication in the datasets as to whether this increase in area is being 
driven by improving climatic conditions for the vines, or whether there are other 
economic reasons for the increase in area. However, it is anticipated that the 
climate is becoming more suitable for vine production and thus opening up an 
opportunity for growers interested in wine production. 

Adaptation actions to improve monitoring and measuring of water (to ensure 
optimal use) and the identification of innovative techniques to reduce demand 
and reuse water are required both at a farm and catchment scale. 
Long-term declines are evident in the volume of water abstractions from non-tidal 
sources for both agricultural and fish farming sectors (see section 2.8 and section 
2.9). However, the reasons for this are not clear and on its own it does not suggest 
whether the vulnerability of the agriculture sector to water scarcity is changing.  

 

 
*   In 2020, 'hobby vineyards' and 'abandoned vineyards accounted for an estimated additional 66 hectares and 54 

hectares respectively. 

2431  



Progress in adapting to climate change: 2021 Report to Parliament 102 

Better Indicators are needed to measure changes in the level of agricultural 
expenditure on adaptation.  
The amount of investment in agricultural research and development (R&D) on 
climate-specific issues is a useful indictor of action. The Office for National Statistics 
(ONS) publishes annual data on R&D investment for agriculture, forestry, fisheries 
and hunting. At present, however, sub-industry data for this indicator are not 
available, meaning we are unable to assess changes specific to the agriculture 
portion of R&D investment. 

Indicators are urgently needed to measure the ability of agricultural soils to support 
food production. 
Better Indicators are needed to measure changes in the level of agricultural 
expenditure on adaptation, and the ability of agricultural soils to support food 
production. 

Soil degradation, through erosion and reduced organic matter, could cause an 
irreversible decline in the productive capacity of the land. In the case of 
agriculture, soils are being degraded by intensive farming practices in some areas 
(such as the Fens), with deep ploughing, short rotation periods and exposed 
ground leading to soil erosion from wind and heavy rain.  

Defra are considering the potential scope for a soil health action plan (see section 
2.2). Draft plans include developing a new Soil Health Monitoring Scheme (SHMS) 
for England to produce a new robust data baseline. A healthy soils indicator will be 
developed to feed into the SHMS and will inform a future target for soil health 
under the Environment Bill. Separately, a new Soil Structure Measuring and 
Monitoring Scheme is being developed to enable visual assessments to be carried 
by farmers and land managers across all land use/soil types. 
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2.8 Water management 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - medium 

• Revisions to the river basin management plans consider potential climate impacts
under a range of warming scenarios. However, there is insufficient consideration of
risks to water quality from higher temperatures in the current plans.

• The Environment Agency’s second Flood and Coastal Erosion Risks strategy also
considers adaptation for a range of climate scenarios and emphasises the
potential for nature-based solutions to manage risks of flooding, including to
agricultural land.

Risk management score – medium 

• There is a lack of appropriate indicators to show how the vulnerability of the
freshwater environment for providing water for human use is changing.

• Progress has been made in supporting sustainable abstraction of water from the
environment through the Environment Agency’s Restoring Sustainable Abstraction
Programme.

• The use of land for natural flood management remains poorly recorded.

5 

This adaptation priority considers the regulating services related to the availability 
and quality of water in the environment, and flood risk management provided by 
the natural environment. Freshwater biodiversity is covered in Section 2.3. 

Summary of 2019 report score 

In our last report. water management scored a 5 (medium plan score, medium risk 
management score). 
Our 2019 report highlighted that while plans are in place and actions are being 
implemented to address increased risks of water scarcity in vulnerable locations, 
there was insufficient consideration of risks from higher water temperatures. 
Furthermore, there were no goals set out in current policies for how land should be 
used to manage flood risk as the climate changes.  

On progress in managing risk, the downward trend in abstraction of water for 
agriculture suggested a decline in vulnerability to future water deficits, although on 
its own it is a very limited indicator as change is influenced highly by demand. A 
lack of information on the use of land for natural flood management in England 
meant we were not able to assess progress in this area accurately. 

Has the plan score changed? 

No. The score remains the same. 

Progress summary – Water management 

Notes: See annex for full datasets 
Key Indicators: Progress made by Restoring Sustainable Abstraction Programme. 
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Revisions to the river basin management plans (RBMPs) that consider the potential 
climate impacts under a range of warming scenarios will support adaptation 
decisions on the use of water to address future risk. However, there is insufficient 
consideration of risks to water quality from higher temperatures in current plans.  
As part of the process of reviewing the RBMPs (see section 2.4), in 2020 the 
Environment Agency completed a ‘Challenges and Choices’ consultation. The 
consultation was used to raise awareness of the impact of climate change on 
water management in England and gather views from stakeholders on how to 
mitigate these risks. Climate related changes identified included: climate and 
biodiversity crisis, changes in water levels and flows, and invasive non-native 
species. This work has started a conversation around the challenges stakeholders 
and the communities they represent face in the future.  The discussions have led to 
some initiatives to prepare for warmer water temperatures (e.g. keeping rivers cool 
project).  However, there is still insufficient consideration of risks to water quality 
from higher temperatures across the impacts identified. 

The Environment Agency has produced current and future pressure assessments for 
each of the RBMP challenges identified. The futures analysis component builds on 
current understanding by incorporating projections for climate change, population 
growth and land use change, and aims to improve such tools to inform future 
water planning.  

The Government’s water abstraction plan provides a framework to manage risks of 
water scarcity, but does not give adequate consideration to risks to water quality 
as outlined in CCRA3.44 
The 25-Year Environmental Plan identifies the Water Abstraction Plan (WAP) 2017 as 
the Government’s key tool to help meet its ‘Clean and plentiful water’ goal, and 
to meet the challenges of climate change both now and in the future. The plan 
has three main elements: addressing unsustainable abstraction; stronger 
catchment focus; and modernisation. The WAP refers to the link between climate 
change and sustainably abstracted water bodies and the benefits of a stronger 
catchment focus in delivering greater sustainability and access to water. It is 
understood outputs from the RBMP risk scenario assessments (see above and 
section 2.4) will feed into the WAP, but it is not clear how results will support 
appropriate actions. 

The second Flood and Coastal Erosion Risk Management (FCERM) strategy 
emphasises the potential for nature-based solutions (NbS) to manage the risks of 
flooding. 
Natural flood management (NFM) is a central feature in the Environment Agency’s 
national FCERM Strategy, which makes several commitments to mainstream NbS 
citing the benefits of working with natural processes to manage current and future 
flood risk. The Environment Agency has also been developing evidence and 
knowledge sharing concerning NFM45, including case studies on different NFM 
approaches, as well collaborating internationally with the US Army Corps ‘Atlas’ 
work on ‘engineering with nature’.  

Funding has been allocated to natural flood management projects, but early 
lessons are only just emerging and further evidence of the success of projects is 
needed.  
In 2017, the Environment Agency began a £15 million pilot programme to learn 
more about NFM, working with communities, land managers, catchment 
partnerships and coastal groups around England. The programme completed in 
April 2021, with 56 NFM projects across the country delivered with local community 
groups, and improving 4,000 hectares of habitat. Currently, the Environment 
Agency identifies 40 projects as part of their FCERM investment programme that 

Revisions to the river basin 
management plans lack 
sufficient consideration of risks 
to water quality from higher 
temperatures across the 
impacts identified. 

The Environment Agency has 
allocated funding to natural 
flood management projects, 
but early lessons are only just 
emerging and further evidence 
of the success of projects is 
needed. 
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include NFM measures, but recognise that further learning about NFM is needed to 
increase confidence in its use.  

As noted in NAP2, the Environment Agency has committed to producing a Natural 
Flood Management design manual by 2020. 
The manual will assist practitioners in selecting appropriate NFM measures. CIRIA* 
has been commissioned to lead a project to develop the design manual on behalf 
of the Environment Agency. The project is scheduled to complete in winter 
2021/22.   

Has the risk management score changed? 

No, the score has remained medium.  

There is a lack of indicators to show how the vulnerability of the natural 
environment for providing water for human use is changing.  
Effective water management is a fundamental function of agricultural production, 
whether it be through water storage or sustainable abstraction for irrigation used to 
water crops. A changing climate is likely to bring greater variability in rainfall and 
higher temperatures. This could result in less groundwater recharge and larger 
seasonal variations in river flow as well as changes to when and how extended dry 
periods occur. Sustainably abstracted water bodies will be more resilient to 
changes in climate and drought pressures so addressing unsustainable abstraction 
will help improve resilience to climate change. As noted above, through the WAP, 
the Environment Agency is looking to reduce the amount of water that can be 
abstracted under a licence based on historical long-term average use.  

Progress has been made in supporting the sustainable abstraction of water from 
the environment through the EA’s Restoring Sustainable Abstraction Programme.  
Through the Restoring Sustainable Abstraction (RSA) programme, launched in 2008, 
the Environment Agency has been investigating and changing permanent 
abstraction licences that have caused environmental damage, reduced 
biodiversity and undermined ecosystem resilience to climate change. The RSA 
programme identifies abstraction licences for which there were concerns about 
an impact on the environment and, where possible, identifies options to make the 
abstraction sustainable. This is either through voluntary agreement with licence 
holders or using compulsory legal powers. As of March 2020, 85% of the RSA 
Programme had been delivered, equating to changes to 320 abstraction licences. 

Data to support the assessment of changes in the level of on-farm water storage 
capacity in England is no longer collected. 
In our 2019 assessment, we presented information taken from Defra’s Farm Business 
Survey on the percentage of farms sourcing water from various water sources, 
including from on-farm water infrastructure. Data on this ceased to be collected as 
part of the survey beyond the 2015-16 financial year, so we are unable to assess 
recent progress in developing on-farm water storage capacity for this report. 

 

 

 

 

 
*   Construction Industry Research and Information Association 

Some progress has been made 
in supporting sustainable 
abstraction of water from the 
natural environment. 
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2.9 Commercial fisheries and aquaculture 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score - medium 

• The Fisheries Act 2020 includes a requirement for authorities in England to report on
how objectives will be met to improve the ability of the Fisheries and Aquaculture
industries to adapt to climate change. While adaptation plans for both sectors
have now been published, neither plan considers climate impacts under a range of
warming scenarios.

Risk management score – medium 

• Overall, there are a greater proportion of marine stocks fished sustainably and
within safe biological limits, both in the long and short term. However, existing
metrics only include fish stocks covered by quota management.

5 

Summary of 2019 report score 

Commercial fisheries and aquaculture scored a 2 in the 2019 report (low plan 
score, medium risk score).  
Our 2019 report highlighted that without an adequate plan for aquaculture, 
existing plans for the sector did not represent a sufficient strategy for adapting the 
industry to climate change. Available indicators suggested some progress has 
been made under the EU Common Fisheries Policy in introducing sustainable 
fisheries measures, while substantial research into the effect of climate change was 
underway. 

Has the plan score changed? 

Yes. Medium levels plans are now in place for the sector. 

The UK marine fishing industry was worth ca. £1.5 billion in 2017 (total catches were 
worth £980.1 million) and employed 23,000 people, although this is rather unevenly 
distributed between sectors and around the UK.46 

The Fisheries Act. 2020 contains provisions to improve the ability of the Fisheries 
and Aquaculture industries to adapt to climate change, including a requirement 
for authorities to report triennially on how objectives will be met. 
The Fisheries Act (2020) replaces the EU’s Common Fisheries Policy (CFP) in 
providing a framework for domestic fisheries policy governing foreign access to 
British fishing grounds, the licensing of fishing boats, and grants connected to 
fishing. The Act also extends the powers of national authorities with regard to 
marine conservation to the whole of the UK Economic Exclusion Zone (EEZ).  

Climate change is listed as one of the eight objectives under the Act, notably 
reducing the impact of fisheries (e.g. through lowering emissions), and to fisheries 
(e.g. through improving its ability to adapt to the effects of climate change).  

Progress summary – Commercial fisheries and aquaculture 

Notes: See annex for full datasets 
Key Indicators: Marine fish (quota) stocks of UK interest harvested sustainably, Marine fish (quota) stocks with biomass at levels that maintain reproductive 
capacity. 

Climate change is listed as one 
of the eight objectives under 
the Fisheries Act. 2020. 
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The Act itself does not set out the specifics of how climate change objectives will 
be achieved. Rather, it creates a legal requirement for the UK’s four national 
fisheries policy authorities (e.g. Marine Management Organisation (MMO) for 
England) to produce a Joint Fisheries Statement (JFS) that will lay out how these 
objectives will be met. The Act requires these authorities to produce the JFS within 
two years of the Fisheries Act being passed (November 2022). The Act also includes 
provisions to report on the JFS policies every three years, and to review the JFS 
every six years. This aims to ensure the policies will be responsive, and remain fit for 
purpose in order to achieve the fisheries’ objectives. It is not clear at this stage the 
extent to which the impacts of climate under different warming scenarios will be 
included in the JFS. 

Policies to replace former EU protections must ensure gains made under the 
Common Fisheries Policy are maintained and built on. 
To support adaptation, policies for fisheries and aquaculture need to achieve at 
least two key aims: sustainable yields for populations; and flexibility through time in 
what species are caught, to mirror the changing species diversity and abundance 
in UK waters as the climate changes. Previously under the CFP, a number of tools 
were used to manage UK fisheries including: minimum landing sizes; mesh sizes; 
effort control (limiting days at sea, or power of vessels); area closures; technical 
measures specifying aspects of the design of the gear; and landing restrictions. The 
setting of a Total Allowable Catch was the primary means of controlling the 
number of fish removed from a stock. It is likely that EU-exit will have major 
implications for these fisheries, most notably in terms of changes in fisheries policy 
(quota arrangements, regulations etc.). It is vital that the policies implemented 
under the Fisheries Act ensure the gains made in improving the sustainability of the 
UK fishing industry are both maintained and increased. 

NAP2 includes the release of several reports by Seafish, the industry body with a 
remit to support the profitability and sustainability of the seafood industry.  
Seafish has produced a climate change adaptation report for the aquaculture 
side of the sector. The report considers the major impacts on the industry, from 
production to processing, that arise from five principal climate change drivers (sea 
level rise; changes in storms and waves; temperature change; ocean acidification; 
and changes in terrestrial rainfall) and sets out key areas for adaptation action.  
The report compliments a previous Seafish climate change adaptation report for 
the UK wild capture seafood side of the industry. The document also considered 
the major industry impacts arising from key climate change drivers and sets out 
major areas of adaptation action, and was produced in collaboration with key 
partners, for the UK Government under the first Climate Change Adaptation 
Reporting Power. However, while both reports comprehensively cover impacts 
from key climate threats, the assessments lack explicit consideration of 2°C and 
4°C global temperature scenarios. 

It is anticipated that evidence on climate change to inform potential responses will 
be collected on an ongoing basis for aquaculture in the form of an annual 
‘watching brief’ as is currently the case for the wild capture seafood report. 

Has the risk score changed? 

No, the risk score remains medium.  

Climate change drives modifications in marine ecosystems that affect fisheries’ 
productivity and food security. Fish are an integral component of marine 
biodiversity. They are an important element of the food chain for seabirds, seals 
and cetaceans (e.g. whales) and are a source of food and employment for 
people.47  

Adaptation plans have been 
produced for the aquaculture 
and wild capture sides of the 
fisheries sector, but as yet 
neither plan considers climate 
impacts under a range of 
warming scenarios. 
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The Marine Climate Change Impacts Partnership 2020 Report Card 2020 showed 
increasing evidence of climate impacting on the off-shore fishing industry. 
The report card states that fisheries productivity in some UK waters has been 
negatively impacted by ocean warming, including impacts to the timing of 
spawning among species, as well as substantial changes in fish communities in UK 
waters, linked to the appearance of warm-water species. There is also evidence to 
suggest warming, and associated oxygen solubility, appears also to be affecting 
the age at maturation, growth rates, and the maximum size fish can attain. 

Indicators of the extent and condition of recorded fish stocks suggest long-term 
improvement, however, it is not possible to assess fish species that are not under 
quota management. 
Maintaining sustainable fisheries helps to ensure marine ecosystems remain diverse 
and resilient, providing a long-term and viable fishing industry. The percentage of 
fish stocks at or below levels capable of producing maximum sustainable yield 
(MSY) has increased from 9% in 1990 to 51% in 2018 (Figure 2.22). 

Figure 2.22 Percentage of marine fish (quota) 
stocks of UK interest harvested sustainably 

 
 

 

Source: Defra biodiversity indicators 2020 update.  
Notes: 1. The list of stocks used within the indicator was expanded in 2017, so publications of the indicator using 
data prior to 2017 are not directly comparable. Note that Defra first published this indicator using the expanded list 
of stocks in 2019. 2. Also, not directly comparable with previous publication; As data are added to time-series and 
stock assessment models are refit, small changes can occur in past estimates even if the model structure is not itself 
revised. 

 
The spawning biomass (SSB) of each respective fish stock should be at or above a 
level capable of producing maximum sustainable yield if the reproductive 
capacity of stocks is to be maintained. The percentage of stocks achieving this 
goal has also increased, from 32% in 1990 to 61% in 2018 (see figure 2.23). For 2020, 
the UK will have 67% of its Total Allowable Catches set at Maximum Sustainable 
Yield (MSY) out of the total stocks with MSY assessments.48 

 

  

There is increasing evidence of 
climate impacting on the off-
shore fishing industry. 
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Figure 2.23 Percentage of marine fish (quota) 
stocks of UK interest with biomass at levels that 
maintain full reproductive capacity 

 

 

 
Source: Defra biodiversity indicators 2020 update. 

 
The indicators presented in figure 2.22 and figure 2.23 only include UK fish stocks 
that are subject to quota management. Both are based on a group of 20 species 
in 57 stocks for which there are reliable estimates of fishing mortality and spawning 
biomass, together with MSY reference points for fishing mortality and biomass that 
allow the sustainability of the stocks to be evaluated. The indicator stocks include a 
range of local and widely distributed species of major importance to the UK fishing 
industry. Data limitations, however, mean It is not possible, to assess the extent and 
condition UK fish stocks that are not subject to quota management. 

The absence of long-term monitoring datasets mean we are not able to assess the 
status of seafloor marine species. 
The use of bottom trawling by the fishing industry can have widespread impacts on 
the condition, and therefore vulnerability to climate change, of marine habitats 
and species. Physical disturbance can affect seafloor habitats adversely, with shifts 
in sea floor community composition being reported.49 These shifts are driven by the 
replacement of larger, long-lived, slow-reproducing species with small, fast-
growing species.50 Data limitations mean changes in the status of seafloor marine 
species are not included in the assessment.  

 

 

 

 

 

 

Indicators show there are a 
greater proportion of marine 
stocks fished sustainably and 
within safe biological limits, 
both in the long and short term. 
However, existing metrics only 
include fish stocks covered by 
quota management. 
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3.1 Introduction  

The vast majority of people in England live in built-up areas, with about 92% of the 
population living in cities and towns.* The built environment therefore has a strong 
influence on how climate change will impact upon people and communities. For 
example, the level of flood risk to communities depends on: whether houses are 
built in areas exposed to flooding; the level of protection provided by flood 
alleviation schemes; and whether resilience measures are put in place at the 
individual household level. Housing quality determines whether people live in 
damp, excessively hot, or cold homes, with the health cost to the NHS of poor 
housing estimated to be around £1.4 billion per year.1 The extent of permeable 
surfaces and urban green space impacts on the quantity and quality of water 
entering drainage networks and being discharged into watercourses. Green 
spaces also help to reduce temperatures in built-up areas. 

The COVID-19 pandemic has led to people spending more time indoors – 
particularly their homes – potentially exacerbating exposure to other risks, including 
weather-related risks. 2 However, the impacts of COVID-19 may have raised 
awareness of the importance of understanding major threats that can disrupt lives 
and livelihoods, including low-probability, high-impact events (e.g. flood events).3  

The third UK Climate Independent Assessment (CCRA3) has updated the evidence 
on the many, diverse climate change risks that impact upon people and the built 
environment. Most of these (55 out of 61 risks and opportunities) require more 
action or further investigation by Government.4 

This chapter assesses whether climate change is being planned for, whether 
adaptation actions are taking place, and whether those actions are leading to 
reductions in vulnerability or exposure. Flooding (Section 3.2); coastal erosion 
(Section 3.3); water availability (Section 3.4); and health impacts from heat and 
cold, pathogens, and air pollution (Section 3.5), are all considered here as the key 
conduits for climate-impacts on people in the built environment. The capacity of 
responders to cope with climate-related emergencies is also considered (Section 
3.6).  

  

 
*   According to Defra’s Official Statistics on Rural population 2018, excluding people living in sparsely populated areas   

and those in villages and hamlets, 83% of the English population lives in cities and urban towns and nearly 9% in rural 
towns. 
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3.2 Flood risk management and climate change 

This section begins with an analysis of the overall flood risk and response, in the 
context of climate change. This is then followed by analysis of the CCC’s more 
specific adaptation priorities: river and coastal flood alleviation; development in 
areas at risk of river or coastal flooding; surface water flood alleviation; 
development and surface water flood risk; property-level flood resilience; capacity 
of people and communities to recover from flooding.  

The updated flood risk project for the third CCRA5 found that 1,550,000 people in 
England currently face a 1 in 75 or greater flood risk (i.e. a 1.33% chance of 
flooding in any given year), and that direct Expected Annual Damages (EAD) to 
residential properties from flooding are currently £290 million. This covers all sources 
of flooding: river; coastal; surface water;* and groundwater. †  

Assuming no population growth and enhanced adaptation,‡ by the 2050s the 
projected number of people at a 1:75 year or greater risk rises to around 2,000,000 
under a 2˚C scenario and 2,450,000 under a 4 ̊ C scenario.6 By the 2080s, the 
projections suggest 2,150,000 people will be at risk under a 2˚C scenario and 
2,700,000 people under a 4˚C scenario. Direct EAD for residential properties is 
projected to rise by 25-46% in the 2050s and 36%-84% in the 2080s, depending on 
the climate scenario used in the analysis.  

Is there a good quality plan that presents a response to 
England’s overall flood risk? 

Since 2019 the Government has published a National Policy Statement on flood 
and coastal erosion risk management, alongside the Environment Agency’s 
national Flood and Coastal Erosion Risk Management (FCERM) Strategy and Action 
Plan (Box 3.1).  
The Policy Statement and Strategy together aim to ensure that England is more 
resilient to flooding and coastal erosion in the long-term:  

• The Policy Statement forms part of the Government’s wider commitment to 
tackle climate change, with many actions directly relevant. It sets out a 
long-term approach to commit to making better decisions about the 
actions and investments taken which account for future risks in a changing 
climate.  

• The FCERM Strategy was laid in Parliament in 2020, as a requirement of the 
Flood and Water Management Act (2010). It provides a framework to guide 
the operational activities and decision-making of practitioners, in support of 
the direction set by the Policy Statement and the 25 Year Environment Plan. 

 
*   Surface water flooding is considered separately from river and coastal flooding in this chapter. Different policies, 

plans, actors, and responses for these two categories, make their separation in this report, as well as in policy-
making, convenient. However, there are also interactions and overlaps that should not be ignored. These include: 
policy (all flooding sources are covered in the FCERM and Policy Statement); shared flood defence and resilience 
funding streams; and shared physical drivers for different flooding sources such as high rivers and rising sea levels 
lead to blocking surface water drainage.  

†  Groundwater flooding is not examined in this report as there are few data and policies to examine. The issue requires 
further research.  

‡  This ‘current objectives+’ scenario goes beyond the current implementation of policy (and recently introduced 
policy) to represent an enhanced whole-system approach to adaptation (i.e. implementation is in-line with the 
higher level of ambition).  

By the 2080s, the projections 
suggest 2,150,000 people will 
be at risk under a 2˚C scenario 
and 2,700,000 people under a 
4˚C scenario. 
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It supports risk management authorities in considering a range of scenarios, 
including higher climate scenarios, such as a 4°C rise in global temperature. 

• The FCERM Strategy Action Plan aims to help deliver the objectives set out 
in the Strategy with commitments from the Environment Agency, and a 
range of partners, that will be monitored, reviewed and updated every 
year.  

The Policy Statement and Strategy should help to provide the required policy basis 
for increasing the level of ambition in tackling flood risk. However, it is too soon to 
tell what the resulting actions and subsequent risk reductions will be. Alongside this, 
while the updated flood risk projections for the third CCRA show that future risk can 
be reduced with continued adaptation action, residual risk remains high.  

The FCERM Strategy and Policy Statement are revisited, where relevant, 
throughout this chapter. Section 2.7 (water management) in the Natural 
Environment chapter of this report refers to natural flood risk management. 

Box 3.1 
New commitments in the Government’s Flood Policy Statement and 
Environment Agency’s Flood and Coastal Erosion Risk Management (FCERM) 
Strategy 

The Policy Statement sets out the Government’s long-term ambition to create a nation 
more resilient to future flood and coastal erosion risk. The Statement outlines five policy 
themes, aiming to accelerate progress and increase resilience to flooding and coastal 
erosion, in the face of more frequent extreme weather due to climate change:  

1. Upgrading and expanding national flood defences and infrastructure. 

2. Managing the flow of water more effectively. 

3. Harnessing the power of nature to reduce flood and coastal erosion and achieve 
multi-benefits.   

4. Better preparing communities.  

5. Enabling more resilient places through a catchment-based approach. 

These policies are supported by over 40 actions to drive progress and create a more 
resilient nation. These actions include: 

• Reforming local flood and coastal erosion risk planning by 2026, so that every area of 
England will have a more strategic and comprehensive plan, that drives long-term 
local action and investment.  

• £5.2 billion to create around 2,000 new flood and coastal defences to better protect 
336,000 properties in England and reduce national flood risk by up to 11% by 2027. 

• £200 million for the Environment Agency’s Flood & Coastal Resilience Innovation 
Programme, for testing and developing innovative approaches to flood and coastal 
resilience as well as adaptation.  

• Doubling the number of Government-funded projects which include nature-based 
solutions to reduce flood and coastal erosion risk.  

• Consulting on changes to the FloodRe scheme, to encourage greater uptake of 
Property Flood Resilience among households at high risk of flooding across the UK.  

• Reviewing national policy for Shoreline Management Plans. 

• Developing a national set of indicators to monitor trends and the impact of policies 
by spring 2022.  

The FCERM 2020 Strategy supports the ambition with a range of practical measures to 
help England strengthen its resilience to flooding and coastal change, for example by 
enhancing guidance for appraisal of flooding and coastal change projects, so that 

2446  



117 Climate Change Committee 

investment decisions can better reflect a wider range of resilience actions and climate 
change scenarios.  

The strategy also commits to:  

• Enhancing the understanding of all sources of current and future flood risk through 
improving the National Flood Risk Assessment. 

• Developing adaptive approaches and pathways in local places which equip 
practitioners and policy makers to better plan for future flood and coastal change 
and adapt to future climate hazards. 

• Delivering innovative solutions to flood and coastal resilience in 25 places across the 
country, through the £150m Flood & Coastal Resilience Innovation Programme.  

• Mainstreaming property flood resilience measures and to ‘build back better’ after 
flooding.  

• Transforming the flood warning and informing service to better reach people living, 
working or travelling through flood risk areas.  

In May 2021 the Environment Agency launched its first FCERM Strategy Action Plan. The 
plan aims to deliver the strategic objectives set out in the Environment Agency’s FCERM 
Strategy and provides a wide-ranging list of actions. These include the Environment 
Agency working with:  

• The National Flood Forum to expand the network of community flood groups, to 
support residents and local businesses to develop flood response plans and train 
flood wardens. 

• The Property Flood Resilience Roundtable, to deliver a national suite of training for 
the property flood resilience industry. 

• Partners in the Thames Estuary, Humber Estuary, Severn Valley and Yorkshire, to 
develop long term plans for adapting to future flooding and coastal change and 
climate hazards. 

• The Local Government Association and ADEPT, to run workshops to help local 
authorities attract private sector investment and green finance as a means of 
improving flood and coastal resilience. 

• The Town and Country Planning Association, to develop on-line training materials for 
town planners on flood risk and climate change. 

Source: HM Government (2020) Flood and coastal erosion risk management Policy Statement; Environment Agency 
(2020) National Flood and Coastal Erosion Risk Management Strategy for England; Environment Agency (2021) 
Flood and Coastal Erosion Risk Management Strategy Action Plan 2021. 

 
Is progress being made in managing overall flood risk? 

The Environment Agency’s six-year FCERM investment programme has delivered a 
large number of risk management interventions.  
From April 2019 to March 2020, 176 FCERM schemes were completed, of which 73 
improved protection from the risk of flooding from rivers and 36 improved 
protection from the risk of flooding from the sea. The schemes include interventions 
such as asset improvements and tidal flood barriers.7 These schemes have helped 
to better protect nearly 50,000 homes from flooding and coastal erosion (3,900 of 
which were in areas of significant flood risk and economic deprivation). Since 2015, 
the Environment Agency and partners have completed more than 700 projects to 
better protect more than 300,000 homes, exceeding the programme’s target to 
provide better protection for 300,000 homes between 2015 and 2021.8  

A review conducted in 2017 focused on those schemes that accounted for a large 
proportion of the homes better protected.9 This revealed that based on an 
improved Standard of Protection (SoP), most of the schemes were taking 
households from very significant risk, to low or moderate risk. Furthermore, most of 

Since 2015, the Environment 
Agency and partners have 
completed more than 700 
projects to better protect more 
than 300,000 homes. 
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the schemes were increasing the existing SoP and allowed for increased risk due to 
climate change in the design.  

Data regarding which risk bands homes have moved into and out of, for the 
different types of flooding, is not routinely collected and published. 
Whilst there has been a review of schemes, this type of information needs to be 
continually collected. Without it, it will not be possible to tell if the continued rate of 
investment and protection is sufficient to maintain current levels of risk. 

The Government has announced a substantial increase in the amount of capital 
funding for flood and coastal erosion risk management. 
In March 2020, the Government announced that the capital funding for FCERM 
would increase from £2.6 billion for the period 2015 to 2021, to £5.2 billion for the 
period 2021to 2027. Beyond the £5.2 billion capital investment programme, the 
Government has also announced other funding measures for flood and coastal 
erosion risk management over the past two years which include:10 

• £170 million to accelerate the building of 22 shovel-ready flood defence 
schemes. 

• £150 million (of a £200 million fund) between 2021 and 2027 for a flood and 
coastal resilience innovation programme, managed by the Environment 
Agency. The programme will support 25 local areas in urban, rural and 
coastal areas to trial innovative approaches which increase resilience to 
flooding and coastal erosion. 

• £8 million between 2021 and 2027 for development and implementation of 
adaptation pathway plans to manage long-term flooding and coastal 
change and investment, in Thames and Humber estuaries, Severn Valley 
and Yorkshire. 

• £120 million was made available to the Environment Agency to repair 
assets damaged by Storms Dennis and Ciara during the 2019/20 winter. 

• £640 million for a Nature for Climate Fund which will contribute to tree 
planting and peatland restoration. The Government has stated it will 
examine ways to secure secondary benefits for flood risk management. 

The National Audit Office (NAO) assessed in its 2020 report on flood management 
that the funding in the first two bullet points meant £5.6 billion of new capital 
funding had been announced for flooding and coastal erosion up to the end of 
March 2027. 11 

The Environment Agency’s long-term investment scenarios (LTIS) set out the 
economic optimum level of investment for FCERM. It is expected that investment 
for the period 2021 to 2027 will exceed this, though some sources are determined 
on an annual basis and therefore provide insufficient long-term stability to manage 
climate risks. 
LTIS estimates the economic optimum level of investment for FCERM to be an 
annual average of £1.1 billion as a best estimate, possibly as high as £1.3 billion 
(both in real terms, 2019/20 prices), depending on policy choices, such as very high 
levels of protection and increased use of Property-level flood resilience (PFR) 
measures and natural flood management.12 In real terms, the £5.2 billion of capital 
funding for FCERM is roughly £775m as an annual average for 2021/22 to 2026/27. 
LTIS includes flood and coastal capital schemes, asset maintenance and resource 
and investment associated with other flood and coastal risk management 
authorities.  

The capital funding for flooding 
will increase from £2.6bn for the 
period 2015 to 2021, to £5.2 bn 
for the period 2021to 2027. 

In real terms, the £5.2 billion of 
capital funding for FCERM is 
roughly £775m as an annual 
average for 2021/22 to 2026/27. 
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Based on resource and other funding in recent years, similar amounts should fill the 
gap between announced capital funding and the optimum identified by LTIS as 
shown in Figure 3.1.* † However, except for the six-year capital programme, the 
level of resource funding for all other aspects of FCERM is determined on an 
annual basis and so remains uncertain.  

The NAO stated in its 2020 report on flood management that Defra is confident 
that resource and other funding will exceed the optimum identified by LTIS. 
Investment in FCERM for the period 2015 to 2021 was consistent with the optimum 
identified by LTIS 2014, roughly £940 million (2019/20 prices) as an annual average 
based on a medium climate change scenario. By 2025 the Environment Agency 
will produce a new set of long-term investment scenarios to inform future policy 
and investment choices for achieving flood and coastal resilience. 

Figure 3.1 Spending on flood risk in England and 
the optimum identified by LTIS 2019 (real terms, 
2019/20 prices) 

 
 

 

Source: Defra (2021) Central Government Funding for Flood and Coastal Erosion Risk Management in England. 
Environment Agency (2019) Long-Term Investment Scenarios (LTIS) 2019. National Audit Office (2020) Managing 
flood risk. HMT (2021) GDP deflators at  market prices, and money GDP March 2021(Budget). 

 
Despite the increase in capital funding, there remain concerns about other aspects 
of funding flood and coastal erosion risk management. Government should 
provide greater assurance that all aspects of funding will be set and maintained to 

 
*   These figures do not include partnership funding raised by other risk management authorities, Internal Drainage 

Board funding raised from drainage charges and special levies, or local authority funding from their Settlement 
Funding Assessment (SFA) spent on flood or coastal erosion risk management. See Defra (2021) in Figure 3.1 for 
further details. 

†   The announced £170 million and £200 million are not included in the annual average for 2021/22 to 2026/27. This is 
because there is no annual profile for this funding and LTIS does not make an explicit allowance for funding for 
innovation. 
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manage the risk, taking the latest evidence on the impacts of climate change into 
account. 
Recent reports by the NAO in 2020 and the House of Commons Environment, Food 
and Rural Affairs (EFRA) Committee in 2021, have highlighted concerns related to 
spending on flood risk.13 The positive impacts of higher capital spending on flood 
risk could be undermined if spending on maintaining new and existing flood 
defence assets is not also increased. A research report published by the 
Environment Agency in 2017 on the impact of climate change on asset 
deterioration indicted that there may need to be 30% to 80% more investment in 
asset maintenance to address the greater potential for deterioration.14 At present, 
it is uncertain what maintenance funding will be, since it is only determined on an 
annual basis.  

The House of Commons EFRA Committee’s 2021 report on flooding recommended 
that the Government should put in place a long-term resource budget settlement 
consistent with the capital investment programme, which would allow the 
Environment Agency and others to effectively plan and maintain flood and 
coastal erosion risk management assets. Government responded to this 
recommendation in April 2021.15 The response stated that Government had 
significantly increased funding between 2015 and 2020 for the maintenance of 
assets and increased maintenance funding in 2020-21 relative to the previous year, 
with future spending to be determined by the 2021 Spending Review. 

The NAO’s 2020 report on managing flood risk stated that some beneficial projects 
are not being implemented because partnership funding is required but cannot 
be secured. This could lead to projects with partnership funding going ahead while 
other projects that offer better value for money (in terms of flood risk reduction 
benefits) do not. Analysis by the NAO in its 2020 report found that the Environment 
Agency secured £530m of partnership funding in the period 2015 to 2021, above its 
target of £390m, with £39 million or 7% of this from the private sector. Previous NAO 
analysis for the period April 2011 to March 2015, found the private sector 
accounted for £35 million or 25% of all partnership funding for that period.  

The Environment Agency stated in its FCERM strategy that in the future there will 
need to be more partnership funding from non-public sources. There is no target or 
assessment of what proportion of partnership funding that non-public sources 
should account for, but Government amended the partnership funding rules in 
April 2020 and has since consulted on further improvements to increase 
contributions. 

Capacity and skills shortages could affect delivery of flood and coastal erosion risk 
management if funding is inadequate.  
Funding may also be required to help ensure that capacity and skills shortages do 
not affect the Environment Agency’s ability to deliver the FCERM strategy and the 
ability of lead local flood authorities (LLFAs) to fulfil their role. A wide range of skills 
are needed for risk management authorities, like the Environment Agency and 
LLFAs, to deliver the FCERM strategy – engineering, programme management, 
spatial planning and community engagement skills.  

The NAO stated in its 2020 report on managing flood risk that the Environment 
Agency may also require a 20% increase in the number of engineers it employs, 
despite independent research finding that Environment Agency engineer salaries 
are not competitive with salaries on the open market. This is further compounded 
by a general shortage of engineers in England. LLFAs have also reported concerns 
about resource funding for maintenance and more general capacity issues. 

 

There may need to be 30% to 
80% more investment in asset 
maintenance to address the 
greater potential for 
deterioration from the impacts 
of climate change. 
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3.2.1 River and coastal flood alleviation 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - high 

• The plan score has improved. Progress has been made in bringing together a policy
statement and long-term strategy to support action on flood and coastal risk
management. The Environment Agency’s FCERM Strategy puts in place measures
that will allow for climate adaptation, seeking to better prepare for a 2°C rise in
global temperature, as well as planning for higher scenarios, such as a 4°C rise in
global temperature. Significant announcements have also been made to boost
investment in flood defence schemes and supporting projects.

Risk management score - medium 

• The risk management score remains the same. Good evidence exists of actions
being taken through flood defence investment and the number of homes better
protected, but there is a lack of evidence to quantify the resulting reduction in
vulnerability or exposure of homes and people, which is needed to show good
progress in managing future climate change risk. The Environment Agency failed to
meet its target for 98% of ‘high consequence’ flood and coastal risk management
assets to be in good condition in 2019/20. Long-term budgets are needed to ensure
existing defences are maintained.

8 

Summary of 2019 report score 

In our last report, river and coastal flood alleviation scored a 5 (medium plan 
score, medium risk management score).  
Our 2019 report highlighted a series of plans at the time that considered long-term 
risks from climate change including 2°C and 4°C scenarios, but there was no 
overarching plan with associated outcomes and targets that brought together the 
different strands, linked to indicators to measure progress. On progress in managing 
risk, our previous report highlighted that, despite corporate Environment Agency 
indicators on flood defence investment and defence maintenance being met, 
there remained a lack of evidence to assess whether progress in protecting 
properties was keeping up with the rate of climate change. This is because data is 
not routinely collected regarding which risk bands better-protected homes have 
moved into and out of, for different types of flooding, including river and coastal.  

Has the plan score changed? 

Yes. The Committee’s assessment is that progress has been made in bringing 
together a long-term plan to support action on flood risk management, and 
significant announcements have also been made to boost investment in flood 
defence schemes and supporting projects. 

The Government has produced a new Policy Statement on flood and coastal 
erosion risk management, which sits alongside the Environment Agency’s updated 
long-term Flood and Coastal Erosion Risk Management (FCERM) Strategy.  

Progress summary – River and coastal flood alleviation 

Notes: See annex for full datasets 
Key Indicators: Flood defence asset condition, Investment in flood defences, Annual damages from river and coastal flooding, Change in property risk 
bands (not yet available), Nationally consistent future flood risk maps (not yet available). 
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The FCERM Strategy puts in place measures that will allow for climate adaptation, 
seeking to better prepare for a 2°C rise in global temperature, as well as planning 
for higher scenarios, such as a 4°C rise in global temperatures. There are also 
several new commitments and additions that bring together disparate aspects of 
river and coastal flooding (see Box 3.1).  

The Strategy has the objective to develop better evidence to inform future risk 
assessment and investment. This includes: a new national assessment of flood risk 
by 2024, that will help local areas better plan and adapt to future risks from all 
sources of flooding; a new set of long-term investment scenarios to inform future 
policy and investment choices; and developing adaptive pathways to enable 
local areas to better plan for future flooding and coastal change, and adapt to 
future climate hazards. It will also require Risk Management Authorities to make 
greater use of funding and financing from non-public sector sources, including 
trialling new and innovative financing to improve flood and coastal resilience.  

In May 2021 the Environment Agency launched its first FCERM Strategy Action Plan. 
The plan will aim to deliver the strategic objectives set out in the Environment 
Agency’s FCERM Strategy and provides a wide-ranging list of actions and 
monitoring of actions to be taken forward by the Environment Agency and a 
range of partners.16  

While evaluation and monitoring of the Policy Statement is not yet in place, actions 
are underway to produce a new national set of indicators. Strictly speaking, the 
current lack of an effective monitoring and evaluation system should retain the 
plan score as medium according to the Committee’s criteria (see Chapter 1), but 
given the significant advances elsewhere, the Committee’s view is that the 
significant progress that has been made should be recognised through an 
improvement on the plan score. However, the challenge now will be to move from 
strategic aspirations to delivery on the ground. If, by the time of the Committee’s 
next report in 2023, this system is not well established, the plan score may return to 
medium. 

Has the risk management score changed? 

No, the evidence available on managing risk remains the same as in 2019.  

Good evidence exists of actions being taken through flood defence investment 
and the number of homes better protected, but there is a lack of evidence to 
quantify the resulting reduction in vulnerability or exposure of homes and people, 
which is needed to show good progress in managing future climate change risk.  
As set out above, the current six-year investment programme has met its target to 
provide better protection for 300,000 homes between 2015 and 2021. Under the 
Policy Statement, the Government has committed to further upgrading and 
expanding of national flood defences and infrastructure. The Government 
announced in 2020, that £5.2 billion (Figure 3.1) would be awarded over the next 
six-year spending period on flood and coastal erosion risk management, primarily 
on developing new flood defences. This funding will support schemes to better 
protect an estimated 336,000 homes.  

It remains unclear how the quantified level of risk of homes in England will change, 
as the risk bands which homes move into and out of, through improvements to 
flood defences, are not recorded as standard. This information is needed to 
understand the extent to which risk is being managed or not, and thereby for our 
assessment to provide a high-risk reduction score.  

In May 2021 the Environment 
Agency launched its first 
FCERM Strategy Action Plan.  
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The Policy Statement includes an action for Government to develop a national set 
of indicators by 2022 to monitor trends over time to better understand the impacts 
of policies and it would be beneficial for information on the risk bands of homes to 
be included within these.  

The Environment Agency has not met its target for defences to be in a ‘required 
condition’. Actions in the Policy Statement should improve how defences are 
monitored, inspected, and maintained. However, at present, future maintenance 
funding for defences is uncertain since this is determined on an annual basis. 
Another key indicator of progress is the Environment Agency’s ‘high consequence’ 
flood and coastal risk management assets that are in the required condition.* The 
2018/19 target of 97.5% was exceeded.17 The target was increased to 98% in 
2019/20. However, the Environment Agency failed to achieve this, with 96.1% of 
assets in the required condition at the end of 2019/20.18  

The position continued to deteriorate in 2021, with 94.5% in the required condition 
by Q4 of 2020/2021.19 The Agency reported that this was due to increased asset 
damage during multiple significant flood events in November 2019 and February 
2020. COVID-19 restrictions also impacted the delivery of inspection, repair and 
maintenance work. The Government has provided £120 million of additional 
funding for asset repairs that are now in progress or planned in 2020/21.  

The Policy Statement includes actions to review statutory powers and 
responsibilities to map, monitor, inspect, and maintain all defence assets by the 
end of 2021. By 2024, as part of the FCERM Strategy, the Environment Agency will 
also develop guidance setting out a common approach for inspecting and 
managing all flood and coastal defences to improve resilience, information 
sharing and collaboration.  

Whilst the Government has committed to doubling capital investment in flood risk 
management, it must also ensure that long-term resource spending aligns with this 
and is available to the Environment Agency and local authorities to be able to 
effectively plan for and maintain existing flood and coastal defences (see flood 
introduction section for more detail).  

  

 
*   The definition of ‘high consequence’ and the required condition, as well as the inspection process, is set out in 

Environment Agency (2014) Asset performance tools – asset inspection guidance.  

The Environment Agency failed 
to achieve its target with 96.1% 
of assets in the required 
condition at the end of 
2019/20. 
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3.2.2 Development in areas at risk of river or coastal flooding 

2019 score:  What has changed since 2019: 2021 score: 

3 Plan score – medium 

• The plan score remains the same. National Planning Policy in England aims to steer
development away from current flood risk areas and advises that future risk should
be considered. However, there is a lack of resources in local authorities, and no
clear policy for how local authorities should effectively account for future flood risk
in plans and development decisions with a 2°C or 4°C rise in global temperature. It
is positive to see some actions set out in the recent FCERM Strategy and Policy
Statement that aim to ensure future development is safe from flooding. However,
unclear proposals in the Government’s White Paper planning consultation may
make adaptation more difficult to achieve if implemented.

Risk management score – low 

• The risk management score remains the same. The number of new homes granted
planning permission against Environment Agency flood risk advice has increased;
although in the vast majority of cases, the Agency’s advice is followed. Whilst
limited building in Flood Zone 3 will not create a large present day increase in flood
risk, it still increases exposure in the event of defence breaches and future climate
and population changes. If building on the floodplain continues at the current level
the funding required to maintain existing defences and build new ones will continue
to rise.

3 

Summary of 2019 report score 

In our last report, development in areas at risk of river or coastal flooding scored a 
3 (medium plan score, low risk management score).  
Our 2019 report highlighted that processes are in place to restrict development in 
areas of significant river or coastal flood risk, although advice from the Environment 
Agency on where to restrict development can be overruled. These processes do 
not consider the increased risk from climate change consistently, as there is no 
national map showing future flood risk that can be used for planning. On progress 
in managing risk, our previous report highlighted that exposure to flooding through 
new development is increasing.  

Has the plan score changed? 

No, the score remains the same.  

There are several new commitments in the new FCERM Policy Statement and 
updated FCERM Strategy on guiding the design and location of new development. 
These include in the Environment Agency’s FCERM Strategy: 

• Producing a National Flood Risk Assessment (NaFRA2) system to deliver a
single, scalable assessment of flood risk that to be rolled out to in 2024.

Progress summary – Development in areas at risk of river or coastal flooding 

Notes: See annex for full datasets 
Key Indicators: Planning permissions not in line with Environment Agency advice, Development in Flood Zone 3, Nationally consistent future flood risk maps 
(not yet available). 
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When published, this should help places better plan and adapt to future 
risks from flooding from rivers, the sea and surface water. 

• Environment Agency and coastal protection authorities advising planning 
authorities on how shoreline management plans can better inform planning 
policies for the coast, including designation of coastal change 
management areas. 

In the Government’s Policy Statement: 

• Plans to review policy for building in areas of flood risk, to ensure that future 
development will be safe from flooding and assess whether current 
protections in the National Planning Policy Framework (NPPF) are 
adequate. A review and assessment of the NPPF has been undertaken by 
MHCLG but not yet published at the time of writing. 

• Reviewing the effectiveness of existing planning policy on Coastal Change 
Management Areas (CMAs).  

• Identifying what more could be done in cases where Environment 
Agency’s advice on planning applications is not followed and considering 
ways to boost transparency, data collection, and reporting where 
Environment Agency or Lead Local Flood Authority advice is given. 

While national planning policy in England should steer development away from 
current flood risk areas and advises that future risk should be considered, at 
present there is no standard, national map of future flood risk and no clear policy 
for how local authorities should effectively account for flood risk with a 2°C or 4°C 
rise in global temperature in plans and development decisions. 
Planning applications that are subject to river and coastal flood risk have a series 
of logical tests applied to them. In 2021, MHCLG published a consultation to make 
some changes to the National Planning Policy Framework (NPPF).20 The proposals 
include:  

• Clarifying that all sources of flood risk should be accounted for in Local 
Plans. 

• Strengthening the wording around opportunities provided by new 
developments (e.g. through use of green infrastructure and natural flood 
management).  

• Moving the Flood Risk Vulnerability Classification from Planning Practice 
Guidance into the NPPF.  

The consultation does not take the opportunity to make the significant changes to 
the approach to planning for flood risk that the Committee thinks are needed and 
does not take account of the Government’s promised review of policy for building 
in areas at flood risk.  

The Environment, Food and Rural Affairs (EFRA) Committee review of flooding in 
2021 found that local planning authorities lack the knowledge and/or resources to 
effectively factor the impacts of climate change into their local plans and 
development decisions. 21 The EFRA Committee recommended that the 
Government must ensure that all local planning authorities have the powers, 
resources and information they need to perform this function, including properly 
trained, dedicated staff and funding. 
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As part of the 2021 Spending Review, the Government is considering the priorities 
for local government finance reform, including how to allocate funding to 
councils. 22 This should include flood and coastal erosion risk management 
functions. The 2021 FCERM action plan includes an action for the Environment 
Agency to work with the Town & Country Planning Association to develop online 
learning to help planners better account for flood risk and climate change.  

The 2020 Planning White Paper proposals set an aim to provide better quality 
homes and places that enhance the environment, health, and the character of 
local areas. However, the paper as published will not achieve this for climate 
resilience. More information is needed to understand the Government’s intentions 
with the forthcoming Planning Bill.  
Planning reform provides an opportunity to improve the approach to planning for 
climate change and introduce greater clarity in planning policy and guidance. In 
August 2020 the Government consulted on a significant reform to planning in 
England.23 The White Paper sets out three designated categories for land, with 
areas at risk of flooding excluded from the ‘growth’ area category, unless 
mitigation measures can be put in place. However, it is not clear what level of 
flood risk will trigger these protections, or what is included within the definition of 
‘mitigated flood risk’.  

The White Paper proposes introducing legally binding housing targets for each 
local authority, set by Government. There is no detail on how these targets will take 
account of land constraints in each local authority area, outside of the green belt, 
including land that is at risk of flooding but also for land that is not suitable for 
development because it has very high biodiversity or amenity value.  

The paper also proposes to roll all planning policy into the Local Plan, while making 
it shorter and quicker to produce. The Committee is supportive of looking at 
planning in a more integrated way but is concerned that capacity to consider 
complex issues such as climate change, will be materially reduced in a system 
aiming to prepare plans more quickly and making them shorter. Alongside this, 
removing the ‘duty to cooperate’ could make adaptation action across local 
authority areas more difficult to achieve. More information is needed on the plans 
for the forthcoming Planning Bill and how the proposals in the White Paper are to 
be achieved in practice. MHCLG, must therefore publish the policy 
recommendations from the internal review of planning policy for building in areas 
of flood risk, as soon as possible.   

Recommendation 

Ensure that all types of current and future flood risk are included in policies to assess flood 
risk to new developments. Housing targets for local authorities should take account of 
flood risk, amongst other environmental issues. Assessments and management of flood risk 
in new developments must include as a minimum:  

• Evidence that the development will be safe over its full lifetime, with a consideration 
of the downstream interactions and impacts of new developments i.e. not increase 
flooding in any other areas.  

• An assessment of current and future flood risk under both a 2°C and 4°C global 
climate scenarios.  

• Assess and manage the risk of flooding to local infrastructure as well as housing.  

• A consideration of better preparedness as set out in the Government’s recent FCERM 
Policy Statement.  

• Ensure there are properly funded and trained staff in local authorities. 

Department: MHCLG, Timing: 2022. 
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Has the risk management score changed? 

No, the evidence available on managing risk remains the same as in 2019.  

The number of new homes granted planning permission against Environment 
Agency flood risk advice has increased; although, in the vast majority of cases, the 
Agency’s advice is followed.  
Whilst the Environment Agency is a statutory consultee on development proposed 
in proximity to a main river, in Flood Zones 2 or 3, * or in areas with critical drainage 
problems, it is not a statutory consultee in relation to sources of flooding other than 
rivers and the sea. Nor is it a statutory consultee on development in Flood Zone 1† 
even when such areas are identified as being at future risk of flooding from rivers 
and the sea due to the predicted impacts of climate change.   

Between 1 April 2019 and 31 March 2020, fewer than 5% of planning applications 
per year were approved against Environment Agency advice, which is 
comparable to previous years.24 During this time, 866 homes (~2.4% of new homes 
proposed in planning applications) were granted permissions against Environment 
Agency advice. This is up from less than 1% of new homes proposed in 2018-19.25 
Where local authorities wish to grant permission for major development‡ against 
Environment Agency advice, they are required to refer cases to the MHCLG 
Secretary of State. However, it is not clear if this process is always followed. Some of 
those developments built against Environment Agency advice could therefore be 
at significant risk now or in the future if advice to reduce flood risk has not been 
followed.  

The Environment Agency publish a list of flood risk objections.26 Local Planning 
Authorities also have an obligation under the Single Data List to report to Defra 
about planning permissions granted against Environment Agency advice.27 In 
2021, the Agency are planning to publish more information where local authorities 
have granted planning permission against their flood risk advice.28 

There is relatively limited building of new homes in Flood Zone 3. However, while it 
will not create a large present increase in flood risk, fundamentally, it still increases 
the exposure of people and buildings to current and future flooding in the event of 
a weakening of planning policy, defence breaches or fails, or future climate and 
population changes.  
Approximately 10% of land in England is classified as within Flood Zone 3 by the 
Environment Agency. In 2017-18, 9% (17,580) of new residential addresses were 
built in Flood Zone 3 (Figure 3.2), up from 7% in 2013-14.§ 29  

Whilst there is relatively limited building of new homes in Flood Zone 3, the 
Environment Agency’s Long Term Investment Scenarios calculate, based on 
population growth projections, and the resultant need for new homes, that 
England is likely to see almost double the number of properties in Flood Zone 3 - an 
increase from 2.4 million to 4.6 million - over the next 50 years.  

 

 
*   Flood Zone 2 covers areas with between a 1:100-year risk (1% annual probability) and 1:1,000-year risk (0.1% annual 

probability) of river flooding or between a 1:200-year risk (0.5% annual probability) and 1:1,000-year risk (0.1% annual 
probability) of sea flooding. Flood Zone 3 covers areas with a greater than 1:100-year risk (1% annual probability) of 
river flooding or a greater than 1:200-year risk (0.5% annual probability) of flooding from the sea. 

†   Flood Zone 1 covers areas with a less than 1:1,000-year risk (0.1% annual probability) of river or sea flooding. 
‡   Major housing development is where 10 or more homes will be provided, or the site has an area of 0.5 hectares or 

more.  
§   The effect of flood defences is not considered in this calculation. 

Between April 2019 and March 
2020, 866 homes (~2.4% of new 
homes proposed in planning 
applications) were granted 
permissions against 
Environment Agency advice. 

In 2017-18, 9% of new 
residential addresses were built 
in Flood Zone 3, up from 7% in 
2013-14. 
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This work suggests that as long as local planning authorities implement national 
planning policy effectively, the increase in future property damages from flooding 
should be relatively modest at 4%, compared to a scenario where there is no new 
development on the flood plain. However, if national planning policy or its local 
implementation is weakened, the outlook could be very different, with property 
damages potentially increasing by over 30% during this period. In addition, if 
building on the floodplain continues at this level the funding required to maintain 
existing, and to build new defences will continue to rise (See Section 3.2.1 for cost 
estimates).  

There is also concern that a spatial shift in flood zones as a result of climate change 
will result in more homes built over the last decade ending up in higher flood zones 
over their lifetime without further action.  
Analysis of new homes in Flood Zone 3 found a greater proportion of new 
development on the floodplain takes place in the most socially vulnerable 
communities (~1.5% greater).30  

One study has found that a disproportionately higher number of homes built in 
‘struggling or declining’ neighbourhoods between 2008 and 2018 are expected to 
end up in areas at a high risk of flooding over their lifetime as a result of climate 
change.31  

Figures for new addresses in Flood Zone 3, taking account of flood defences and 
the condition they are in have been published for the first time for 2017-18 (Figure 
3.2).*  
In 2017-18, 3% (5,860) of all new residential addresses were built in areas at risk of 
medium or high flooding within Flood Zone 3. While the yearly rates of new homes 
in flood zones have increased only moderately on the national level, differences 
between regions exist. For a few regions, there is little land within the region that is 
not on a floodplain so local authorities have few options but to build there in order 
to meet housing targets. It is not known if these developments are being built with 
appropriate protection measures in place for current and future flood risk (for 
example at the property level – see Section 3.2.5).  

  

 
*   Land assessed as having a chance of flooding from rivers and the sea presented in categories taking account of 

flood defences and the condition, they are in. High Risk: each year, there is a chance of flooding of greater than 1 
in 30 (3.3%). Medium Risk: each year, there is a chance of flooding of between 1 in 30 (3.3%) and 1 in 100 (1%). 

In 2017-18, 3% of all new 
residential addresses were built 
in areas at risk of medium or 
high flooding within Flood Zone 
3. 
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Figure 3.2 Proportion of new residential addresses 
created in National Flood Zone 3, 2013 – 2018  
 

 

Source: MHCLG (2020) Land Use Change Statistics (LUCS) residential address-based change table 2017-2018. 

 
The high number of static caravans located along the eastern coastline of the UK 
are particularly vulnerable to current and future coastal flood risk.  
During 2020 there were applications to extend occupancy rights of caravan sites 
at high risk of coastal flooding, running the risk of creating permanent settlements 
in locations which would not normally receive planning permission. Any 
development will increase risk if it allows people to occupy caravans in high risk 
areas over winter months when coastal flooding is more likely: 

• Updated flood projections for the third UK Climate Change Risk Assessment 
show that the expected annual damages from coastal flooding in eastern 
regions of England is projected to increase by 50% over the next 30 years, 
even with the benefit of current flood mitigation plans. * 32  

• Static caravans are more vulnerable than permanent dwellings during a 
flood, not least because they provide no upper floor refuge, and are prone 
to movement, damage or even collapse in flood events.  

• Static caravan owners or occupiers may be less familiar with an area if they 
are not permanent residents, and therefore they could be less aware of 
potential flood risks, flood mitigations or evacuation routes.  

 

 

 

 
*   Assuming 4C scenario with low population and including direct and indirect damages.  
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3.2.3 Surface water flood alleviation 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score - medium 

• The plan score has improved. Progress has been made in bringing together a policy
statement and long-term strategy to support action on flood and coastal risk
management, including surface water flooding. The FCERM Strategy puts in place
measures that will allow for climate adaptation, seeking to better prepare for a 2°C
rise in global temperature, as well as planning for higher scenarios, such as a 4°C
rise in global temperatures. The new FCERM Strategy has several commitments for
the Environment Agency to work with Ofwat, water companies and other Risk
Management Authorities to improve resilience to surface water and drainage flood
risks and encourage long-term adaptative planning. Actions mostly draw on 
building up guidance and re-committing to previous actions. All LLFAs now have
surface water flood management strategies published but there has still not been
an assessment of the quality and consistency of those plans.

Risk management score - medium 

• The risk management score remains the same. A third of recently completed
FCERM schemes are focussed on surface water flood risk management. Water
companies are investing in reducing risk of sewer flooding to homes and money is
being invested to improve forecasting and maps of risk. However, the number of
properties at risk of surface water flooding is projected to increase, even with
adaptation action. Better data on sewer capacity, number and type of SuDS being
installed and collection of information of surface water incidents is needed.

5 

Summary of 2019 report score 

In our last report, surface water flood alleviation scored a 2 (low plan score, 
medium risk management score).  
Our 2019 report highlighted that the systems for managing surface water flood risk 
are fragmented but plans and processes are coming together. However, climate 
change is missing from those plans. On progress in managing risk, our previous 
report highlighted that water companies are investing in retrofitting sustainable 
drainage systems (SuDS) for some existing homes. However, limited capacity in the 
sewer network means that the significant increase in surface water flood risk that is 
projected is unlikely to be managed adequately based on current action.  

Has the plan score changed? 

Yes. The Committee’s assessment suggests progress has been made in bringing 
together a long-term plan to support action on flood risk management, including 
surface water flood risk.  

Progress summary – Surface water flood alleviation 

Notes: See annex for full datasets 
Key Indicators: Area of permeable and impermeable land within all urban areas in England, Number of people and properties at risk of surface water 
flooding (for return period of 1/30 or 1.33% per year), Number, type and location of SuDS installations in new builds and retrofits (not yet available), Metrics 
of sewer network capacity and spills as outlined in Water UK’s Capacity Assessment Framework (not yet available), Water company investment in 
retrofitting SuDS (not yet available), Number of people or properties benefitting from SuDS (inc. green infrastructure) (not yet available), Number and cost 
of surface water flooding events (not yet available). 
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The Government has produced a Policy Statement on FCERM supported by the 
Environment Agency’s updated long-term FCERM Strategy (see chapter 
introduction). The FCERM Strategy puts in place measures that will allow for climate 
adaptation, seeking to better prepare for a 2°C rise in global temperature, as well 
as planning for higher scenarios, such as a 4°C rise in global temperatures.  

The new FCERM Strategy has several commitments for the Environment Agency to 
work with Ofwat, water companies and other Risk Management Authorities to 
improve resilience to surface water and drainage flood risks and encourage long-
term adaptative planning. In terms of surface water flooding, actions mostly draw 
on building up guidance and re-committing to previous actions, for example: 

• The Environment Bill will require water companies to develop Drainage and 
Wastewater Management Plans33 by end of 2022 to improve drainage and 
environmental water quality. Climate change should be a key component 
considered within water company drainage plans. The 21st Century Drainage 
Programme Capacity Assessment Framework sets out the need to use a range 
of climate scenarios.34 The publication of these may improve the score for the 
2023 Progress Report, although it is important that other Risk Management 
Authorities feed into the plans.  

• Water companies will invest more than £1 billion between 2020 and 2025 to 
protect the environment, homes, business and drinking water from flooding, 
and have committed to reducing sewer flooding incidents.  

The Policy Statement commits to taking forward the actions in the Surface Water 
Management Plan and publishing an update on progress made to implement the 
plan for spring 2021.35 Actions include working with lead local flood authorities 
(LLFAs) to develop guidance to set out the best practice for local flood defence 
management and record keeping.  

An independent review of the arrangements for determining responsibility for 
surface water and drainage assets was published in May 2020.36  
The Government agreed to implement 12 of the recommendations in order to 
make responsibility for surface water and drainage assets more efficient, 
straightforward and effective which is a positive step, although it will be important 
to see these recommendations put into action. Recommendations include those 
which aim to improve clarity over roles and responsibilities, ensure flood 
investigation reports consider the views of residents and businesses and that lessons 
learned are shared widely. It also recommends that better advice is made 
available to homes and businesses at risk of surface water flooding to help them 
improve their own protection and resilience. The actions should build upon those in 
the FCERM Strategy and Policy Strategy and the Surface Water Management 
Action Plan.37  

As reported in 2019, all LLFAs now have surface water flood management 
strategies published. However, there has still not been an assessment of the quality 
and consistency of those plans.  

Has the risk management score changed? 

No. The evidence available on managing risk remains the same as in 2019.  
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Around 30% of FCERM schemes are focussed on surface water flood risk 
management and water companies are investing in reducing risk of sewer flooding 
to homes. 
The data linked with the Environment Agency’s six-year FCERM programme show 
that 54 (31%) of the 176 schemes completed between April 2019 and March 2020 
aimed to better protect people and homes from surface water flooding. This is up 
from April 2017 to March 2018 when 24% of schemes were for surface water flood 
management.38 In April 2020, the Government announced changes to how the 
Government funding is allocated to flood projects including the introduction of a 
new risk category which will enable schemes that prevent surface water flooding 
to qualify for more funding.39 

The Environment Agency publishes an annual report on the environmental 
performance of the nine water and sewerage companies operating mainly in 
England. Between 1 April 2019 and 31 March 2020, water companies invested:40 

• £132 million to reduce the risk of sewer flooding to homes (down from £187 
million in 2018-19). 

• £300 million to maintain the public sewer system to prevent blockages and 
flooding (up from £288 million in 2018-19 and £111 million in 2017-18). 

• £2 million in property-level measures to reduce the risk of sewer flooding in 
homes (down from £4.7 million in 2018-19). 

Money is being invested to improve forecasting and produce new maps of risk. 
The Surface Water Management Action Plan has invested £2 million since April 
2019 to enable lead local flood authorities (LLFAs) to update their flood risk maps - 
covering over 1500km2, which includes just under 225,000 properties and 2.7 million 
people at risk of flooding. The FCERM Strategy says that by 2024 the Environment 
Agency will produce a new national assessment of flood risk that will help places 
better plan and adapt to future risks from flooding from rivers, the sea and surface 
water. This should help improve the ability to assess vulnerability changes. 

£1.2 billion is also being invested to improve severe weather and climate 
forecasting which will help to more accurately predict storms that lead to flash 
flooding.41 The release of higher resolution data as part of the latest update to the 
UK Climate Projections should also enable improvements to research on future 
changes in the frequency, intensity and spatial distribution of the severe storms that 
often drive surface water flooding.  

The updated flood risk project for the third CCRA highlighted that around 420,000 
properties are currently at significant risk from surface water flooding in England.42  
Projections show that even under an extended adaptation scenario* with low 
population rise, the number of properties at significant (1/30 year, or 3.3%) risk will 
increase by 59% by 2050, and 83% by 2080 under a scenario of a 2˚C global 
temperature rise. This increases further under a 4˚C scenario with an increase of 
91% by 2050 and 137% by 2080s.  

Research for the CCC found that across all flood risk levels, the south-east has a 
high percentage of properties at risk of surface water flooding, although all parts 
of the country are at risk (Figure 3.3).  

 
*   This ‘current objectives+’ scenario goes beyond the current implementation of policy (and recently introduced 

policy) to represent an enhanced whole system approach to adaptation (i.e. implementation is in-line with the 
higher level of ambition).  

31% of the 176 schemes 
completed between April 2019 
and March 2020 aimed to 
better protect people and 
homes from surface water 
flooding.  

The number of properties at 
significant (1/30 year, or 3.3%) 
risk will increase by 59% by 
2050, and 83% by 2080 under a 
scenario of a 2˚C global 
temperature rise. 
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There remains a need for better data on sewer capacity, asset management and 
standards, SuDS and collection of information on surface water incidents.43  

A co-ordinated approach to identifying, incentivising and managing opportunities 
for installing retrofit SuDS is also required. This should ensure they are not missed and 
that relevant parties fully understand how SuDS can help them to achieve their 
own objectives, for example by sharing the cost of the scheme or by qualifying for 
a reduction in sewerage charges. 

Figure 3.3 Percentage of properties in each Local 
Authority with a 3.3% (a), 1% (b) and 0.1% (c) 
probability of flooding from surface water in 
England. 

 

 

 
Source: ADAS for the CCC (2021) Research to update indicators of climate-related risks and actions in England. 
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3.2.4 Development and surface water flood risk 

2019 score:  What has changed since 2019: 2021 score: 

1 Plan score - low 

• The plan score remains the same. There is no plan to address development and
surface water flood risk which takes into account a 2°C rise in global temperature,
with consideration of 4°C. The planning system has inherent issues for dealing with
surface water and ensuring that multi-beneficial SuDS are installed. Planning
Practice Guidance and non-statutory SuDS standards have not yet been updated.

Risk management score - low 

• The risk management score remains the same. Surface water flooding remains a
concern in new developments due to the rising level of risk in a changing climate.
Homes are being built in areas at risk of surface water that may not have had any
expert flood mitigation advice. The data that could show whether the planning
system is reducing risk are not collected and there are no other indications that
such a reduction is happening. The proportion of urban areas made up of
impermeable surfacing, has increased since 2001, but remained stable since 2018.

1 

Summary of 2019 report score 

In our last report, development and surface water flood risk management scored a 
1 (low plan score, low risk management score).  
Our 2019 report found that there are no plans or processes that ensure new 
development in areas of surface water flood risk does not increase overall 
exposure or vulnerability. On progress in managing risk, our previous report 
highlighted that there is little evidence that ‘green’ sustainable drainage systems 
are deployed in new developments and that practitioners had little confidence 
that this was taking place.  

Has the plan score changed? 

No, the score remains the same.  

The planning system has inherent issues for dealing with surface water and 
ensuring that SuDS are installed. Although wording has been strengthened in the 
National Planning Policy Framework and the uptake of sustainable drainage 
systems has improved in recent years, the installation of high-quality SuDS that 
deliver multiple environmental benefits may still be insufficiently incentivised.  
In 2019, the Committee recommended that the National Planning Policy 
Framework (NPPF) and planning practice guidance (PPG) should be updated to 
ensure that Sustainable Drainage Systems (SuDS) installations maximise their impact 
in terms of flood risk reduction and their co-benefits, such as biodiversity and 
amenity value. This could be done by aligning the NPPF and PPG with the aims of 

Progress summary – Development and surface water flood risk 

Notes: See annex for full datasets 
Key Indicators: Area of permeable and impermeable land within all urban areas in England, The number of properties built in areas of surface water flood 
risk (not yet available), Number, type and location of SuDS installations in new builds and retrofits (not yet available) 
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Schedule 3 of the Flood and Water Management Act (2010). * In 2020 the 
Committee again made similar recommendations.44  

In its response, the Government acknowledged the importance of encouraging 
natural flood management approaches, such as green sustainable drainage 
systems (SuDS), to ensure flood risk is managed effectively locally and nationally. 
MHCLG committed to publishing a revised PPG clarifying how green SuDS can 
reduce impacts of flooding and deliver additional benefits for biodiversity and the 
environment and set out how new drainage systems must comply with the 
Environment Agency’s climate change allowances for rainfall intensity.45 As yet, 
there have been no updates to the PPG, where issues of ‘grey’ vs ‘green’ SuDS, 
their adoption and wider benefits of green infrastructure could be dealt with more 
explicitly than in the NPPF. Also, Schedule 3 of the Flood and Water Management 
Act that sets out SuDS standards, an approval process, rules on adoption and 
changes to the right to connect to public sewers, was never enacted nor its 
requirements aligned with planning policy.  

Several local authorities have produced their own guidance and standards to be 
followed, but nation-wide standards defining how to implement SuDS are currently 
non-statutory, only apply to developments of 10 or more properties and do not 
promote green SuDS. Defra has commissioned research to explore whether 
updating the Non-statutory Technical Standards for SuDS (NSTS) could help deliver 
SuDS that provide multiple benefits beyond managing surface water runoff, 
contributing to improved climate adaptation, health and wellbeing and better 
places and spaces.46 The research also considers what the requirements to update 
the standards for the integration of high-quality multiple benefit SuDS might be.47 
The research report is due to be published in 2021. 

The Government’s Storm Overflows Taskforce, set up to eliminate harm from storm 
overflows, will consider a number of drainage issues, such as Sustainable Drainage 
Systems, including Schedule 3, and section 106 of the Water Industry Act 1991—
right to connect to the public sewer. The taskforce will be reporting to Government 
in summer 2021.48 

Recommendation 

To address the issue of increased risk of surface water flooding in new developments, 
commit to ensuring that new developments do not put more water into the public sewers 
than what was there before, taking into account climate change. To incentivise this, end 
the automatic right to connect to the public sewer; planning reforms should enact 
Schedule 3 of the Flood and Water Management Act (2010); and technical SuDS 
standards should be made mandatory and be updated to deliver SuDS that provide 
multiple economic, social and environmental benefits. 

Department: MHCLG, Timing: 2022. 

 
New rules (April 2020) mean that SuDS elements such as swales, basins, 
soakaways, and ponds, are officially recognised as ‘surface water sewers’ and can 
be adopted by water and sewage companies in England.49  
Sewers For Adoption will support water companies to take on responsibility for 
these types of measures. However, it doesn’t cover all type of SuDS features and is 
confined by what is defined as a sewer (e.g. permeable paving is not covered).  

 
*   Schedule 3 of the Flood and Water Management Act (2010), would require all new developments to include SuDS 

features that comply with national standards. 
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There are a range of other plans and policies that provide an opportunity for 
surface water flood resilience and other wider benefits by improving and 
increasing green space and green infrastructure.  
It is not clear whether the steer in recent and upcoming policies to undertake more 
urban greening are being fully realised or taken up by developers yet.  

• The Environment Bill: If enacted, will require developers to deliver at least a 
10% improvement in biodiversity value (biodiversity net gain). This could be 
through a green roof or an on-site nature reserve, which could also act as a 
means of sustainable drainage, adjacent to a new housing development.  

• Net Zero: Policies to reduce greenhouse gas emissions and improve air 
quality may also provide natural flood risk management in urban areas (see 
Chapter 2). For example, increased tree planting and green spaces for 
safer pedestrian and cycling access routes.   

• Green Recovery: The Natural Capital Committee has highlighted the 
importance of access to green space. It can be beneficial to health and 
well-being, in terms of physical and mental health but also by reducing 
urban heat islands (see Section 3.5.1).50  

• Sewage Inland Waters Bill: Proposed mitigation for sewage spills (such as 
nature-based solutions to manage water flow) could also lead to increased 
flood mitigation. 

Has the risk management score changed? 

No. The evidence available on managing risk remains the same as in 2019.  

The data that could show that the planning system is reducing risk are not 
collected and there are no other indications that such a reduction is happening.  
It remains unclear how much preference is being given to ‘green’ sustainable 
drainage systems (SuDS) in new developments. There is no readily available 
national dataset on the number of planning applications in areas at risk of surface 
water flooding, nor the impact of any advice given to developers and no 
monitoring of the uptake of SuDS. This means it is not possible to assess the 
effectiveness of current planning policy and whether ‘green’ SuDS are being 
installed.  

Recommendation 

To help improve the information on SuDS and surface water flood risk, urgently begin 
collecting data on sewer capacity and SuDS location, type and capacity. This would 
bring the level of information in line with that for river and coastal flood risk defences. 

Department: MHCLG, Timing: 2021. 

 
Homes are being built in areas at risk of surface water that may not have had any 
expert flood mitigation advice. There remain no statutory consultees (such as the 
Environment Agency) for assessing major new developments in areas at risk of 
surface water flood risk.  
Between 2013 and 2018, around 23,000 new properties were built in areas at 
medium or greater risk of surface water flooding (1 in a 100 chance of flooding 
each year). 51 Environment Agency analysis added a 5m buffer around these at risk 
areas as an indication of likely increases in flood risk due to climate change, and 
to take account of errors in mapping.  

Between 2013 and 2018, 
around 23,000 new properties 
were built in areas at medium 
or greater risk of surface water 
flooding (1 in a 100 chance of 
flooding each year) 
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Including the buffer, this increases the number of properties to around 67,800, 
approximately 6.7% of new addresses between 2013-2018.  

Given the lack of a statutory planning consultee on development in areas at risk 
from surface water flooding, there is a high likelihood that a significant proportion 
of these homes will have been granted planning permission without appropriate 
expert advice, and may therefore not incorporate the flood mitigation measures 
needed to make the development safe and resilient over its lifetime. 

Recommendation 

The consultation process for surface water flood risk must be improved. This should be 
done by adding statutory consultees for all development type and sizes. Consultees must 
have the appropriate skills to provide advice on surface water flood mitigation. Ensure 
that local authorities fully justify planning decisions where applications can proceed 
either without or going against formal flood risk mitigation advice. 

Department: MHCLG, Timing: 2022. 

 
The total area of impermeable surfaces in urban locations has increased since 
2001.52  
The CCC’s previous indicator showed an increase in impermeable areas from 
477,000 hectares in 2001 to 621,000 hectares in 2018, remaining constant from then 
to 2020. The impermeable fraction of the total urban area increased from 37% in 
2001 to 45% in 2020.  

The CCC now has access to an improved indicator (which includes larger areas of 
greenspace within cities and towns, not captured in the original indicator). Data 
from this indicator is only available since 2016. The new indicator shows that:  

• Impermeable surfaces have increased 1% between 2016 and 2020. This 
increase is made up of a 4% rise in manmade surfaces (making up 75% of 
total impermeable area in 2020) and a 7% fall in multiple surfaces that are 
impermeable, such as partially paved domestic gardens and road verges, 
for example (making up 25% of total impermeable area in 2020).  

• Since 2018, the overall impermeable area fraction has remained stable at 
40% of the total urban area. 

Research for Yorkshire Water has assessed the impact of reducing impermeable 
areas in 10 catchment areas.53 It found that reducing impermeable surfacing can 
help reduce future flood risk, but that other interventions will also be required.  
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3.2.5 Property-level flood resilience (PFR) 

2019 score:  What has changed since 2019: 2021 score: 

3 Plan score - medium 

• The plan score remains the same. There has been progress in planning for how to
increase the uptake of PFR. New measures in the FCERM strategy and a new Code
of Practice, and proposed amendments to the Flood Re Scheme if implemented
should all have a positive impact on the uptake and effectiveness of PFR. However,
there remains a need for targets for large-scale implementation of PFR measures,
with effective monitoring and evaluation built in. 

Risk management score - low 

• The risk management score remains the same. The current rate of PFR
implementation remains low and could leave many homes vulnerable to flooding
that would benefit from PFR.

3 

Summary of 2019 report score 

In our last report, property-level flood resilience (PFR) scored a 3 (medium plan 
score, low risk management score).  
Our 2019 report identified important aspirations outlined by Defra in their PFR 
Action Plan and work by Flood Re and others on approaches to encourage 
homeowners to put PFR in place, such as a Code of Practice and Certification 
Scheme. However, there were no clear plans for targets for large-scale 
implementation and PFR plans did not consider interventions in the context of 
climate changes of any magnitude. 

The rate of PFR implementation was low when compared to indicative analysis 
from the Environment Agency’s latest flood risk investment analysis. 

Has the plan score changed? 

No, the plan score for PFR remains medium. There has been positive progress, but 
to improve this score, targets for large-scale implementation of PFR need to be set 
out with effective monitoring and evaluation built in.  

The Environment Agency’s FCERM Strategy aims to mainstream PFR measures and 
encourage homes and businesses to build back better after flooding. An Action 
Plan published in May 2021 has provided further details on progress and planned 
action. 
The FCERM Strategy sets a strategic objective that between now and 2040, risk 
management authorities will work with the finance sector and other partners to 
mainstream property flood resilience measures and to ‘build back better’ after 
flooding.54 This objective is supported by two measures. The first measure is that 
from 2021, risk management authorities will work with the finance sector, Flood Re 
and the property flood resilience industry to increase the uptake of property flood 
resilience measures in communities at highest risk.  

Progress summary – Property-level flood resilience (PFR) 

Notes: See annex for full datasets 
Key Indicators: Number of homes that would benefit from PFR, Number of homes installing PFR per year. 

2468  



139 Climate Change Committee 

The second measure is that by 2025 the Environment Agency will work with 
government and other partners to tackle the policy, financial and behavioural 
barriers to mainstreaming property flood resilience measures and ‘building back 
better’ after flooding.  

Government is also investing £3 million to support three regional property flood 
resilience pathfinder projects to learn lessons which could be applied more widely. 
This is supporting new research initiatives, demonstration centres and advice 
portals that will help local communities in Yorkshire, the Oxfordshire to Cambridge 
Arc, and Devon and Cornwall, to learn about the benefits of installing property 
flood resilience measures in their homes.  

In May 2021 the Environment Agency published an Action Plan which provided 
further detail on the progress made against measures in the FCERM Strategy as 
well as planned further action up to April 2022.55 The planned actions for PFR 
included: 

• In July 2021, the Environment Agency will publish additional research to fill 
PFR knowledge gaps. 

• By summer 2021, the Association of British Insurers (ABI), the British Insurance 
Brokers Association and Flood Re will publish a new specialist directory of 
brokers and insurers to support customers that are unable to get flood 
insurance cover.  

• By November 2021, the Environment Agency will launch a new PFR 
Framework of suppliers. 

• By December 2021, the Environment Agency and Chartered Institution of 
Water and Environmental Management (CIWEM) will support the PFR 
industry to develop a system of independent PFR training and 
accreditation. 

• By March 2022, the National Flood Forum and the Environment Agency will 
publish lessons learnt on the measures needed to install property flood 
resilience. 

• By April 2022, the Environment Agency will develop a bespoke tool for 
better valuing the economic benefits of PFR to local communities. 

The Government’s FCERM Policy Statement committed to several actions to 
improve the uptake of PFR among homes at high risk of flooding. 
The Government published a Policy Statement on Flood and Coastal Erosion Risk 
Management in July 2020.56 This included a commitment to explore ways to 
provide greater clarity about the use and effectiveness of property flood resilience 
measures for homes and businesses at high risk of flooding, including how the 
benefits can be recorded. It stated that Government would build on the three 
regional pathfinder projects to boost uptake of PFR, including through 
Government’s new £200m innovative resilience fund. It also announced plans to 
consult on improvements to the efficiency and effectiveness of the Flood Re 
scheme to encourage greater uptake of PFR among households at high risk of 
flooding across the UK, which has since been published. 

 

 

In May 2021 the Environment 
Agency published an Action 
Plan which provided further 
detail on the progress made 
against measures in the FCERM 
Strategy as well as planned 
further action up to April 2022. 
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The Government has consulted on changes to the Flood Re Scheme to increase 
the uptake of PFR. The current regulations underpinning the scheme are preventing 
Flood Re from creating incentives for an acceleration of uptake of PFR, which the 
consultation is aiming to rectify.  
Based on proposals in Flood Re’s Quinquennial Review published in 2019, the 
Government published a consultation in 2021 on amendments to the Flood Re 
Scheme.57 These proposals included: 

• The ability for Flood Re to offer discounted premiums to households that 
have fitted property flood resilience measures, such as airbrick covers or 
non-return valves. 

• Building an evidence base on the uptake and impact of PFR and, if 
suitable, using the data to stimulate the insurance industry to take account 
of reductions in damages due to PFR.  

• The ability for Flood Re to reimburse insurers, and in turn property owners, up 
to £10,000 to build back better in order to reduce the future risk of the 
property flooding and/or the cost of repair. 

• Enabling Flood Re to spend any surplus it accrues (beyond what it requires 
to operate and meet its regulatory requirements) on further activities to 
support the transition to a risk reflective home insurance market, including 
accelerating the uptake of PFR. 

• Further reducing the cost of its cheapest premiums to ensure it is affordable 
for low income households. 

These proposals would allow better use of Flood Re’s funds to address some of the 
barriers that contribute to the slow rate of PFR installation, detailed in the section 
below. A review of Flood Re’s Quinquennial Review by the Government Actuary’s 
Department (GAD) found that ‘based on the modelling and wide range of 
scenarios, the financial elements of the QQR recommendations are affordable.’58  

Defra has also published a call for evidence on local factors in managing flood 
and coastal erosion risk and Property Flood Resilience.59 The consultation suggests 
that a number of enablers need to made effective to increase the uptake of PFR. 
Respondents were asked to provide their views on enablers such as: financing and 
incentives, planning policy, building regulations and standards, training and 
technical expertise, evidence and data sharing and communication and 
understanding. 

As a result of their 2020 ‘Bricks and Water’ inquiry, Policy Connect and Westminster 
Sustainable Business Forum recommended that ‘given the limited uptake of 
property flood resilience measures and continued development within the 
floodplain, Government should either extend the Flood Re scheme to cover 
residential buildings constructed after 1st January 2009, or put in place an 
alternative scheme. This should be evaluated as part of the ongoing Blanc review 
into flood insurance.’ The Inquiry also recommended that performance targets 
should be included in the forthcoming Future Homes Standard. 
 
The Blanc review of flood insurance in Doncaster (following the flooding that took 
place in November 2019) found some gaps in existing coverage.60 The review 
found significant differences between owner-occupiers and tenants; with most 
tenants being poorly protected. In addition, 6% of buildings insurance and 6.5% of 
contents insurance for owner-occupiers did not cover flooding. The review made a 
series of recommendations including for Defra to carry out a larger survey of the 

New proposals from 
Government would help 
address some of the barriers 
that contribute to the low rate 
of PFR installation if 
implemented. 
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proportion of buildings and contents insurance policies that do not cover the risk of 
flooding. It is important that measures to address gaps in insurance coverage are 
consistent with achieving an increase in the uptake of PFR. 

A new Code of Practice and guidance for PFR has been published. A new report 
has also assessed that Flood Performance Certificates would help address barriers 
to PFR and help increase the rate of installation. 
A Code of Practice and guidance for property flood resilience was developed by 
Kelly et al. and published by the Construction Industry Research and Information 
Association (CIRIA) in 2020.61 It contains six standards covering requirements for 
stages from hazard assessment to operation and maintenance, and acts as a PFR 
benchmark. The guidance notes that risks to the property may increase due to 
factors such as urbanisation and climate change, and that to ensure a level of 
protection for a property, PFR measures need to be operated and maintained 
following the guidance provided in a handover pack.  

Policy Connect and Westminster Sustainable Business Forum also recommended in 
their 2020 ‘Bricks and Water’ inquiry that Part C of the Building Regulations should 
be updated to require all properties at risk of flooding to include property flood 
resilience measures and that these measures should be specified and installed in 
accordance with the industry Code of Practice for property flood resilience. 

Flood Re commissioned WPI Economics to produce a report on Flood Performance 
Certificates which was published in December 2020.62 This is a document for the 
homeowner and any potential purchasers or renters of the property which sets out 
the severity of its flood risk and steps that could be taken to mitigate the risk. The 
report assesses that this would help address existing barriers and provide greater 
incentives for improving household resilience. It also suggested that following 
consultation and supporting legislation, a scheme could be opened in 2022 and 
made mandatory towards the end of the decade. 

Research on applying behavioural insights to property flood resilience was 
published by the Environment Agency in September 2020 as part of the FCERM 
R&D Programme.63 The project identified several factors such as adoption among 
peers, removing points of ‘hassle’ in the process and referencing social norms in 
messaging, which could be taken into account to help increase the uptake of PFR. 

The Government also extended its grant scheme in 2020 to help flood-hit homes 
and businesses make properties more resilient to future flooding.  
In September 2020 the Government also announced the extension of the £5,000 
grant scheme available to those affected by flooding in the winter of 2019/20 to 
take into account delays to repair work and the additional pressures placed on 
local authorities by the COVID-19 pandemic.64 The grants of up to £5,000 are a 
contribution towards making a property more resilient to future flooding, such as 
putting in flood doors and raising electrics from ground level. Flood-hit homes, 
businesses and charities in communities with over 25 properties flooded were 
eligible to apply. It remains at Government’s discretion as to whether this or similar 
grant schemes are activated after future flooding events. 

Has the risk management score changed? 

No, the risk management score for PFR remains low. While the positive 
developments detailed in the ‘Has the plan score changed?’ section should 
increase the uptake of PFR, the most recent data on installation rates still suggest 
that many homes that could benefit from PFR would not have it installed for a long 
time. This rate needs to increase and be measured against an explicit target for the 
score to improve. 

Flood Performance Certificates 
for property owners could be 
made mandatory in the future 
to help increase PFR uptake.  
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The current rate of PFR installation is approximately 500 to 2,000 homes per year 
based on limited data. The estimate of 500 homes is based on data sourced from 
the Environment Agency’s programme of PFR schemes for 2015/16 to 2020/21.65 

The estimate of 2,000 homes per year is based on a statement by Defra in its 2021 
call for evidence that there have been around 23,000 publicly funded installations 
of PFR since 2008, which includes residential and non-residential properties.  

It is difficult to get an accurate number of installations because: a) centrally 
funded schemes don’t necessarily report how many properties are adapted; b) 
recovery grants issued following flood events may or may not be used for PFR; and 
c) individuals may install PFR measures independently of any Government funding 
scheme. Given that, according to the response to 2018 parliamentary question, 
over 11,000 recovery grants were approved in 2015/16 alone it is likely that the 
data sourced from the Environment Agency’s programme of PFR schemes 
underestimates the current rate of PFR installation.66 This highlights the need for 
better data collection in this area.  

Although the data are limited, the current rate of installation could leave many 
homes vulnerable to flooding that would benefit from PFR.  
In the FCERM strategy, the Environment Agency states that ‘The long-term 
investment scenarios show the potential for an estimated 200,000 homes in 
England to be fitted with property flood resilience over the next 50 years.’ The 
figure of 200,000 homes is an approximation and requires more robust information 
on flood depths to give a more accurate estimate of where PFR needs to be 
installed. However, it gives an idea of the scale of the challenge given the current 
rates of installation. There are a range of options which communities can consider 
to increase resilience, but PFR presents a significant opportunity to reduce the 
numbers of properties which are vulnerable to the impacts of flooding.  

Alongside better data collection this highlights the need for targets for large-scale 
PFR implementation to assess whether actions are proving effective and to monitor 
progress. There is an opportunity for the updated long-term investment scenarios in 
2025 to make use of the richer information in the new national flood risk assessment 
to provide better evidence about the potential for PFR installation. This evidence 
should be used to set smart targets with timescales. 

Recommendation 

Work with the Environment Agency to set out the measures being taken to improve the 
uptake of property-level flood resilience (PFR) following stakeholder responses to its PFR 
call for evidence and consultation. This should include improved data collection to 
monitor progress. Plans for the new national flood risk assessment and 2025 long-term 
investment scenarios must ensure that the evidence they provide can be used to identify 
the most effective locations for PFR, and smart targets for their installation with timescales. 

Department: Defra, Timing: 2022. 

 

 

 

 

 

The current rate of PFR 
installation is approximately 500 
to 2,000 homes per year based 
on limited data. 
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3.2.6 Capacity to recover from flooding 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - medium 

• The plan score remains the same. Local resilience forums have developed response 
and recovery plans for flooding, and there is now evidence that most LRFs include
climate change in local plans and risk registers. It is not known if local authorities
have considered how they will manage the long-term recovery of people and
communities who have been flooded. The FCERM Strategy sets a commitment for
people to receive the information and support they need to prepare and respond
to flooding and coastal change by 2030.

Risk management score - medium 

• The risk management score remains the same. The Government can provide
financial assistance for homes which are flooded, and at-risk homes built before
2009 remain insurable through the Flood Re scheme. However, the time it takes to
recover from flooding and return home is based on several complex factors and
there can be significant impacts to health and well-being due to flooding. There
remains no available national data that allow an assessment of risk or the
proportion of homes or businesses that have insurance. Environment Agency figures
show that the number of people signed up to the flood warning service in England
has increased.

5 

Summary of 2019 report score 

In our last report, capacity of people and communities to recover from flooding 
scored a 5 (medium plan score, medium risk management score).  
Our 2019 report found that Local Resilience Forums have developed response and 
recovery plans for flooding based on present-day risk but did not consider how the 
risk from flooding might be changing now due to climate change. On progress in 
managing risk, our previous report highlighted that repair and renew grants are 
available from MHCLG for selected flood events. In severe flood events, insurance 
claims can take up to a year to settle which has a significant impact on recovery 
time and well-being of those affected, but more data was needed to understand 
rates of recovery.  

Has the plan score changed? 

No, the score remains the same.  

Progress summary – Capacity of people and communities to recover from flooding 

Notes: See annex for full datasets 
Key Indicators: Number of flood warnings by type, Flood warning registrations, Mental health impacts from flooding, Number of homes installing PFR per 
year, Properties that have flood insurance (not yet available), Number of successful insurance claims within x time of flooding (not yet available), Uptake 
of/spending on flood recovery grants (not yet available), Length of time people are out of their homes following flooding (not yet available). 
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The FCERM Strategy (Box 3.1) sets a commitment for people to receive the 
information and support they need to prepare and respond to flooding and coastal 
change by 2030. 
This includes the following actions: 

• From 2020 the Environment Agency will continue to work with Local 
Resilience Forums to develop flood plans that better coordinate preparing 
and responding to incidents.  

• By 2022 the Environment Agency will have expanded its flood warning 
service to all places at high risk of flooding and coastal change from rivers 
and the sea.  

• By 2023 the Environment Agency will work with partners to transport its 
warning and information services to better reach people living, working or 
travelling through flood risk areas.  

• By 2025 risk management authorities will support people living in places at 
high risk of flooding and coastal change to set up flood groups, where they 
are wanted, and to develop and test local flood plans.  

The Government’s Policy Statement commits to supporting communities, including 
when flooding happens and during recovery afterwards. This includes undertaking 
a full review of the Flood Recovery Framework (at the time of writing this is 
underway) to improve its effectiveness, evaluating the most recent Property Flood 
Resilience Recovery Support Scheme, and supporting the voluntary sector to 
improve their capacity and capability to help local communities in the event of a 
flood.  

Once implemented these steps should help towards improving future scores.  

Local Resilience Forums (LRFs) have developed response and recovery plans for 
flooding based on present-day risk, and there is now evidence that LRFs include 
climate change in local plans and risk registers. LRF’s feel like they are better 
prepared for river and coastal flooding compared to surface water flooding.  
A survey of Local Resilience Forums found that most responders included climate 
change in Local Resilience Plans and/or Risk Registers to some extent (see Section 
3.6). * The survey also found that several LRFs felt like they were prepared for river 
and coastal flooding due to increased knowledge and experience of dealing with 
events previously and the availability of forecasts. Responders however, did not 
feel as prepared for surface water flooding events. The reasons provided included 
that surface water flooding is more difficult to forecast, and impacts can occur in 
areas not previously impacted or covered by flood warnings.  

It is not known if local authorities have considered how they will manage the long-
term recovery of people and communities who have been flooded. As recently 
recommended by the EFRA Committee, the Government needs to develop a 
properly resourced action plan with local partners for the long-term physical, 
economic, and psychological recovery of communities impacted by flooding.  

Has the risk management score changed? 

No. The evidence available on managing risk remains the same as in 2019.  

 
*   Based on results of CCC survey of Local Resilience Forum. There are 38 LRFs in England. 17 LRFs responded to the 

survey, representing 45% of all LRFs in England. 
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Impacts from flooding on health and well-being remain.  
One of the greatest burdens of ill health from flooding is likely to be due to the 
impacts on mental health. Research has found that after one year following a 
flood, the prevalence of probable depression amongst homes flooded was 20.1%, 
anxiety 28.3% and PTSD 36.2% (Figure 3.4). 67 This compares with the general 
prevalence of depression amongst adults in Great Britain of 10% in 2019/20 (before 
theCOVID-19 pandemic). 68 Three years after being flooded, mental health 
impacts still existed, although were reduced. Evacuation and displacement, 
particularly without warning, increases the risk of anxiety and post-traumatic stress 
disorder.  

The COVID-19 pandemic may add to the already significant impacts for those 
displaced from their homes due to flooding in 2020 and 2021. Displacement from 
flooding combined with dealing with the impacts of the pandemic (e.g. potential 
illness, economic challenges and social isolation) are likely to be considerable. The 
staff needed to help support flooded households may also have reduced 
capacity whist dealing with response to the pandemic.  

The costs of flooding to health services were calculated in a recent study.69 Costs 
were found to increase with depth of flood water inside the home. Costs increase 
from an average of £1,878 per adult per flood event with internal depths up to 
30cm, to £4,136 where the depth is more than 1m deep. 

In April 2020, the Government announced changes to its funding formula for flood 
defences, to include new evidence on the overall impacts of flooding, such as 
mental health and wellbeing.70  

Figure 3.4 Mental health outcomes after flooding 
 

 

 
Source: BMC Public Health (2020) The English National Cohort Study of Flooding & Health: psychological morbidity 
at three years of follow up; BMC Public Health (2018) The English National Cohort Study of Flooding & Health: the 
changes in the prevalence of psychological morbidity at year two; BMC Public Health (2017) The English National 
Cohort  Study of Flooding & Health: cross-sectional analysis of mental health outcomes at year one. 
Notes: The chart shows the prevalence of mental health outcomes after one, two- and three-years following 
flooding, for participants who either had their homes flooded, or were disrupted due to flooding. 

The costs of flooding to health 
services have been estimated 
at £1,878 per adult per flood 
event with internal depths up 
to 30cm, rising to £4,136 with 
depths more than 1m.  
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The time it takes to recover from flooding and return home is based on several 
complex factors.  
Recovery from flooding events is a combination of interacting factors, including: 
the depth of the flood water as well as duration of the flood; how contaminated 
the flood water is; the length of time it takes to dry out a property; having financial 
assistance, through insurance and grants, to repair and renew property; the 
availability of builders and other actors in the recovery process; having access to 
social support networks; and the medium- and long term strategies to return 
people to their homes and to manage the physical and mental health impacts.  

Alongside these, other factors are discussed elsewhere in this report, such as being 
well-protected where appropriate (see Sections 3.2.1 on flood alleviation and 3.2.3 
surface water flood alleviation); the effectiveness of the immediate emergency 
response (see Section 3.6); and having flood resilience measures in place to 
minimise impact (see Section 3.2.5).  

Further research and data collection are still required to understand the scale of 
this risk in terms of recovery time, how climate change will alter it, and what the 
most effective mix of social, economic and technical responses are to manage it 
in the future.  
Returning home from flooding can be a slow process, however monitoring is not 
routine or formalised (particularly in terms of contextual hazard data, such as 
depth and duration of flood), so the Committee cannot assess the differences 
between different flood events over time and whether recovery times are getting 
better or worse. It is important that monitoring begins to also identify the factors 
that cause the longest delays, so that future efforts to reduce recovery times can 
be implemented efficiently.  

The Government can provide financial assistance for homes which are flooded 
and Flood Re has allowed at-risk homes built before 2009 to be insurable. However, 
no data is available on how many homes have insurance that covers flood risk.  
Flood recovery grants continue to be made available following major flood events 
under the Flood Recovery Framework. Flood-hit households following Storm Denis 
and Ciara in 2020 were able to claim £500 and 100% council tax relief. Under the 
Bellwin scheme, local authorities dealing with the effects of the event can apply to 
have 100% of the eligible costs they incur above a threshold reimbursed by the 
Government. 

There remains no available national data that allow an assessment of the 
proportion of homes or businesses that have insurance to cover flood risk. An 
independent review of the availability of flood insurance for homes and businesses 
flooded in Doncaster in 2019 found that 28% of owner-occupiers were not 
covered. If replicated across the country this could mean tens of thousands of 
vulnerable households who are unnecessarily unprotected against flooding and 
missing out on the support that has been set up to help them. 

Flood Re has improved the ability of households built before 2009 that have 
previously been flooded to access affordable insurance. Defra has consulted on 
several changes to Flood Re which aim to improve its uptake, efficiency and 
effectiveness (see Section 3.2.5).   

Environment Agency figures show that the number of properties signed up to the 
flood warning service in England has increased (Figure 3.5).  
The ability to prepare for flooding in terms of keeping safe and minimising damage 
to property and possessions relies on high quality forecasts, which are received 
and acted upon. Between April 2019 and March 2020, the number of properties 
registered to received flood warnings rose by 7% from the previous year.  
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An increasing number of users are accessing flood warning information through 
digital channels. In 2020, 6.2m users viewed over 65m pages, a more than threefold 
increase since 2018. 

The FCERM Strategy commits the Environment Agency to expanding its flood 
warning service to all places at high risk of flooding from rivers and the sea. The 
Environment Agency’s Expanding Flood Warnings project is working to provide all 
properties at high risk of flooding with warnings by 2022. By the end of 2022, the 
project aims to add 62,000 properties in England to the flood warning service. 

Figure 3.5 Flood warning registrations 
  

 
 Source: Environment Agency 

 
 

  

Between April 2019 and March 
2020, the number of properties 
registered to received flood 
warnings rose by 7% from the 
previous year. 
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3.3 Coastal erosion risk management 

2019 score:  What has changed since 2019: 2021 score: 

3 Plan score - medium 

• The plan score remains the same. Flood and Coastal Erosions Risk Management
(FCERM) strategy indicates the Environment Agency is currently in the process of
refreshing the evidence (including climate change projections) and technical 
guidance, which underpin Shoreline Management Plans (SMPs). The SMP Refresh is
anticipated to initiate a new planned implementation cycle, however, it is not yet
clear how this will change plan outcomes (including for both climate change
responses and protecting habitats and species). Furthermore, the non-statutory
status of SMPs limits their robustness as long-term plans as it is not clear if the
measures outlined in them will be sufficiently funded.

Risk management score - low 

• The risk management score remains the same. It is not possible at present to
conduct a robust assessment of progress in managing vulnerability. Information to
track the rate of delivering SMP policies against SMP ambitions is not available.
Furthermore, despite the irreversibility of properties lost to coastal erosion (in contrast
to flooding), there is still no national dataset of properties lost, meaning it is not
possible to assess the change in exposure, or the viability of the coastal local plans
that use the SMPs.

3 

Summary of 2019 report score 

In our last report, Coastal erosion risk management scored a 3 (low plan score, 
medium risk score).  
Our 2019 report highlighted that while Shoreline Management Plans (SMPs) had the 
potential to form a long-term, sustainable plan to address coastal erosion if they 
were implemented and sufficiently resourced, in practice, this was not the case. 
Existing plans did not include the full scale of future climate change risks from 
coastal erosion and thus could not plan long-term adaptation responses that 
could manage those risks. On progress in managing risk, we highlighted that the 
absence of a national dataset of properties lost to coastal erosion or data tracking 
the implementation of SMPs meant it was not possible to assess the change in 
exposure or the viability of the coastal local plans that use the SMPs as their 
evidence base.  

Has the plan score changed? 

No – the plan score is unchanged from 2019. Ongoing work to refresh the Shoreline 
Management Plans in England includes a requirement to assess SMPs against the 
latest climate evidence, however, it is not clear yet how this will be reflected in 
plan outcomes. In order for the score to increase the policy the Committee’s view 
is that SMPs must be made statutory. 

Progress summary – Coastal erosion risk management 

Notes: See annex for full datasets 
Key Indicators: Grants for demolition and removal due to coastal erosion. 
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More clarity is needed on how new evidence on climate change will be included 
in the process to refresh Shoreline Management Plans (SMPs) in England. 
SMPs remain the key mechanism for coastal defence management planning at 
both the regional and local level.71 In England, there are 20 SMPs produced and 
updated by coastal groups in consultation with local communities and local 
partners. 72 The Environment Agency is currently working with coastal groups to 
refresh the SMPs in England. As specified in its FCERM strategy, the scope of the 
project includes the need to assess SMPs against the latest climate evidence, 
including impacts under a 2°C rise in global temperature, with consideration of 
4°C.  

It is understood the technical review phase of the SMP Refresh has been 
completed and outputs (Supplementary SMP Guidance covering UKCP18 and 
adaptation, plus individual 'health check' reports for each SMP) distributed to local 
authorities and Defra agencies. These will be discussed locally and SMP Action 
Plans updated with new priorities. However, details of how this will be factored into 
revised plan outcomes (including for both climate change responses and 
protecting habitats and species) is not currently clear. It is, therefore, not possible 
at present to determine how the SMP Refresh process will change existing SMP 
plans or their implementation in practice. 

The SMP Refresh is anticipated to kickstart a new planned implementation cycle. 
SMPs outline preferred coastal management decisions in the short-term (0–20 
years), medium-term (20–50 years) and long-term (50–100 years). These epochs are 
defined based on the start of the current (i.e. second-round) implementation 
cycle, which commenced over a decade ago (2009-11), rather than being 
incrementally updated; the current short-term epoch will end in the next few years. 
The SMP Refresh process is anticipated to initiate a rebasing of the implementation 
cycle to present day, which should help foster SMP policies based upon up-to-date 
data. However, SMPs remain advisory rather than statutory instruments meaning 
that in practice policy decisions are not necessarily funded or implemented. 

The Committee’s view is that the policy decisions within SMPs must be made 
statutory to ensure they are implemented. 
The non-statutory status of SMPs severely undermines their effectiveness as the 
main vehicle that coastal authorities have to outline and implement their long-
term strategy for coastal defence management.  

Defra has announced it will conduct a review of national policy for SMPs. 
Alongside the refresh of SMPs, Defra in its FCERM Policy Statement has committed 
to a review of the national policy for SMPs, which will focus on ensuring local plans 
are transparent, continuously evaluate outcomes and enable local authorities to 
make robust decisions for their areas.73 The review will also assess current 
mechanisms and legal powers that Coastal Protection Authorities can use to 
manage the coast. This will include exploring the availability and role of financial 
products or services that can help people or businesses to achieve a managed 
transition away from areas at very high risk of coastal erosion. 

The Government has committed to increasing the use of nature-based solutions to 
address risks from coastal erosion.  
The FCERM Strategy and accompanying Policy Statement include a commitment 
to ‘double the number of Government funded projects which include nature-
based solutions to reduce flood and coastal erosion risk’ (see also section 2.7). 
However, as yet no further information as to the scale or location of these projects 
is available. 

The Shoreline Management 
Plan Refresh is anticipated to 
kickstart a new planned 
implementation cycle. 

Policy decisions within SMPs 
must be made statutory to 
ensure they are implemented. 
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NAP2 includes an action to update the National Coastal Erosion Risk Map (NCERM) 
and ensure this remains freely available as open data online. 
The scope has been developed for a comprehensive NCERM update, with 
associated improvements to model architecture. The project will also revise 
assessments of property and infrastructure at risk in the future and explore 
combining NCERM within the national SMP Explorer being developed as part of 
phase 2 of the SMP Refresh.74 

The requirement for SMPs to underpin coastal development strategies in England 
has been removed from the 2018 revision of the National Planning Policy 
Framework (NPPF). 
Instead, the Planning Practice Guidance (PPG) now includes the requirement that 
local planners should use SMPs as the evidence base for their local plans, a move 
which may be considered to give it lesser importance.75 

Has the risk score changed? 

No. The evidence available on managing risk remains the same as in 2019. It is not 
possible to assess robustly progress in managing coastal erosion risk in England 
due to a lack of baseline data on properties lost to coastal erosion and the 
implementation of SMP policy. 

The Government does not currently offer direct compensation for individual 
properties at risk from coastal change, and losses are generally uninsurable.  
The irreversibility of properties lost to coastal erosion means the potential risk 
impact for affected households is extreme, particularly as losses are uninsurable. 

Defra’s Coastal Erosion Assistance Grant (CAEG) provides £6,000 per property to 
assist local authorities with the demolition and removal costs associated with 
homes at imminent risk of loss from coastal erosion. Since 2010-11, 44 grants have 
been awarded with the majority of incidents concentrated around the east coast 
of England (e.g. Great Yarmouth and North Norfolk). Only two grants have been 
awarded since 2014-15. While it is not clear what has driven the drop, this could be 
a feature of the intermittency of coastal erosion events, such as cliff falls, or other 
factors linked to the administration or awareness of the grant scheme.76 
Furthermore, while data suggests incidents are currently low, particularly relative to 
flooding, the irreversibility of properties lost to coastal erosion means the potential 
risk impact for affected households is extreme, particularly as losses are 
uninsurable. 
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Figure 3.6 Grants for demolition and removal due 
to coastal erosion  
 

 

Source: Environment Agency 
Notes: Number of successful applications for Coastal Erosion Assistance Grant, each representing one property 

 
The Environment Agency’s new Flood and coastal resilience innovation 
programme will allocate £150 million across 25 local areas, funded by 
Government.  
The funding will target projects that demonstrate how practical innovative actions 
can work to improve resilience to flooding and coastal erosion. The aims of the 
programme are to: 

• encourage local authorities, businesses and communities to test and 
demonstrate innovative practical resilience actions in their areas 

• improve the resilience of 25 local areas, reducing the costs of future 
damage and disruption from flooding and coastal erosion 

• improve evidence on the costs and benefits of the innovative resilience 
actions and demonstrate how different actions work together across 
geographical areas 

• use the evidence and learning developed to inform future approaches to, 
and investments in, flood and coastal erosion risk management 

The absence of a national dataset of properties lost to coastal erosion or tracking 
of SMP policy implementation mean it is not possible to monitor progress in 
managing coastal erosion risk. 
It is vital that the Government allocates resources to the collection of these 
baseline data if the change in exposure or the viability of the coastal local plans 
that use the SMPs as their evidence base is to be assessed. 
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3.4 Water demand in the built environment 

2019 score:  What has changed since 2019: 2021 score: 

8 Plan score – high 

• The plan score remains the same, with a number of positive developments since our
last assessment. The Environment Agency National Framework strengthens planning
with a move to strategic regional planning on drought resilience, reducing long
term water use and reducing leakage. The latest water company plans set new
targets for personal water consumption and metering. The Government consulted
on measures to reduce personal water use in 2019 and is expected to announce a
statutory target on overall demand for public water supply encompassing targets
for leakage, personal consumption and non-household consumption in 2021. An
updated water resources planning guideline has been published and the next set
of company plans are expected to use UKCP18 climate projections.

Risk management score – medium 

• The risk management score remains the same. There remains a need for an
increase in demand-side measures and stricter targets for reducing household
water use. There has been no significant change in average household per capita
consumption over the last 5 years. The percentage of homes with water meters
continues to increase, however. The latest projections of future water availability
show that current demand-side adaptation measures may not be sufficient to
ensure risk is kept at least constant. The outcome of the consultation on measures to
reduce personal water use and faster progress in actions to reduce demand will be
crucial in determining whether risks of water availability are being managed.

8 

Summary of 2019 report score 

In our last report, water demand in the built environment scored an 8 (high plan 
score, medium risk score).  
Water companies are required within their Water Resource Management Plans 
(WRMPs)to develop plans that are tied to their investment cycle for adapting to 
the risks of future water scarcity, including the effects climate change. This includes 
plans for demand management which is a critical aspect of ensuring resilient 
water supplies. 

While a broad range of actions were being taken to reduce consumption, the 
Committee concluded that the level of progress in recent years and ambition in 
company plans may not be adequate to address future risks, particularly in the 
context of a 4°C global temperature rise scenario. 

Has the plan score changed? 

No, the plan score remains high - there have been a number of positive 
developments since our last assessment.  

Progress summary – Water demand in the built environment 

Notes: See annex for full datasets 
Key Indicators: Per capita consumption (l/h/d) – no significant change, Percentage of households with water meters – improving. 

2482  



153 Climate Change Committee 

The Environment Agency National Framework for Water Resources is being 
implemented. The framework looks at climate change pressures on public water 
supply using UK Climate Projections 2009 (UKCP09) datasets and sets an 
expectation for water company’s regional plans to reduce demand to 110 litres 
per person per day by 2050. 77 The new National Infrastructure Strategy recognises 
that future requirements to increase resilience in water supplies and reduce the 
overall demand for water are key to better managing supply requirements.78 

The latest water company plans set new targets for personal water consumption 
and metering.  
Water companies produce water resource management plans (WRMPs) every five 
years which look 25 years ahead. The Ofwat 2019 Price Review for 2020-25 requires 
water companies to help customers reduce personal consumption to 131 l/p/d by 
2025 through their latest plans (WRMP19).79 They also show that meter penetration 
will increase to 83% by 2045. WRMP19 plans use climate change projections from 
UKCP09. The latest plans show that, in the current regulatory environment, 
companies expect consumption to reduce to an average of 120 litres per person 
per day by 2045.80 A further reduction to 110 litres per person per day will need to 
be achieved by 2050 to meet the expectations set out in the Environment 
Agency’s National Framework for Water Resources.  

The Government consulted on measures to reduce personal water use in 2019.  
The consultation on measures to reduce personal water use included 
consideration of demand-side measures including extending metering (including 
the use of smart meters), water efficiency labelling and amendments to building 
regulations.81 An independent review by the Energy Savings Trust in 2019 of the 
costs and benefits of water labelling options in the UK recommended that the UK 
Government consider implementing a mandatory water labelling scheme linked to 
building regulations and minimum standards.82 The Environment Bill policy targets 
paper proposed setting a statutory target on overall demand for public water 
supply encompassing targets for leakage, personal consumption and non-
household consumption.83 Choosing the right mix of acceptable measures will be 
vital to increasing the resilience of water supplies. The outcome of the consultation 
has been delayed due to departmental constraints imposed by COVID-19. 
Government is expected to announce its next steps to reduce per capita 
consumption in 2021. 

An updated water resources planning guideline has been published and the next 
set of company plans are expected to use UKCP18 climate projections.  
Government consulted on the water resources planning guideline in 2020 and 
published the updated guideline in 2021.84 In assessing the risk and possible impact 
of climate change, the guideline asks companies to consider the updated 
projections of future water availability produced for the third UK Climate Change 
Risk Assessment.85 These projections are considered further below. Supplementary 
guidance on climate change is also being developed. Water companies are now 
developing cross company plans for 2024 using UKCP18 projections.  

Has the risk management score changed?  

No, the risk management score remains medium. Further action is needed to 
manage risks of future water shortages, through an increase in demand-side 
measures and stricter targets for reducing household water use.  

There has been no significant change in average household per capita 
consumption over the last 5 years. 

Water companies expect 
consumption to reduce to an 
average of 120 litres per person 
per day by 2045. A further 
reduction to 110 litres per 
person per day is needed by 
2050 to meet the expectations 
set out in the Environment 
Agency’s National Framework 
for Water Resources. 
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Per capita consumption is a key measure for how efficiently we are using water. 
Weighted average* per capita consumption per household in England was 140 
l/h/d in 2019-20 (Figure 3.7). Consumption fell by 2% between 2018-19 and 2019-20. 
Overall, there has been little change in personal water use in the last 10 years 
although COVID-19has reportedly influenced short term consumption patterns, 
with an increase in household consumption and a decrease in non-household 
consumption.86 

Figure 3.7 Weighted average water consumption 
per capita for households in England 2005-2020 
and forecast to 2044-45 
 

Source: Summary of actual and forecast data from Water Resource Management Plans (WRMP19) for all water 
companies in England. Data provided by the Environment Agency.  
Notes: Forecast data to 2045 based on WRMP19. The target of 110 l/p/d represents the required level of per capita 
consumption by 2050 to meet the expectations set out in the Environment Agency’s National Framework for Water 
Resources. 

The percentage of homes with water meters continues to increase. 
In 2019-20, 57% of households in England (and Wales) had water meters (Figure 
3.8). This represents a 7% increase in metering since 2017/18. The latest water 
company plans show metering will increase to cover 83% of households by 2045. 
Over 2020-25, companies will invest £650 million in installing at least 2 million new 
water meters. 87 In the National Infrastructure Assessment, the National Infrastructure 
Commission recommended compulsory metering by the 2030s beyond water 
stressed areas, which could increase metering to 95% by 2050.  

*  Weighted PCC is PCC weighted by water company population. 

There has been little change in 
personal water use in the last 
10 years. 
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Figure 3.8 Proportion of properties with water 
meters from 1999-00 to 2019-20 

 Source: Consumer Council for Water (2020) Water, water everywhere? Water and Wastewater Resilience Report 
2019/20. 
Notes: Data is for all meters including smart meters. 

Recent analysis by Waterwise and Arqiva found that fitting one million smart water 
meters in the UK each year for the next 15 years could result in saving at least one 
billion litres of water a day (1,000 Ml/d) by the mid-2030s, as well as reducing the 
UK’s current greenhouse gas emissions by 0.5% (2.1MtCO2e).88 Metering can also 
help with the management of water usage and supplies during peak demand, 
and help water companies identify and fix leaks.89 The Government is expected to 
announce its approach to metering in 2021 as part of the new package of 
measures to reduce personal water use. 

Although metering is a useful tool to help encourage lower water use by helping 
customers understand their usage, this may only occur if meters are visible to 
customers so they can track usage in real time. Meters are often placed out of 
sight, for instance underneath manhole covers in driveways. Metering also needs 
to be used in conjunction with other measures such as water labelling and 
messaging in order to achieve the reduction needed. Choosing the right mix of 
acceptable measures will be vital to increasing the resilience of water supplies.  

The latest projections of future water availability show that current demand-side 
adaptation measures may not be sufficient to ensure risk is kept at least constant.  
The updated projections of future water availability produced for CCRA3 use the 
latest UKCP18 climate projections. In the current and announced adaptation 
scenario, reductions in demand and leakage are modelled in line with announced 
targets by government and the latest water resource management plans. 
Demand in England and Wales falls from around 140 to 118 l/h/d and leakage is 
reduced by around 50% by 2050. Under current and announced levels of 
adaptation, the latest projections of water availability indicate deficits in the Water 
Resources South East, Water Resources West and Water Resources East regions by 
the mid-century, in both 2°C and 4°C warming scenarios (Figure 3.9).*  

*  Under central population projection and assuming no additional adaptation action. 
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Figure 3.9 Mid-century supply-demand balance 
for UK Water Resource Regions 

 
 

 
Source: HR Wallingford (2020). Updated projections of future water availability for the third UK Climate Change Risk 
Assessment Technical Report. 
Notes: Supply-demand balance in the mid-century, in a 2°C (left hand side) and 4°C (right hand side), central 
population projection and assuming no additional adaptation action, at the regional scale (HR Wallingford, 2020). 
Grey indicates areas reliant on private supply. 

 
By the late century, the projections show that in a 4°C world, all water resource 
regions in England are in deficit (Figure 3.10). 
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Figure 3.10 Late-century supply-demand balance 
for UK Water Resource Regions 

 
 

 Source: HR Wallingford (2020). Updated projections of future water availability for the third UK Climate Change Risk 
Assessment Technical Report. 
Notes: Supply-demand balance in the late-century, in a 2°C (left hand side) and 4°C (right hand side), central 
population projection and assuming no additional adaptation action, at the regional scale (HR Wallingford, 2020). 
Grey indicates areas reliant on private supply. 

 
There remains a need for an increase in demand-side measures and stricter targets 
for reducing household water use.  
The outcome of the consultation and faster progress in indicators will be crucial in 
determining whether risks of water availability are being managed. 
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3.5 Public health and wellbeing 

The impact of high temperatures poses a significant threat to people’s health and 
wellbeing now and in the future. High temperatures affect a very wide range of 
health and social outcomes. The heatwaves in recent summers have caused 
thousands of excess all-cause deaths and disruptions to daily activities (including 
hospital services and education).  

The impacts of heat from climate change will, to a significant degree, be 
determined by how well the built environment is adapted to the future climate. 
Lock-in is a key concern for capacity to adapt to future risks.* Adaptation could be 
limited by housing and planning policies if they do not sufficiently consider climate 
change. This also has implications for the future delivery of health and social care 
as trends indicate a move to more home-based care. To tackle these issues 
requires cross-government coordination. 

There are also more uncertain impacts on air pollution levels from changes in the 
climate (rather than changes in emissions which will have a very large effect) and 
threats from climate-sensitive infectious and non-infectious diseases. These 
changes are likely to alter the weather-related burden on human health and 
wellbeing in England.  

The COVID-19 pandemic has shone light on resilience and capacity for action in 
Government departments, but particularly for those who deal with people, the 
built environment and business. The pandemic may have increased risks 
associated with high temperatures and poor indoor air quality as people have had 
to spend more time indoors during hot weather.90 The impacts on health of both 
high temperatures and COVID-19 are disproportionately higher for vulnerable 
groups such as older persons, those with underlying conditions, and particularly 
people in residential care. Further work is required to explore how the concurrent 
risk of COVID-19 and heatwaves may have intersected to possibly amplify the 
number of deaths. 

COVID-19 has also significantly affected the ability of health agencies to make 
progress in other areas of work, including climate change. Health bodies have 
seen a redeployment of staff and the unavailability of key stakeholders. Ongoing 
business as usual activities have been reoriented towards assessing and managing 
concurrent risks of COVID-19 and extreme weather events.91 

  

 
*   Lock-in: Early actions or decisions that involve long lifetimes or path dependency, which will potentially increase 

future risk or vulnerability and that are difficult or costly to reverse later (quasi-irreversibility). This can be from an 
action or decision that is ‘business-as-usual’, from a lack of an action or decision, or from a mal-adaptative action or 
decision. 
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3.5.1 Health impacts from heat and cold 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score - low 

• The plan score remains the same, but some progress has been made. MHCLG has
proposed to introduce a new regulatory requirement for addressing overheating in
new homes, alongside new statutory guidance. However, at the time of writing this
is still part of a consultation and not yet policy. There remains no plan to understand
overheating risk and adaptation needs in existing homes, nor action to retrofit
existing buildings. There is also still no plan to address the lack of understanding of
the extent of overheating risks in care facilities or how a move towards home-based
care may alter the risks to patients and healthcare delivery from extreme weather.
There has been some better planning for 2˚C and 4˚C scenarios in policies for
schools and prisons.

Risk management score - medium 

• The risk management score remains the same. Cumulative excess all-cause
mortality related to heatwaves in summer 2020 was higher than that observed in
England during the 2003 pan-European heatwave and 2006 heatwave event. 
Research since 2019 has found further evidence of overheating occurring in homes.
Better indicators would help to understand the extent of overheating in existing
homes. While increasing heat is a major climate risk to health, cold related deaths
will remain significant and mitigation action to improve the thermal comfort of
homes in winter as well as summer remains urgently needed. There is increased
evidence of overheating in hospitals and new research into the occurrence and
cost of summertime overheating in care homes. The proportion of urban
greenspace, which can lessen the urban heat island effect has fallen since 2016.

2 

Summary of 2019 report score 

In our last report, health impacts from heat and cold scored a 2 (low plan score, 
medium risk management score).  
Our 2019 report found that adaptation plans to mitigate the long-term risks of heat 
impacts on health were missing, despite CCRA2 highlighting the risks to health from 
heat as an urgent priority. Plans were in place to review the Building Regulations, 
but there had not been any significant shifts in policy to ensure that new buildings 
are being designed with the future climate in mind and no policies exist to help 
adapt existing buildings. On progress in managing risk, our previous report 
highlighted that actions are taking place; however, there was little evidence the 
risk was being managed. The Committee recommended that regulations be 
strengthened for overheating to prioritise passive cooling measures in existing and 
new buildings and a need for increased and improved data collection in 
healthcare facilities, as well as better indicators to monitor overheating in homes.  

Progress summary – Health impacts from heat and cold 

Notes: See annex for full datasets 
Key Indicators: Area of urban greenspace, Number of heat and cold-related deaths per year, Number of hospitals/care homes/surgeries that experience 
overheating (not yet available for care homes and surgeries), Temperature and air quality monitoring in new and existing homes including the number of 
overheating exceedances and the number of homes currented adapted to overheating (not yet available), Number of / spending on passive cooling 
measures and air conditioning uptake in different building types (residential, care homes and healthcare facilities) (not yet available) 
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This priority includes subsections for: housing; schools and prisons; health and social 
care delivery; and greenspace. Whilst there are also potential heat impacts to 
people using public transport, these have not been included as it is not known 
what the national-level picture is for overheating on transport.  

Has the plan score changed? 

No, the score remains the same although some progress has been made which 
could lead to an improved plan score in the next year or two.  
A key issue with tackling heat risk is that ownership of the issue is shared across 
Government departments. There is a lack of cross-departmental coordination in 
dealing with the multiple health outcomes from overheating and utilising the 
multiple adaptation options available for mitigating risk.  

The following sections are therefore split roughly by policy/impact area.  

Buildings – Housing 

MHCLG has proposed to introduce a new regulatory requirement for overheating 
mitigation, alongside new statutory guidance, with the aim of reducing 
overheating risk in new-build residential buildings.  
The Committee have previously reported that high levels of energy efficiency 
installed in new and existing homes can increase the retention of heat and 
airtightness of the building. This can increase the risk of overheating and exposure 
to indoor air pollutants if appropriate adaptation and ventilation measures are not 
implemented at the same time. In 2019, the Committee therefore recommended 
that the Government needed to publish an integrated plan to reduce overheating 
risk in existing and new homes alongside decarbonising domestic heating and 
planning for at least 2°C increase in global temperature, with consideration of 4°C. 
The Government response supported the need for regulation on overheating but 
had not set out plans for an integrated plan. 

In January 2021, MHCLG published the Future Buildings Standard consultation 
which included proposals for an overheating standard within Building Regulations. 
The consultation proposed to introduce a new regulatory requirement for 
overheating mitigation, alongside consideration of usability and new statutory 
guidance for occupiers, with the aim of reducing overheating risk in new-build 
residential buildings (including houses, flats, care homes and residential 
educational buildings). The methodologies proposed take account of climate 
change and use high emissions scenarios from UKCP09. The Committee have 
welcomed this consultation as a significant step forward in addressing one of the 
most urgent climate risks. The overheating requirement and the required guidance 
address previous CCC recommendations to have an overheating standard in 
place, to mitigate using passive adaptation measures and to ensure that 
developers consider energy, ventilation and overheating together.  

If introduced, the overheating requirement will come into force at the same time 
as changes to Part L of the Building Regulations in June 2022.  

However, the consultation does not propose to include retrofits of existing buildings 
or conversions from non-domestic to residential. On the latter, there is evidence 
that permitted development conversions seem to create a worse quality 
residential environment than conversions that occur through regular planning 
permission in relation to several factors widely linked to health, well-being and 
quality of life for future occupants (see risk section below).92 93  
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These are mainly related to the internal design aspects such as space standards, 
window arrangements and access to amenity space, and are worse for ‘office to 
residential’ conversions – with evidence that adaptation measures such as external 
shading are being discouraged in some instances.94 The regulation should 
therefore be expanded to refurbishments of existing buildings and conversions of 
non-domestic buildings to residential.  

Recommendation 

Implement a strong set of standards - with robust enforcement - that ensure both new 
and existing buildings are designed for a changing climate and deliver high levels of 
energy efficiency and low-carbon heat. Including: 

• Publish robust definitions of the Future Homes Standard and Future Buildings Standard 
which are legislated in advance of 2023 and ensure no fossil fuels are burnt in new 
buildings. This must include coordination with DfE, MoJ, DHSC as well as BEIS and HMT.  

• Regulate the overheating requirement as set out in the Future Buildings Standard 
consultation. Expand the requirement to cover refurbishments of existing buildings 
and conversions of non-domestic buildings to residential. 

• Work with BEIS on the Heat and Buildings Strategy and use standards to set a clear 
direction for retrofit across the buildings stock.  

• Ensure that the remit of the new building safety regulator covers climate change 
mitigation and adaptation, strengthened through an explicit responsibility for 
sustainability; and is fully equipped to monitor and enforce compliance with 
buildings standards.  

• Work with HM Treasury to ensure that local authorities are properly funded to enforce 
buildings standards.  

• Close loopholes allowing homes to be built which do not meet the current minimum 
standards for new dwellings. This includes provisions around the expiry of planning 
permission and permitted development rights relating to change of use. Make 
accurate performance testing and reporting widespread, committing developers to 
the standards they advertise. 

Department: MHCLG, Timing: 2021. 

 
It is not clear how much overheating risk for new developments is being 
considered within local planning of most local authorities.  
Local planning policies can reinforce the need for new developments to be 
planned and designed to manage internal temperatures (for example with 
regards to orientation, shading, building materials, window design, ventilation and 
green spaces).  

The Greater London Authority (GLA) has made positives steps by requiring 
overheating mitigation, in accordance with a cooling hierarchy, through the 
London Plan for major developments.95 This includes using dynamic overheating 
modelling to assess internal overheating, taking a design-led approach to 
mitigation (such as prioritising dual aspect dwellings to enable cross-sector 
ventilation), and avoiding overheating without reliance on energy intensive 
mechanical cooling systems.  

However, analysis by the CCC has found that most local plans (outside of Greater 
London) which have been drafted or adopted since 2018 do not include similar 
requirements for managing overheating risk.  

Despite some progress on addressing risks in new build residential buildings, there 
remains no plan to increase understanding of overheating risk and adaptation 
needs in existing homes, nor action to retrofit existing buildings. 

Millions of people have worked 
from home, rather than offices 
in 2020.  
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The majority of homes in England that will be present in 2050 have already been 
built. The COVID-19 pandemic has increased the amount of time people spend in 
their homes as millions of people have worked from home, rather than offices.96 For 
those people living in modern, urban flats these often have high glazing with little 
shading, limited natural ventilation, are single aspect, and many have no easy 
access to outdoor green space.97  

The Government’s plans for reducing emissions in existing homes also do not 
include climate adaptation as a key priority, which is a missed opportunity to 
include passive cooling in retrofit programmes, especially given the risk of 
increased energy efficiency standards potentially exacerbating the risk of 
overheating.*  

Further research is needed to gain a better understanding of the extent of 
overheating risk in existing homes (see risk section below), while overheating and 
ventilation should be considered alongside programmes for energy efficiency 
retrofit. 

Various steps are also needed to enable and encourage the uptake of 
adaptation measures for overheating in existing homes (Box 3.2), particularly for 
vulnerable or lower-income groups or those living in homes where it is difficult to 
make modifications.  

Box 3.2 
Encouraging the uptake of adaptation measures for overheating in existing 
homes 

• High quality advice and information is critical for enabling measures:

– Green Building Passports could provide holistic guidance to householders and
unlock green finance at scale. 

– Home retrofit plans are a tailored approach which could also bring in wider
dimensions of comfort, aesthetics, and affordability as well as adaptation needs.

– Combining these with the opportunity of smart meter data in a digital Green
Building passport could unlock green finance at scale by providing a robust,
quality source of information to raise finance against, track progress and help
make standards enforceable for both climate adaptation and mitigation.

• Finance and addressing upfront costs of adaptation measures. This could be
achieved through a combination of private (including ‘green’) finance (such as via
low cost ‘green mortgage products, or grants) and public funding targeted at low-
income households and to support the vulnerable, along with other priority areas
such as public buildings and social housing.

• Skills remain a further critical enabling measure. The CITB (the industry training board
for the construction sector) have identified pace of change as a key challenge,
necessitating Government intervention. It is vital that the policy framework also
scales up inspections and enforcement activity to ensure householders get what
they have paid for.

* For example, the Energy White Paper (2020) and Green Homes Grant (2020).  
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Recommendation 

Improve understanding of and support action on overheating in existing residential 
buildings and encourage retrofit of passive cooling measures. The Heat and Building 
Strategy must consider overheating risks. The following steps are needed:  

• Further research to understand when overheating occurs in existing homes, 
including: ongoing monitoring of temperatures in the housing stock, monitoring of 
overheating exceedances in homes, and number of homes currently adapted.  

• Guidance and information for homeowners with the steps that can be taken if their 
homes overheat. This should include an outline of behaviour options and the 
measures that can be installed to reduce internal temperatures. Green Building 
Passports and home retrofit plans could provide holistic guidance and help to unlock 
green finance.  

• Overheating risk considered and mitigated against if necessary when doing energy 
efficiency retrofit programmes.  

• Making finance available to install adaptation measures. This could be via grant 
schemes or green finance for private owners, with public funding targeted at low-
income or vulnerable households alongside energy efficiency retrofit. 

Department: BEIS and MHCLG, Timing: 2022. 

 
The Government is working to reform building safety and regulation.  
Climate change is a building safety issue, both in terms of the health and safety of 
residents and users and because of the contribution buildings make to emissions 
and hence to the health and safety of the wider population. 

The reforms in the Buildings Safety Bill create a framework to improve the efficacy 
of building regulations, including those relating to climate change mitigation and 
adaptation.98 This should be strengthened through an explicit responsibility for 
sustainability alongside buildings safety and performance. It will be important to 
ensure the buildings safety regulator is sufficiently equipped to monitor and 
enforce compliance across all building regulations and to ensure that local 
authorities are properly funded for enforcement activities.  

Buildings – schools and prisons 

There has been better planning for 2˚C and 4˚C in schools and prisons.  
The general set of adaptation interventions for schools are similar to those for other 
buildings, although there are additional low regret options for behavioural 
responses and emergency plans. Adaptation measures are essential to avoid lock-
in with building designs and adapt to the future risks of overheating, flooding and 
other climate hazards.* The Department for Education (DfE), along with the GLA, 
provide guidance on climate change and aim to prioritise passive measure over 
mechanical cooling to mitigate overheating risk.99 100  

DfE are in the process of revising design standards in ‘Specification 21’ to adapt to 
a 2˚C global warming scenario and future proof to a 4˚C scenario (as far as 
possible) on all new or refurbished projects. This update is being informed by 
research carried out by the Chartered Institute of Building Services Engineers 
(CIBSE) Schools Design Group which has modelled the two scenarios against the 
‘BB0101’ adaptive thermal comfort overheating risk assessment which identified 
the severity of risk.101 

 
*   Lock-in: Early actions or decisions that involve long lifetimes or path dependency, which will potentially increase 

future risk or vulnerability and that are difficult or costly to reverse later (quasi-irreversibility). This can be from an 
action or decision that is ‘business-as-usual’, from a lack of an action or decision, or from a mal-adaptative action or 
decision. 

There has been better planning 
for 2˚C and 4˚C in schools and 
prisons. 
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In addition to this, the DFE have carried out further research on their resilient 
schools project and Gen Zero (Construction innovation Hub funded research 
project) and well as a number of pilots testing the scenarios with industry. 

School-specific long-term climate adaptation plans could be useful for the health 
well-being and safety of students and staff, as well as to promote a more resilient, 
biodiverse and vibrant school environment. Having a school-specific climate 
adaptation plan could deliver multiple positive outcomes including reduced bills, 
increased learning opportunities, improved biodiversity and better air quality. 

In relation to prisons, the recent Ministry of Justice’s Adaptation Strategy requires 
that sites assess risks using UKCP18 and use this assessment to inform adaptation 
plans/actions. A set of measures are recommended, but there is no analysis of 
costs and benefits. 102 The strategy says that sites should: 

• Build in more natural ventilation, solar shading and natural cooling. 

• Improve Building Management System (BMS) controls. 

• Have emergency plans in place that consider the likely intensity and 
frequency of heat. 

• Deliver against objectives through an action plan to be used to monitor 
progress of initiatives and actively support the strategic objectives and 
continuous improvement throughout the estate. 

Since 2019 it is a requisite for all newly built prisons to be awarded an Excellent 
BREEAM 2018* rating with a costed option to be designed to the ‘outstanding’ 
level. Prison builds due to complete within the next year have been assessed 
against the BREEAM 2014 scheme and are currently on course to meet an 
Excellent rating. MoJ has included BRE’s “designing for future thermal comfort” as 
a mandatory credit for new build programmes.  

Health and social care 

There is still no plan to assess the extent of current and future overheating risks in 
care facilities, or how a move towards home-based care may alter the risks to 
patients and healthcare delivery from extreme weather under current conditions 
and future projections.  
In 2019 the Committee recommended that DHSC produce a plan to address the 
risks of overheating in care homes and care facilities, including consideration of 
home-based care by 2021. The Government disagreed that a plan was needed, 
stating that current guidance and the Heatwave Plan for England are in place. 
However, a review of the Heatwave Plan found little evidence that it had helped 
reduce general summertime impacts of heat on health since it was introduced. 
Barriers to adaptation also remain, including access to long-term, strategic 
funding.†  

CQC’s #TempAware campaign raised awareness of the importance of ensuring 
people in care homes and healthcare facilities are appropriately monitored and 
their health supported during hot weather, and directs providers to resources such 
as PHE’s ‘Beat the Heat’ materials and the Care Provider Alliance’s guidance on 
‘Developing Contingency Plans for Adult Social Care Services’.  

 
* Building Research Establishment Environmental Assessment Methodology. 

† As reported during stakeholder discussions.  
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The Department of Health and Social Care have promised to work with CQC and 
other relevant agencies to determine whether there is further guidance which can 
be highlighted.103  

Recommendation 

Assess health sector vulnerability to existing and future climate risks, particularly, for care 
homes and home-based care. Following this, develop a cross-sector approach to 
address risks. This cross-sector approach should include input from CQC, PHE, NHS, 
MHCLG and local level public health bodies. 

Department: DHSC, Timing: 2022. 

 
Health providers are required to have in place a Green Plan including adaptation, 
but the percentage of NHS Trusts completing a plan is low.104 Greener NHS will 
release green plan guidance, which includes requirements for adaptation 
planning, and are due to report in the third round of the Adaptation Reporting 
Power. 
The third Health and Social Care Sector Adaptation Report should:  

• Review progress on health and social care sector adaptation since the 
previous report.  

• Identify the level of risk and readiness across the health and social care 
sector, building on the second UK Climate Change Risk Assessment 
(CCRA2-2017) and UKCP18 Climate Projections.  

• Provide practical recommendations on local, national and systemic actions 
to mitigate these risks and build resilience. 

The heat and cold health alert systems/weather plans are being revised into a 
single year-round plan.  
While the current Heatwave Plan for England is central to the acute public health 
response to heatwaves, the number of heat-related deaths in recent years (see 
below) indicate more strategic prevention action is required from a range of 
actors. 

Hot weather causes an increase in deaths and emergency hospital admissions. The 
current Heatwave and Cold Weather Plans for England provide guidance to 
health, social care and community practitioners and the public in order to protect 
vulnerable people in hot weather. They do not take a long-term view of risk 
although the new year-round all-weather plan is aiming to do this (See also Section 
3.6 on emergency planning).  

The Department of Health and Social Care (DHSC) commissioned an independent 
evaluation of the implementation and potential effects of the HWP in 2019 which is 
now published.105 Our previous report discussed the findings in more detail in our 
2019 Progress Report. The evaluation found that there is no evidence that general 
summertime relationships between temperature and mortality and between 
temperature and emergency hospital admissions have changed substantially in 
the years since the introduction of the first HWP in 2004. Evidence did suggest that 
the Heatwave Plan was good at protecting people during the alert periods (the 
hottest days), but not so good in hot weather where no alert was issued. 
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Greenspace 

There are plans and policies which will provide an opportunity to increase and 
improve green space and therefore could lead to reduced outdoor temperatures 
(especially in urban areas).  
However, it is not clear whether the multiple benefits from individual policies are 
being fully realised and taken up by developers (see Section 3.2.3 above). 

Has the risk management score changed? 

No. The evidence available on managing risk remains the same as in 2019.  

The number of excess all-cause mortality associated with heatwave events in 
summer 2020 was higher than observed in England during the 2003 pan-European 
heatwave and 2006 heatwave event.  
PHE has reported that there were an estimated 2,556 all-cause excess deaths 
(excluding deaths from COVID-19) during episodes of heat across all ages during 
three heatwave periods in summer 2020 in England (Figure 3.11).* This is the highest 
heatwave associated all-cause excess mortality observed in England since the 
introduction of the Heatwave Plan for England in 2004.  

Whilst the third episode of a heatwave in the summer was prolonged, with very 
high temperatures recorded (day and night-time) (causing 1,734 total excess 
deaths, 68% of total heatwave excess mortality), the severity and intensity of the 
meteorological conditions alone does not fully explain the magnitude of the 
impacts observed. Epidemiological analysis conducted by PHE has found that: 

• Notably, significant excess mortality was observed in the 45 to 64 years age 
group in the August heatwave, compared with previous years where, at a 
national level, significant excess deaths in younger age groups (<65) during 
heatwaves were not evident. 

• Significant excess mortality was observed in deaths at homes and in care 
homes for the 65+ age group. Significant excess mortality in this age group 
was also seen in hospitals during two of the three heatwave periods 
observed in summer 2020.  

• Deaths at home and in hospitals increased significantly in the <65 years 
group during the third heatwave period compared to non-heatwave days 
in 2020.  

• The COVID-19 pandemic has been associated with a general shift in where 
deaths have been taking place, with more deaths at home when 
compared to previous years.  

• Excess deaths due to circulatory and respiratory causes, Alzheimer’s and 
Dementia all increased significantly across all three heatwave periods in 
the 65+ group.  

The identification of place and cause of deaths is important for highlighting where 
to target interventions, particularly for those unable to adapt their indoor 
environment or their behaviours in response to heat and are reliant on others for 
their care. However, further work is required to explore how the concurrent risk of 
 
*   Excess all-cause mortality was calculated by comparing the average number of all-cause deaths (corrected for 

delays in registration) on heatwave days with the average from the combination of the 7 non-heatwave days 
preceding and subsequent to the heatwave period, having subtracting the estimated number of deaths attributed 
to coronavirus (COVID-19) on those days. 

There were an estimated 2,556 
all-cause excess deaths 
(excluding deaths from COVID-
19) during episodes of heat 
across all ages during three 
heatwave periods in summer 
2020 in England. 
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COVID-19 and heatwaves may have intersected to possibly amplify the number of 
deaths. 

Figure 3.11 Excess heat deaths during heatwaves 
  
 

 
Source: PHE (2020) Heatwave mortality monitoring reports 2016-2020.  
Notes: Data split by age range is not available for 2003 and 2006. 2020 data does not include COVID-19 related 
deaths. 

 
Buildings – Housing 

Since 2019, there is further evidence of overheating occurring in residential 
buildings.  
Research for the Energy Follow Up Survey 2017 study, due to be published by BEIS 
in 2021, monitored temperatures in homes between October 2017 and April 
2019.106 The findings from the study were based on data collected from 
temperature loggers, interviews conducted during 2017 and 2018, and a mobile 
phone survey undertaken during a hot period in the summer of 2018. The study 
found that: 

• Of the homes included, overheating occurred in 19% of bedrooms and 15% 
of living rooms during 2018 (the hottest English summer to date), with 
average temperatures reaching 26.9˚C in bedrooms.*  

• The prevalence of monitored overheating was found to be significantly 
greater in homes occupied by those aged over 75 compared to those 
under 65. In contrast, those over 75 were significantly less likely to report 
overheating compared to those under 65.  

• Households reported issues with building fabric, the weather, internal heat 
and ventilation as being the main reasons for overheating.  

 
*   The measured overheating assessment used temperatures monitored in the living room and main bedroom during 

summer 2018. Adaptive temperature thresholds (that recognise that people adapt to warmer temperatures), were 
used to calculate if overheating had occurred. The adaptive criteria method was expanded to enable the 
vulnerability of occupants to be taken into consideration by using a lower adaptive temperature threshold for 
vulnerable groups.  

A recent study found 
overheating occurred in 19% of 
bedrooms and 15% of living 
rooms during 2018 (the hottest 
English summer to date). 
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• An adaptive criteria approach to measuring overheating was found to be 
a credible approach to overheating assessment and could enable 
targeted approaches to mitigating overheating among the types of 
dwellings and households most at risk.  

Research published in 2019 to evaluate passive mitigation methods for reducing 
the risk of overheating has found evidence of significant overheating occurring in 
a permitted development flat. 107 The study was conducted in a south-west facing, 
single aspect retrofit (office to residential conversion) apartment building in London 
between August and October 2016. The study found that when no shading was 
present room temperatures could reach up to 47.5˚C.  

Better indicators would help to understand the wider prevalence of overheating in 
existing homes.  
As well as target appropriate mitigation measures and allow progress in managing 
risks to be measured. Useful indicators include ongoing monitoring of temperatures 
in the housing stock; monitoring of overheating exceedances in homes; and 
number of homes currently adapted. 

While increasing heat is a major climate risk to health, cold related deaths will 
remain significant and mitigation action to improve the thermal comfort of homes 
in winter as well as summer remains urgently needed.  
An integrated approach to housing and thermal comfort is required. A major 
programme to retrofit energy efficiency measures in homes needs to be delivered 
over the next 10-15 years in order to prepare homes for low-carbon heat, and 
improve comfort and health, particularly for the fuel poor. To ensure year-round 
comfort and health benefits are realised, retrofit programmes should include work 
to adapt properties to possible overheating and ventilation risks, as well as 
providing an opportunity to address flood risks and improve water efficiency.  

Buildings – schools and prisons 

There is limited evidence regarding the prevalence of high indoor temperatures in 
schools and educational buildings across the country. However, local studies and 
evidence from pupils and staff have identified some current serious issues: 

• Schools in London have reported that concentration levels of children had 
been affected as a result of high temperatures in recent years (GLA, 2020).  

• A survey of teachers found that 90% reported taking additional measures to 
reduce classroom temperature, including purchasing portable air 
conditioners (Environmental Audit Committee, 2018a). The majority of 
respondents reported that high temperatures had an impact on student 
performance; with half reporting that the reduction in productivity was 
‘significant’. 

• Some new student residences have experienced internal temperatures 
above 30°C, partly because window openings were inadequate.108  

Current research projects aim to provide refurbishment scenarios to assess the 
impact on overheating in the existing school stock: * 109 110  
The GLA has also recently released some guidance to support schools and 
academies adapt to climate change.111 The increase in research in COVID-19 
aerosol transmission risk has meant that the role of ventilation design in schools is 
being reviewed by a number of groups from the risk perspective of the transmission 
of respiratory disease as well as for climate change adaptation risks, including the 

 
*   Through UCL, ARID, NERC, ASPIRE, and EPSRC. 

A study has found room 
temperatures reaching up to 
47.5˚C in a permitted 
development flat when no 
shading was present.  

2498  



169 Climate Change Committee 

risks of overheating and poor indoor air quality as well as air quality from traffic and 
other pollution. 

The policies set out above are positive steps towards managing overheating risk in 
the future, particularly for new and refurbished schools. More work is needed to 
understand the extent of overheating in existing school buildings and take 
appropriate mitigating action to reduce risk. It would also remain beneficial for 
schools to have their own adaptation plans.   

UK prisons are vulnerable to high ambient temperatures.  
The CCRA3 Technical Report found that:112 

• HM Inspectorate of Prisons’ report included concerns from inmates during 
inspections which included difficulty of breathing, continuous heating, high 
ambient temperatures in cells and limited oxygen from poor ventilation.  

• The Ministry of Justice (MoJ) received nearly 500 reports and complaints of 
overheating in 2016-17.  

• Solutions such as air-cooling technologies have been suggested to be not 
acceptable for prison conditions.  

• Currently, there is no systematic evidence monitoring the indoor 
temperatures inside prisons in the UK.  

Health and social care 

There is increased evidence of overheating in hospitals.  
Data on the number of NHS Trusts that experience overheating is now available for 
four years from the Estates Return Information Collection (ERIC).* In 2019-20 there 
were 3,600 recorded instances of overheating down from 4,482 in 2018-19.113  

As data is only collected on an annual basis it is difficult to identify seasonal trends. 
Greener NHS plan to collect overheating data informally on a quarterly basis. 

In 2019, the Sustainable Development Unit commissioned a survey† in health care 
settings not covered by ERIC which found that in the last three years heatwaves 
have impacted other healthcare settings: 

• 35% of homecare services  

• 36% of primary care  

• 45% of residential care 

COVID-19 may have compounded risk in hospitals and care homes experiencing 
overheating. This would have a far more significant impact on staff in full PPE.  

 
*   Estates Return Information Collection, 2017-2020. ERIC is a mandatory collection for all NHS Trusts. The overheating 

item of the survey records where wards, for each of the 236 trusts, exceeded a daily maximum temperature of 26˚C. 
The count provided in the survey includes each occupied ward or clinical area having a daily maximum of over 
26˚C as one incident. At any time of the year where temperatures are found to exceed 26˚C, a risk assessment 
should be carried out and appropriate action taken to ensure the safety of vulnerable patients. 

†   Commissioned report by SDU, 2019. Questions covered years 2016-2019 and engagement was undertaken with 
stakeholders across the NHS and social care including frontline providers. 249 primary and social care providers 
engaged in the survey and while the response rate was low, the data provides an insight into providers’ experience 
of and preparedness for extreme weather events. It should be noted that those who experienced the impacts of 
severe weather may be more likely to respond to a survey that addresses these issues.  

The Ministry of Justice received 
nearly 500 reports and 
complaints of overheating in 
2016-17.  

In 2019-20 there were 3,600 
recorded instances of 
overheating across NHS Trusts.  
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There has been new research into overheating in care settings (Box 3.3). 
 

Box 3.3 
Overheating studies in care studies 

Care Homes Overheating Audit Pilot Project 

The GLA piloted an audit process to produce evidence-based recommendations for 
reducing the occurrence of summertime indoor overheating and exposure to elevated 
temperatures in care settings by residents, as well as an easy-to-use Best Practice 
Overheating Checklist.  

The audit results and findings aim to provide consideration by the Care Quality 
Commission (CQC) to include the risk of overheating due to the impact of climate 
change in their inspection assessment of care homes.  

Care homes could benefit from simple measures incurring minimal or no costs (or possibly 
cost savings), such as switching off unnecessary heat sources, applying rules for window 
opening and use of curtains, to highly efficient albeit more complex and expensive 
solutions that could be implemented in the longer term. These include the application of 
external shading, high albedo finishing materials and green roofs. Key lessons learnt will 
be used to inform the establishment of a longer-term process that could be replicated in 
the future. These include: 

• Data monitoring during the heating season can provide valuable insights when 
studying overheating, as heat exposure and heat related mortality can occur all 
year round, even when external temperatures are low. 

• The all-round effectiveness of summertime overheating adaptation measures should 
always be considered, as improving one area may cause significant unintended 
consequences in other areas, including possible impacts on annual heating loads. 

• Adaptation measures are best implemented at the design stage, however existing 
buildings can also benefit significantly from a variety of measures that can be 
implemented under varying timescales, budgets and other requirements. 

• Occupant behaviour plays a significant role in overheating reduction and thus 
training care home residents and staff on how to best operate the building to keep 
cool is critical. 

Mortality benefit of building adaptations: 

Initial work has been undertaken to explore a cost-benefit evaluation of building 
adaptations designed to protect against heat risks to residents of care homes in England. 
The work found that various physical adaptations have the potential to be cost-effective 
and reduce heat risk and should therefore be considered as an important complement 
to operational responses. In one case study, external window shading was estimated to 
reduce mean indoor temperatures by 0.9 °C in a ‘warm’ summer and 0.6 °C in an 
‘average’ summer. In this case, for a care home of 50 residents, over a 20-year time 
horizon and assuming an annual discount rate of 3.5%, the monetized benefit of reduced 
Years of Life Lost (YLL) would be between £44,000, and £230,000 depending on which life-
expectancy assumption is used. Although this range represents appreciable uncertainty, 
it appears that modest cost adaptations to heat risk may be justified in conventional cost-
benefit terms even under conservative assumptions about life expectancy.  

Source: UCL, OBU and LSHTM (2021) ClimaCare project; Ibbetson, A. et al. (2021) Mortality benefit of building 
adaptations to protect care home residents against heat risks in the context of uncertainty over loss of life 
expectancy from heat. 
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Greenspace 

The proportion of urban greenspace has not changed in recent years.114 
The Urban Tree Challenge Fund £10 million fully committed to support the planting 
of 134,000 trees (above the target of 130,000 trees).115 However, the proportion of 
urban greenspace is not increasing. The CCC’s previous indicator showed a 
decrease of permeable urban areas (greenspace) from 821,000 hectares in 2001 
to 763,000 hectares in 2020. 116 The permeable fraction of the total urban area has 
decreased from 63% in 2001to 55% in 2020.  

The CCC now has access to an improved indicator (which includes larger areas of 
greenspace within cities and towns, not captured in the original indicator). Data 
from this indicator is only available since 2016.  

The new indicator shows that the total proportion of urban greenspace in England 
declined between 2016 and 2018 from 62% to 60%, with no change between 2018 
and 2020. As well as concerns over the amount of urban greenspace, access to 
greenspace is not equal across the population.117  

Recommendation 

Introduce an urban greenspace target to reverse the decline and ensure towns and 
cities are adapted to more frequent heatwaves in the future and that the 25-Year goals 
are met. 

Department: MHCLG, Timing: 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The total proportion of urban 
greenspace in England 
declined between 2016 and 
2018 from 62% to 60% of urban 
areas. 
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3.5.2 Risks to people from pathogens 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score - low 

• The plan score remains the same. There is no coordinated plan in place which takes
account of the impact of climate change on human pathogens. The new Health 
Security Agency provides an opportunity for climate change to be considered in
the context of disease spread. Government are encouraging pro-environmental
policies, such as maintaining or expanding urban green and blue space, to include
a consideration of increased pathogen prevalence, but it is unclear what the take
up of the guidance has been.

Risk management score - medium 

• The risk management score remains the same. Warmer weather is contributing to
increases in tick abundance and the potential exposure of people to tick-borne
diseases. Vector abundance of some mosquito species is increasing and spreading
through Europe. There is a major risk of lock-in for vectors and pathogens, as once
they are established, they are very difficult to eradicate. Resilience must be built
proactively before new pathogens become established. While existing surveillance
programmes, risk analysis and contingency planning are in place, the current level
of surveillance of pathogens such as ticks and mosquitoes should be improved and
expanded. This requires additional resources and investment from Government.

2 

Summary of 2019 report score 

In our last report, risks to people from pathogens scored a 2 (low plan score, 
medium risk management score).  
Our 2019 report found that strategies to tackle invasive species – such as new 
mosquito species - do not consider human health and wellbeing. Other plans do 
not consider the long-term risks from climate change. On progress in managing risk, 
our previous report highlighted that existing surveillance programmes, risk analysis 
and contingency planning is in place, but the current level of surveillance could 
be improved. The report also found that more research was needed to quantify 
the impact climate change has on exposure to vector-borne-diseases compared 
to other influential factors.  

Has the plan score changed? 

No, the score remains the same.  

There is no coordinated plan in place which takes account of climate change 
scenarios and the impacts of health from pathogens. 
Since our report in 2019 the National contingency plan for invasive mosquitoes has 
been led by PHE. It highlights that the unprecedented change in status of vector-
borne diseases (VBD) in Europe in recent decades is mainly due to increased 
globalisation and changes in climate and the environment acting on vector 
abundance.  

Progress summary – Risks to people from pathogens 

Notes: See annex for full datasets 
Key Indicators: The distribution of ticks in the UK, The distribution of the Asian Tiger Mosquito in Europe, Geographical spread of other climate-sensitive pests 
and pathogens (not yet available), Funding for national surveillance mechanisms (not yet available). 
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This is likely to continue and therefore VBD risk in the UK is likely to increase. The plan 
sets out some actions for surveillance of invasive mosquitoes. However, it does not 
appear to include an assessment of how these actions relate to different climate 
change scenarios, although there are various papers published on climate 
change and pathogens.*  

As reported in 2019, other plans such as NAP2, the 25 YEP, the non-native species 
strategy, National Risk Register do not take account of the effects of future long-
term climate change on human health and well-being due to VBDs.  

The multi-agency cross-government group on surveillance (Human Animal 
Infections and Risk Surveillance group – HAIRS), acts as a forum to identify and 
discuss infections with the potential for interspecies transfer. 
A system of horizon scanning is used to identify emerging zoonotic and vector-
borne infections which may pose a threat to UK public health. Risk assessments 
have been done for tick-born encephalitis, West Nile virus, Chikungunya virus, and 
Zika virus since 2017.  

Government are encouraging pro-environmental policies, such as maintaining or 
expanding urban green and blue space, to include a consideration of increased 
pathogen prevalence.  
Green and blue infrastructure and wetland areas (including in urban areas) that 
could reduce flood risk and urban heat islands, could potentially increase the risk 
of tick-borne infections or mosquito breeding grounds. PHE have published a 
wetland mosquito survey handbook on how to assess Wetlands.118 To avoid local 
land-use conflicts, it aims to ensure that decision makers and those with day-today- 
responsibilities for wetland management consider the public and veterinary health 
implications of mosquito populations. It is unclear what the take up of the 
guidance has been, including by local authorities. 

In 2021 it was announced that a new UK Health Security Agency will be set up to 
plan, prevent and respond to external threats to health.  
This provides an opportunity for climate change to be considered in the context of 
disease spread.  

Has the risk management score changed? 

No. The score remains the same as in 2019.  

Warmer weather is contributing to increases in tick abundance and the potential 
exposure of people to tick-borne diseases. 
The distribution of ticks has changed over time which may have contributed to an 
increased number of confirmed cases of Lyme disease in the UK and an increased 
risk of other tick-borne diseases. Climate change could be a cause of this change 
due to milder winters and warmer temperatures leading to increased tick-human 
contact patterns. 

For example, since 2019 tick-borne encephalitis has been found to be present in 
Thetford Forest in the East of England and on the Hampshire/Dorset border.119 Two 
probable cases of TBE infection have since been diagnosed due to tick-bites in the 
UK. Climate change models suggest a northern spread of TBE in Europe.120  

 

 
*   For example, Metelmann S et al. 2018.  

Climate change models 
suggest a northern spread of 
TBE in Europe. 
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As well as climate change, non-climate drivers such as agriculture, land use, 
tourism and wild animal populations could be a dominant influence on the 
incidence and distribution of ticks. Attribution of the different drivers, including 
climate change is not possible, and more research is needed to understand the 
links.  

There is a UK wide tick surveillance scheme, however it is constrained by a lack of 
resource.  
The UK’s Tick Surveillance Scheme (TSS) began in 2005, run by PHE. Ticks are not 
routinely screened for pathogens and surveillance is constrained and would 
benefit from additional resources. The scheme still processes ~1,000 submissions per 
year and constitutes the best available data on UK ticks. Dedicated, local 
monitoring of tick activity would be useful to better understand how local weather 
conditions impact tick activity. This is currently being done in a small number of 
locations but could be rolled out and provide useful climate change indicator 
data. 

The Asian Tiger mosquito (Aedes albopictus) is spreading northwards across 
Europe (Figure 3.12). 
Since 2016, the Asian Tiger mosquito (Aedes albopictus) has been found (without 
confirmed establishment) in a few locations in Kent and west London.121 This 
mosquito is an invasive species which can transmit dengue, chikungunya and zika 
virus, though there is no evidence that the mosquitoes found in the UK were 
capable of carrying disease (known as vector competence).  

Responses to detection have been rapid and well-coordinated by PHE local 
health protection teams. However, the area where the mosquito is established in 
Europe has shifted northwards, across much of Italy and into mid and northern 
areas of France. Italy has experienced an epidemic of chikungunya in 2017 (Box 
3.5). A recent study has found:122 

• The local climate may be sufficient, in small pockets, around the Thames to 
sustain the Asian Tiger Mosquito currently.  

• The area will spread in the future and within 50 years much of England and 
Wales may have a suitable climate.  

Invasive mosquitos are likely to be found in increasingly challenging sites, such as 
urban areas. Recommendations have been made in a recent study around 
improving training of pest controllers and environmental health, incorporating 
PHE’s mosquito surveillance schemes into routine local authority activities and 
developing local mosquito control plans.123 

Box 3.5 
Asian Tiger Mosquito (Aedes albopictus) in Europe 

The Asian tiger mosquito (Aedes albopictus) has been reported in multiple European 
countries in recent decades. As a known vector of dengue and chikungunya, this species 
of mosquito is considered a serious health threat by the European Centre for Disease 
Prevention and Control. It has become established in most areas of Italy less than 600m 
above sea level. It is also prevalent in Southern France and Corsica and known to be 
spreading across Greece, Spain and the Balkan countries (Figure 3.12).  

In France, following the establishment of Aedes albopictus, a national preparedness and 
response plan to prevent and control local transmission of chikungunya and dengue was 
developed in 2006 and is updated annually.  

 

The suitable area for the Asian 
Tiger mosquito will spread in the 
future and within 50 years 
much of England and Wales 
may have a suitable climate. 
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The plan focuses on entomological and epidemiological surveillance, with increased 
surveillance between May and November as well as increasing awareness among the 
population and health professionals of the risks. Since implementation, it has led to the 
detection and containment of several episodes of local transmission of chikungunya and 
dengue, including a small outbreak of autochthonous cases of Dengue in the city of 
Nimes in the South of France in 2015 and Chikungunya in Var, South-Eastern France in 
2017. 

Source: European Centre for Disease Prevention and Control, Aedes Albopictus Factsheet for Experts; European 
Centre for Disease Prevention and Control (2021) Seasonal active surveillance for invasive mosquitos over 2017-
2019.; Succo, T. et al. (2016). Autochthonous dengue outbreak in Nîmes, South of France, July to September 2015. 
Eurosurveillance: bulletin europeen sur les maladies transmissibles = European communicable disease bulletin. 21. 
10.2807/1560-7917.ES.2016.21.21.30240.; European Centre for Disease Prevention and Control. Cluster of 
autochtonous chikungunya cases in France – 23 August 2017. Stockholm: ECDC; 2017 

 

Figure 3.12 Asian Tiger Mosquito distribution in 
Europe 

 
 

 

Source: European Centre for Disease Prevention and Control (2020), Mosquito maps.  
Notes: June 2018 distribution compared to March 2021 distribution. 

 

June 2018 

March 2021 
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Surveillance of invasive mosquitoes takes place across UK ports and in some 
motorway stations and truck stops (59 locations largely focussed on south-east 
England, where the risk of mosquitoes entering and establishing are greater). There 
is a major risk of lock-in for vectors and pathogens. * Resilience must be built 
proactively before new pathogens become established. 
There is uncertainty around if or when pathogens will become established 
however, if introduced, it is extremely difficult for a zoonotic pathogen to be 
eradicated, as it will become established within the population in the native fauna. 
The pathogens can also become adapted to their new hosts. There is not only an 
impact on people’s health but also a potentially large economic cost to local and 
central governments to monitor and control disease spread. 

Climate change and vector-borne disease is an increasing problem, that must be 
fully addressed and invested in sufficiently. The new health agency provides an 
opportunity to expand surveillance across the UK, model and monitor species of 
concern and the mechanism by which invasive species arrive in the UK and 
provide suitable indicators to measure vector abundance. The Government must 
ensure such surveillance is appropriately funded.  

Recommendation 

Fund the strengthening and widening of vector and pathogen surveillance and early 
warning mechanisms, due to the increasing risk of disease spread as a result of climate 
change and other factors. 

Department: DHSC, Timing: Now and ongoing. 

 

  

 
*   Lock-in: Early actions or decisions that involve long lifetimes or path dependency, which will potentially increase 

future risk or vulnerability and that are difficult or costly to reverse later (quasi-irreversibility). This can be from an 
action or decision that is ‘business-as-usual’, from a lack of an action or decision, or from a mal-adaptative action or 
decision. 
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3.5.3 Air quality 

2019 score:  What has changed since 2019: 2021 score: 

3 Plan score - medium 

• The plan score remains the same. The Clean Air Strategy includes long-term targets
to reduce the levels of some outdoor air pollutants and these should fall further as a
result of the implementation of Net Zero policies. However, there is no consideration
of the impact of climate change itself on air quality. Cleaner Air is one of Public
Health England’s (PHE’s) top ten strategic priorities, as set out in PHE’s Strategy 2020-
2025. The benefits of additional adaptation (to target climate induced changes in
outdoor air quality) are likely to be low, but more research is needed on pollution
and health monitoring and modelling during different weather events. The
Government proposed changes to Part F (ventilation) of Building Regulations in
2019-2021, to simplify and clarify guidance on ventilation in homes to ensure good
indoor air quality and comfort to occupants.

Risk management score - low 

• The risk management score remains the same. Poor air quality causes significant
harm to health. Vulnerability to outdoor air pollution, measures by the total number
of people living with chronic respiratory conditions (COPD and asthma), has
continued to increase. There is little evidence of monitoring of indoor air quality
occurring in existing homes.

3 

Summary of 2019 report score 

In our last report, health impacts from air quality scored a 3 (medium plan score, 
low risk management score).  
Our 2019 report found that plans and long-term targets are in place to reduce 
levels of air pollution, but these do not consider the impact of climate change of 
future air quality levels. On progress in managing risk, our previous report 
highlighted that research to address the CCRA2 research priority to understand the 
future impact of climate change on air quality was postponed, and vulnerability to 
air pollution has continued to increase.  

Has the plan score changed? 

No, the score remains the same.  

The Clean Air Strategy includes long-term targets to reduce the levels of some 
outdoor air pollutants and these will fall further with Net Zero policies. However, 
there is no consideration of the impact of climate change.  
As reported in 2019, targets and actions are in place to reduce air pollution within 
the Clean Air Strategy (CAS) and 25 Year Environment Plan. The Environment Bill 
delivers key parts of the Strategy and introduces a duty to set a legally binding 
target for fine particulate matter concentrations, and a duty to set a long-term air 
quality target. If met, future air pollution levels will be lower than now, and the 
marginal effect of climate change will act on a much lower baseline.124  

Progress summary – Air quality 

Notes: See annex for full datasets 
Key Indicators: Number of people with chronic respiratory conditions, Instances of poor air quality in homes (not yet available), Number of installations of 
functional mechanical ventilation systems in buildings (not yet available). 
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Future levels of air pollution for will fall even further with the implementation of 
virtually all changes proposed in the CCC’s Net Zero pathways.* There are several 
areas where the options adopted to meet Net Zero need to be carefully assessed 
to ensure the pathway is as beneficial as possible. For example, tree planting of 
certain species of tree and bioenergy crop may lead to increased production of 
ground level ozone and pollen that can aggravate asthma, hay-fever and other 
respiratory problems.125 126 

The benefits of additional adaptation to target climate induced changes in outdoor 
air quality are likely to be low.  
The most effective actions would be through the existing air quality policies and 
identified air quality improvement measures. These must ensure that climate risks 
are integrated into air quality policy and plans, taking account of both 2˚C and 
4˚C warming scenarios. Further action might also be beneficial around improved 
early warning and response plans for extreme events, notably where there is an 
interaction between heat and air quality.  

There is also a need for further research on pollution and health monitoring and 
modelling in different weather events.  

Cleaner Air is one of Public Health England’s (PHE’s) top ten strategic priorities, as 
set out in PHE’s Strategy 2020-2025. They are considering physical and mental 
health co-benefits from reduced exposure to air pollution, including climate 
change.  
PHE is developing a five-year programme of work which aims to reduce the 
sources of air pollution and people’s exposure to it, particularly for the most 
vulnerable groups. One priority is to understand opportunities and threats 
associated with air pollution and health, including climate change.127  

Fewer options are available to control pollen sources. 
The benefits of further action are mostly in further research and analysis of the 
linkages, and enhanced health advice and public warning systems. These are low-
regret options.  

The Government has proposed changes to Part F (ventilation) of Building 
Regulations.  
These changes propose to simplify and clarify guidance on ventilation in new build 
homes to ensure good indoor air quality and comfort to occupants. Indoor air 
quality is determined by many factors including outdoor pollution, indoor pollutants 
and ventilation in buildings. Interventions to warm homes by reducing uncontrolled 
air leakage and prevent heat loss (e.g. through increased drought proofing and 
insultation) need to include adequate ventilation, otherwise they can worsen 
indoor air quality by concentrating pollutants generated indoors. This is an 
unintended consequence of high-performance retrofits, along with overheating, 
which can have negative impacts on respiratory conditions (including lung 
cancer), cardiovascular disease and allergic symptoms (e.g. atopic dermatitis, 
rhinitis, conjunctivitis and hay fever). These effects have major implications for 
building standards with respect to health.128  

 
*   Major benefits to air quality are predicted from, for example, widespread electrification of transport and industry,      

where electricity supply is from 'clean' sources, and from reduced livestock in agriculture which reduces the 
emissions of ammonia that contribute to an important fraction of PM2.5. There are some actions where care is 
needed with respect to potential disbenefit on air quality; for example, the avoidance of high VOC (Volatile 
organic compounds) emitting species in increased forest and bioenergy crop land cover, which may lead to 
increased production of ozone. Biogenic VOCs from trees and shrubs contribute to formation of both ozone and 
particulate matter. Their emission is highly temperature-sensitive and hence climate change is liable to have 
adverse effects. Such effects would be exacerbated by tree planting programmes unless low-emitting species were 
selected. 
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In 2020, guidance from Public Health England on selected volatile organic 
compounds (VOCs) indoors and World Health Organisation (WHO) 
recommendations for indoor pollutant levels have allowed further flexibility to be 
introduced into Approved Document F by allowing designers to asses individual 
VOCs. In 2019 MHCLG reviewed Part F of Building Regulations (for ventilation) 
alongside Part L (for energy) in new homes to ensure the right level of ventilation is 
supplied that provides good indoor air quality. Natural ventilation, continuous 
extract (MEV systems) or supply and extract (including MVHR systems), are 
recognised as effective means of ventilating a modern property if designed, 
installed, used and maintained correctly. The revised Building Regulations 
guidance in Approved Document F is expected to improve compliance with the 
standards and therefore improve indoor air quality. 

In 2021, MHCLG consulted on changes to the guidance in Approved Document F 
for existing homes.129 These proposed changes recommend that extra ventilation 
in installed when installing common energy efficiency measures in existing 
properties, as well as when replacing windows, adding rooms, refurbishing kitchens 
or bathrooms (as is currently). The proposed changes aim to prevent homes 
becoming under-ventilated and less compliant with Part F as homes become more 
energy efficient.  

Despite positive changes proposed to regulations, the UK Government’s 
‘Ventilation and indoor air quality in new homes’ paper, has shown a large 
proportion of homes simply do not comply with the current building regulations' 
requirements, and poor indoor air quality has been observed in several sample 
homes tested.130 There is a need for more accurate performance testing of new 
homes, committing developers to the standards they advertise. 

The Health Protection Research Unit on Environmental Change (2016-20) has led to 
the development of a policy brief on the issue of housing energy efficiency and 
indoor air quality (specifically with regards to radon). 

Has the risk management score changed? 

No. The evidence available on managing risk remains the same as in 2019.  

Poor air quality causes significant harm to health. 
Poor air quality is associated with heart disease and stroke, as well as exacerbating 
respiratory conditions such as asthma, chronic obstructive pulmonary disease, 
lower respiratory tract infections and carcinomas of the respiratory tract. 
Particulates are estimated to contribute to around 29,000 deaths in the UK each 
year and up to 40,000 deaths when nitrogen dioxide exposure is also included.131 

Long-term exposure to air pollution is associated with increased morbidity and 
mortality from chronic diseases, some of which have also been identified as 
increasing the risk of severe COVID-19 symptoms.  

In terms of future deaths from air quality that are attributable to climate change, 
there have been studies that model climate change impacts on air quality for 
Europe. One study estimated around 10-20 additional ozone related deaths per 
year in the UK, although a reduced number of deaths from particulate matter.132  

Vulnerability to air pollution, measured by the total number of people living with 
chronic respiratory conditions (COPD and asthma), has continued to increase. 
Vulnerability to risks from air pollution can be monitored through assessing changes 
in the vulnerable population over time for air pollution related health impacts and 
deaths.  

A large proportion of homes 
simply do not comply with the 
current building regulations' 
requirements. 

One study has estimated 
around 10-20 additional ozone 
related deaths per year in the 
UK due to climate change, 
although a reduced number of 
deaths from particulate matter. 
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Although asthma and COPD cases can be viewed as an impact indicator (along 
with related deaths), in this context the Committee are treating them as 
vulnerability indicators; people with chronic respiratory conditions are more 
susceptible to periods of high air pollution: 

• There has been a 20% increase in the number of patients receiving 
treatment for asthma in England, from 3.3 million patients in 2010-11 to 3.9 
million patients in 2019-20.133 

• The number of patients receiving treatment for COPD increased by 30% 
from 900,000 in 2010-11 to 1.2 million in 2019-20. Over this same period, the 
percentage of the total population receiving treatment for COPD 
increased from 1.6% to 1.9%.134  

• London has the lowest percentage prevalence of both COPD and asthma, 
with the North of England having the highest percentage for COPD and the 
south west for asthma. 

• Since 2001, deaths from asthma and COPD have increased by 24%.135  

• Over 85s account for nearly 50% of deaths where asthma was the 
underlying cause compared to 23% in 2001.136 

There is little evidence of monitoring of indoor air quality occurring in existing 
homes.  
Apart from the MHCLG research mentioned above there is little evidence of 
monitoring of indoor air quality occurring in existing homes.  
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3.6 Effectiveness of the emergency planning system 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - medium 

• The plan score remains the same. Climate change has now been recognised in the
National Risk Register and is being included by some Local Resilience Forum in local
resilience plans and risk registers. However, climate change is already altering the
risk profile of some hazards and extreme events are possible in the current climate.
It is unclear how this change in risk is being factored into current national risk
assessments and legislation. Local Resilience Forum report being less prepared to
respond to surface water flooding, drought and heatwaves, compared to river or 
coastal flooding.

Risk management score - medium 

• The risk management score remains the same. Resilience Direct provides a platform
for live multi-agency responses, resilience planning, exercising and recovery and
has over 83,000 users. There are warnings in place for most climate hazards.
However, climate risk is increasing, while the capacity to respond to incidents
appears to be decreasing. This may lead to the available response capacity of
some local areas becoming overwhelmed by future unprecedented events or
series of events in parallel or quick succession. Improvements in resilience should be
geographically targeted, with service vulnerability hotspots identified.

5 

Summary of 2019 report score 

In our last report, effectiveness of the emergency planning system scored a 5 
(medium plan score, medium risk management score).  
Our 2019 report found that there are plans in place for the major climate-related 
emergencies today, but these do not include a consideration of the present-day 
change in risk from climate change. Weather and climate models have been 
increasing in the level of skill and granularity and can provide an improved 
baseline understanding of the current likelihood of extreme weather events. On 
progress in managing risk, our previous report highlighted that recent events have 
shown that the response system can be stretch and that capacity to respond in 
some areas is decreasing. These factors need to be properly assessed to ensure 
emergency planning is fit for the future climate.  

Crisis response in the UK involves a diverse range of national and local 
organisations. National organisations and guidance clearly have a vital role to play 
in setting strategic direction. However, the responsibility for crisis planning and 
response at a local level in England lies with local resilience forums. 

Has the plan score changed? 

No, the score remains the same.  

Progress summary – Effectiveness of the emergency planning system 

Notes: See annex for full datasets 
Key Indicators: Environment Agency staff trained to respond to flood incidents, Number of emergency responders, Number of emergency planners and 
responders using Resilience Direct (not yet available), Time to coordinate responses to events (not yet available). 
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Climate change has now been recognised in the National Risk Register. 
In 2019 the Committee reported that the National Risk Register (NRR) (the public 
facing document of the National Security Risk Assessment, NSRA) did not 
acknowledge the projected changes in climate extremes that drive environmental 
hazards. The 2020 NRR now includes up front a section on climate change and 
recognises it as a significant crisis that the UK will need to face. There is a mismatch 
in the timescales considered by the NRR and CCRA which means that the NRR 
does not assess the impact and likelihood of climate trends, though it does now 
provide a link to the Climate Change Risk Assessment.   

It is important that changing climate risk is also factored into the NSRA. 

Climate change is already altering the risk profile of some hazards and extreme 
events are possible in the current climate.  
The CCRA3 Technical report reported that significant progress has been made in 
the attribution of extreme weather events since CCRA2, but this remains 
challenging because of the UK’s highly variable weather and the fact that these 
events are, by definition, rare.137 Recent extremes can be largely explained by the 
prevailing atmospheric circulation anomalies; however, these factors alone are not 
necessarily sufficient to explain the intensity of events, which may also have an 
underlying contribution from the warming UK climate. 

A new methodology, known as UNSEEN (UNprecedented Simulation of Extremes 
with Ensembles) is providing a valuable tool for assessing current and near-term 
climate risks by providing better estimates of the tails of the observed distribution 
for the current climate and providing bounds on what is meteorologically plausible 
in terms of extreme events. 

For example, it suggests that the severity of flooding of the Thames in 2014 should 
not be unexpected, even under present climate conditions, with even more 
extreme monthly rainfall totals possible. It has also been used to assess that there is 
an 11% likelihood of any current year of summer temperatures exceeding those in 
2018 (where summer average temperatures were close to +2oC above the 1981–
2010 average for a large swathe of southern and central England and Wales). 

It is unclear how this change in risk is being factored into current national risk 
assessments and legislation. 
A study by the British Red Cross138 recommended that there is a need for a future-
proofed framework including a clearer role for the voluntary and community 
sector. Current legislation dates from 2004 and while the Government reviewed 
the Civil Contingencies Act in 2017, finding the legislation was working as intended, 
this was prior to some significant flood events of 2017. The Red Cross reports that 
since the legislation was introduced many in the crisis response sector have learnt 
important lessons from national crisis and are adapting to new threats such as the 
increased risk of climate related events. The Government should review regulations 
and guidance under the Civil Contingencies Act to ensure the legislation is fit for 
the changing nature of crisis response in the UK, including from the impacts of 
climate change. 

Climate change is being included by some LRFs in plans and risk registers. 
An assessment of Local Resilience Plans by the British Red Cross139 found that the 
emergency plans consistently prioritised short-term needs over longer-term support. 
Longer-term issues tended to be considered within the remit of other bodies such 
as local authorities or were featured in other specific plans such as the Recovery 
Plan, highlighting a potential lack of joining up between difference strategies.  

 

There is an 11% likelihood of 
any current year of summer 
temperatures exceeding those 
in 2018. 
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A survey of Local Resilience Forum by the CCC however found that most 
responders reported that they included climate change in Local Resilience Plans 
and/or Risk Registers.* Survey responses said that climate change is usually derived 
from or embedded within assessments of risks in the National Security Risk 
Assessment (NSRA). All responders of the survey indicated that local risk 
assessments were updated once a year or more often and can incorporate 
changes to hazard likelihoods and impact.  

LRF’s capability to respond varies depending on type of event. 
The survey also found that responders felt that their LRF’s capability to respond to 
weather-related emergencies was either good or excellent. Drivers of capability to 
respond were mixed, although all LRF’s surveyed said that one factor was 
experience of previous weather-related emergencies. Other key factors included 
the availability of resilience tools (such as Resilience Direct) and resources being 
made available to fund the LRF.  

However, some LRFs felt they were not as prepared to deal with some hazards 
compared to others, a finding that is reflected in the Committee’s earlier analysis 
of emergency planning from 2014. Whilst, responders of the survey felt that LRFs 
were prepared for river and coastal flooding, cold, and snow a number said that 
they were less prepared for heatwaves, drought and surface water flooding. 

The Community Resilience Development Framework was published in September 
2019 after consultation with representatives from UK Government Departments, 
statutory responders under the Civil Contingencies Act, the voluntary and 
community sector and academics.140 The Framework provides a reference tool for 
the delivery of strategic approaches to community resilience development. 
Guidance on planning the coordination of spontaneous volunteers was also 
released, providing emergency responders with the guidance on how to plan, 
coordinate and manage spontaneous offers of support from the public during an 
emergency, including severe weather events.141  

England has Heatwave and Cold weather plans that provide guidance to health, 
social care and community practitioners and the public. However, these do not 
constitute a comprehensive long-term adaptation plan to reduce the risk of heat- 
and cold-related mortality and illness.  
The plans are due to be combined into one extreme weather plan, with an aim to 
move away from focusing on emergency response to longer-term resilience (see 
Section 3.5.1) 

The 2021 Heatwave Plan has no significant changes but does include recognition 
that concurrent risk of heatwaves and COVID-19 pandemic could amplify risks to 
health.  

Has the risk management score changed? 

No, the evidence available on managing risk remains the same as in 2019.  

 

 

 

 
*   There are 38 LRFs in England. 17 LRFs responded to the survey, representing 45% of all LRFs in England. 
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The Resilience Direct platform is a tool for live multi-agency responses, resilience 
planning, exercising and recovery.  
The Resilience Direct (RD) service currently has over 83,500 users. Resilience Direct 
capability is assessed by the resilience community and enhanced accordingly.* 

New RD mapping capability was launched in June 2020 which included new 
features to support RD users, such as Nowcasting.† Nowcasting allows responders 
to understand which access routes may be affected by surface water during high 
rainfall events and allows the emergency services to gain greater insight into the 
best routes during flooding, saving time in response. 

There are weather warnings in place for most climate hazards.  
There are well developed warning systems in place to alert the public and 
emergency responders to imminent threats of flooding, heavy rainfall, strong winds 
and heatwaves. The commissioning of year-round altering system for heat and 
cold is complete.142 The Met Office will issue a new Extreme Heat Warning service 
in June 2021, designed for extreme heat episodes and to work alongside PHE heat-
Health Alert system. The warnings will focus on impacts to the general public. 

The Cabinet Office continues to support the Met Office's year-round 
WeatherReady campaign.143 The WeatherReady campaign encourages 
individuals, families and communities to think about preparations they can make 
to prepare for and cope with severe weather. It also provides resilience 
practitioners in local authorities, local emergency responders, and voluntary sector 
partners, with up-to-date expert guidance that can be used to communicate 
severe weather advice to individuals and communities. 

The capacity to respond to incidents appears to be decreasing, while risk is 
increasing.  
The effectiveness of the emergency response system is particularly sensitive to the 
expected impacts of future increases in extreme rainfall and flood risk. The 
numbers of Civil Category 1 responders, the response times of responders, the 
number of other responders (such as volunteers and charities) and the funding 
available for local authorities can impact how much capacity and ability an area 
has to be able to respond to extreme weather events.144  

Category 1 responders are decreasing in number from the high point in 2009/10 
which could impact the emergency services’ ability to respond to any major 
situation, including floods or heatwaves: 

• Fire service personnel have decreased by 23% since 2009.145 

• Police service personnel have decreased by 8% since a peak in 2010, 
although numbers have risen since our 2019 report.146 

Whilst the number of staff working for the Ambulance Service (full-time equivalent) 
increased by 24% between 2010 and 2019, this is mostly due to an increase in 
clinical support staff rather than ambulance staff which has remained constant. 147  

This decline may lead to the available response capacity of local areas becoming 
overwhelmed by future unprecedented events or series of events in parallel or 
quick succession. 

 

 
*   Discussion with Cabinet Office (2021).  
†   The service is currently experimental and covers London, Birmingham, Manchester, Worcester and Leicester.  
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Other bodies are also available during emergencies. The armed forces have been 
used to support the response to natural disasters, for example during the response 
to Storm Dennis in 2020.148 The British Red Cross is an auxiliary to Government and 
helps authorities respond to emergencies. The voluntary and community sector 
can be used to plan for and respond to emergencies.149 

The number of Environment Agency staff who are trained and ready to respond to 
flood and environmental incidents is just above the target of 6,000 (6,408).150 Since 
the floods of winter 2015 to 2016, the Environment Agency has invested in new 
incident response kit including 40km of temporary flood barriers and 250 high 
volume pumps.  

Improvements in resilience should be geographically targeted, with service 
vulnerability hotspots identified before major events occur in areas where 
emergency services are already under strain.  
Emergency responders are required to reach urgent cases within mandatory 
timeframes, regardless of weather conditions. However, flooding of transport 
networks can add critical minutes to travel times between dispatch and arrival. A 
2020 study found that vulnerable facilities with concentrations of elderly people, 
children and people with poor health, fall outside emergency service areas during 
flood events (even relatively low-magnitude coastal/fluvial (< 1-in-30 years) and 
surface water (1-in-30 years). This indicates that for those populations who may 
need help during a flood (for example, evacuation), it is also much harder for 
emergency responders to gain access to those affected in good time.151  

 

 

 

 

 

 

 

 

 

 

 

 

  

The number of Environment 
Agency staff who are trained 
and ready to respond to flood 
and environmental incidents is 
just above the target of 6,000. 
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4.1 Introduction 

The functioning of our society and economies is heavily reliant on the services that 
infrastructure provides. Infrastructure systems in England are vulnerable to 
disruption and failure from extreme weather and a changing climate.  
Disruption to infrastructure networks from extreme weather can have significant 
implications not just for economic activity, but societal equity, health and well-
being more generally. Networks are also vulnerable to increased degradation and 
reduced performance over time as a result of long-term changes in climate. There 
have been a number of high-profile weather events causing damage to 
infrastructure in England since our last assessment. 2019 was a particularly 
significant year with intense summer and autumn rainfall producing flash floods, 
notably impacting several stations on the London Underground. In the summer of 
2019, temperatures exceeded 38oC (the hottest day ever recorded in the UK) 
which led to rail buckling and subsequent widespread damage and disruption on 
the rail network in England. A lightning strike in August that year caused a loss of 
power to one million customers including homes, businesses, one hospital and 
Newcastle Airport, and triggered disruption on the rail network. Winter flooding led 
to widespread disruption in South Yorkshire, quickly followed by the impacts of 
Storm Ciara and Dennis in early 2020. 

The UK Climate Risk Independent Assessment (CCRA3)1 identifies increasing risks to 
infrastructure in England from high temperatures, flooding, drought, coastal 
erosion, and potentially wildfire in the coming decades.  
The CCRA3 Technical Report sets out the changes in climate that are expected 
over the coming decades; increasing average and extreme temperatures, 
changing rainfall patterns leading to flooding at certain times and water scarcity 
at others, and rising sea levels (see Chapter 1). An increasing frequency and 
severity of flooding from a range of sources represents the most significant climate 
change risk to UK infrastructure, including energy, transport, water, waste and 
digital communication. Assets and networks across all infrastructure sectors are 
already exposed to multiple sources of flooding, and the number of assets 
exposed could double under projected changes in climate by the 2080s. 
Projected extended periods of rainfall will increase the risk of slope and 
embankment failure - approximately 8% of the UK’s transport and road network is 
at medium to high risk of landslide disruption.2 Changes in rainfall, coupled with 
population growth, are projected to lead to supply-demand deficits in water 
resource zones across England and in some other parts of the UK by the 2050s, with 
widespread deficits projected by the 2080s. High temperatures can cause railway 
tracks to buckle, electricity cables to sag, signalling equipment to overheat and 
fail and road tarmac to soften and rut. Data centres are vulnerable to flood, high 
winds, wildfire and droughts as well as a loss of supporting power supply. While 
future projections remain uncertain, increases in maximum wind speeds 
experienced during storms would have significant implications for overhead power 
lines, data network cabling and the rail network, as well as for offshore 
infrastructure and wind turbines. 

Infrastructure assets can have very long lifetimes, in excess of 100 years, during 
which the English climate is expected to change considerably.  
Adaptation planning that considers long-term changes in the context of 2°C and 
4°C global temperature scenarios is therefore particularly important for 
infrastructure.  

There have been a number of 
high-profile weather events 
causing damage to 
infrastructure in England since 
our last assessment.  
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Infrastructure can be built from the outset to be resilient to the anticipated range 
of future climatic conditions or designed to allow it to be upgraded cost-
effectively as the climate changes, i.e. a managed adaptive approach. 

Whilst understanding of sectoral risks has improved over the last few years, the 
impacts of climate change could be amplified by interdependencies between 
infrastructure sectors, and these interactions are not well understood.  
No infrastructure network operates in isolation and a failure on one system can 
interact, and rapidly cascade into other sectors.  System resilience to climate 
change goes beyond just the individual infrastructure network and can have far 
reaching consequences. All of the major climate hazards considered in CCRA3 
could trigger a cascade effect from the power sector to other sectors; flooding, 
reduced water availability, increased temperatures and wildfire, as well as 
potential increases in storms. Interaction between climate hazards adds further 
complexity, for example combinations of drought followed by periods of intense 
rainfall can exacerbate bank stability issues. 

There have been a number of recent policy developments for national 
infrastructure and an increased focus on climate change adaptation is emerging.   
The UK Government has produced National Policy Statements which comprise the 
government’s objectives for the development of nationally significant infrastructure 
and require climate change projections to be considered when developing new 
major infrastructure assets and projects. The first National Infrastructure Assessment 
was published in 2018, which included a number of climate change related 
recommendations such as national flood resilience standards and a plan to 
enable the water sector to meet changing supply and demand in 2050. A new 
National Infrastructure Strategy was published in 2020. The 2020 Spending Review 
committed £640 billion of gross capital investment in infrastructure before 2024-25.3 

Broader societal drivers will influence the need for resilient infrastructure. 
There will be significant implications for infrastructure resilience as a result of the 
transition to a Net Zero economy, for example a marked increase in reliance on 
electricity and the development of new energy infrastructure. This is explained 
further in Box 4.1. 

Box 4.1 
Net Zero implications for infrastructure 

The UK Government has adopted a Net Zero target through a revision to the 2008 
Climate Act (such that the net UK carbon account for the year 2050 is at least 100% lower 
than the 1990 baseline).  This will impact upon the type of infrastructure the UK will be 
reliant upon in 2050 as well its role within the wider economy and society. Changes in the 
energy, water supply and transport sectors will include:   

• Increased reliance on electricity and ICT through extensive electrification, which 
amplifies the consequences of power outages and makes cascade failures to other 
networks more probable. 

• Increased significance of offshore infrastructure to electricity supply. 

• New infrastructure (e.g. hydrogen production, distribution and storage, electric 
vehicle charging points) with implications for scaling up investment in flood risk 
management. 

• Increased requirements for water for CCS and Hydrogen production increases 
vulnerability to water shortages and, if facilities are sited on the coast, coastal erosion 
and sea level rise. 

All proposed infrastructure investments will need to be critically evaluated through a Net 
Zero lens.  

All of the major climate hazards 
considered in CCRA3 could 
trigger a cascade effect from 
the power sector to other 
sectors; flooding, reduced 
water availability, increased 
temperatures and wildfire, as 
well as potential increases in 
storms. 
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Energy supplies in particular will need to become increasingly resilient to climate change 
and interdependencies will need to be better understood and managed. Work is 
needed to understand the implications of water availability projections for the energy 
sector, in the context of Net Zero. The Government’s new National Infrastructure Bank, 
announced as part of the National Infrastructure Strategy in 2020, will have a major role 
to play in supporting the transition of the UK’s economy to Net Zero emissions by 2050.  

Source: CCC (2021) The Third UK Climate Change Risk Assessment (CCRA3) - Advice to Government. 

 
In a recent White Paper, the Institution of Civil Engineers found that while the UK’s 
long-term infrastructure drivers and challenges have not changed because of 
Covid-19, in the short to medium term the pandemic highlights the need to 
prioritise investments around digitalisation of new and existing infrastructure assets.4  

In the sections below the Committee assess progress being made in accounting for 
and adapting to climate change for new infrastructure, existing infrastructure 
(broken down by sector) and with regard to infrastructure interdependencies. 
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4.2 Infrastructure interdependencies 

2019 score: What has changed since 2019: 2021 score: 

1 Plan score – low 

• The plan score has not improved, however there are promising developments
through the new National Infrastructure Strategy (NIS) and the National Infrastructure
Commission’s Resilience Study, which could lead to an improved plan score over 
the next two years. The new NIS is welcome and does acknowledge the increasingly
important need to identify and limit cascading risks across infrastructure networks.
However, there remains no systematic assessment of interdependency risk, or plan
to improve resilience or address risks and opportunities from climate change. The
Resilience Study develops a framework for the next National Infrastructure
Assessment in 2023 and identifies climate change as one of three key challenges for
resilient infrastructure.

Risk management score – low 

• The risk management score has not improved. Impacts caused by cascading
failures from weather and climate related disruptions are still not recorded and
monitored at a national scale. There remains a lack of data to assess whether
actions by individual operators are reducing risk, and opportunities for data sharing
across networks and Local Resilience Forums could be improved. Defra is promoting
use of the UKCP18 climate projections through the Infrastructure Operators
Adaptation Forum and the Adaptation Reporting Power. Defra has also been
engaging reporting organisations to include better coverage of interdependent risks
in ARP3 reports. However, the ARP3 reporting deadline exceeds the timeframe for
this report therefore the Committee have been unable to assess the extent to which
interdependent risks are being identified and managed. The transition to Net Zero
and increased reliance on electricity for heating, transport and industrial processes
will increase the potential impact of interacting risks.

1 

Summary of 2019 report score 

In our last report, infrastructure interdependencies scored a 1 (low plan score, low 
risk management score). 
In our last assessment the Committee found that there was no systematic national 
assessment of interdependency risk or plan to improve resilience, including 
addressing risks and opportunities from climate change. The report also highlighted 
issues around sharing of resilience data. 

Strategic actions to reduce risk did not appear to be happening - there are NAP 
actions to share data, but these were not on track. Some research was underway 
and the Committee acknowledged the role of the NIA in beginning to address 
vulnerabilities. While many assets were being protected to the standard set out in 
the National Flood Resilience Review, it was not known whether risks were being 
fully managed. 

Progress summary – Infrastructure interdependencies 

Notes: See annex for full datasets 
Key Indicators: There remains a lack of data on interdependent risks and resilience actions by infrastructure providers. 
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Has the plan score changed? 

No, but there are promising developments. The new National Infrastructure Strategy 
acknowledges the increasing importance of managing cascading risks from 
climate change. However, there remains no systematic national assessment of 
interdependency risk or plan to improve resilience. 

The new National Infrastructure Strategy acknowledges that the increasingly 
interdependent nature of the UK’s critical infrastructure means the need to identify 
and limit cascading risks is only becoming more important.5 The Strategy is the 
Government’s response to the National Infrastructure Commission (NIC) National 
Infrastructure Assessment (NIA) published in 2018. In its 2019 Resilience Study, the 
NIC sought feedback on cross-cutting resilience challenges facing the UK, 
especially those related to its economic infrastructure. In particular, the NIC 
focussed on the interconnected areas of digital, power, transport and water. The 
study identifies climate change, population growth and an increasing reliance on, 
and integration of, digital technologies as the top three challenges for resilient 
infrastructure in the UK.  

In its final report on the Resilience Study, the NIC concludes that there is a need for 
a new framework for resilience which anticipates future shocks and stresses; 
improves actions to resist, absorb and recover from them by testing for 
vulnerabilities; values resilience properly; and drives adaptation. The Commission 
has made three recommendations to Government, which will help to deliver the 
framework for resilience: 

• Government should publish a full set of resilience standards every five years, 
following advice from regulators, alongside an assessment of any changes 
needed to deliver them.  

• Infrastructure operators should carry out regular and proportionate stress 
tests that consider vulnerabilities from interdependencies, overseen by 
regulators, to ensure their systems and services can meet government’s 
resilience standards, and take actions to address any vulnerabilities. 

• Infrastructure operators should develop and maintain long term resilience 
strategies, and regulators should ensure their determinations in future price 
reviews are consistent with meeting resilience standards in the short and 
long term.6   

This framework will be applied to the next NIA in 2023. It is noted that the 
recommendations do not specifically include climate change considerations, and 
the report tends to focus more on resilience to one-off disruptions rather than 
resilience to a changing climate.  

Some NAP actions on cross-sectoral interdependencies are off-track and 
information sharing on interdependencies between Local Resilience Forums must 
be improved.  
In our last assessment, the Committee highlighted concerns in the extent of actions 
to manage interdependent risks and data sharing arrangements:  

“It remains unclear what action is being taken to reduce the climate risks related 
to infrastructure interdependencies. Cabinet Office should ensure that data 
sharing arrangements are in place between infrastructure providers and Local 
Resilience Forums and provide evidence to the CCC that this is happening”.  
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Local Resilience Forums (LRFs) play a key role in responding to and managing the 
impacts from extreme weather (see also Chapter 3, section 3.2.6 and 3.6). As in our 
last assessment, a biennial survey by the Cabinet Office of all local responders and 
LRFs in England has not been completed. In a survey of LRFs completed by the 
CCC for this report, when asked about the level of knowledge and information 
about the key risks to infrastructure in their area, two thirds of respondents stated 
that information on interdependencies between sectors could be improved 
(Figure 4.1). The majority of respondents also highlighted that better local 
information was needed on risks to Digital & ICT (59% of respondents) and 
electricity networks were also an area of concern (47% of respondents). LRFs 
typically felt that information on transport was sufficient*; this may be because the 
location and key attributes of transport infrastructure assets are readily available. 

Figure 4.1 LRF survey: Types of infrastructure for 
which local information could be improved  
 

 
Source: CCC survey of Local Resilience Forums, conducted in March 2021.  
Notes: There are 38 LRFs in England. 17 LRFs responded to the survey, representing 45% of all LRFs in England. Results 
for transport sectors are not shown in the chart – the % of respondents who said information could be improved for 
transport sectors is as follows: Railways 24%, Roads 18%, Airports 12% and Ports 12%. 

 
To support the assessment of interdependent risks in the CCRA3 Technical Report, 
a project was commissioned to assess how climate change affects the interaction 
of risks across the infrastructure, built environment and natural environment sectors. 
Interruptions to power supply and disruptions to IT and communication services 
were identified as having the highest number of knock-on impacts across sectors. 7 

It is particularly concerning that these are also the sectors which most LRFs 
identified in the survey as needing better information at a local level.   

 

 

 

 
* Transport includes railways, roads, airports and ports.  
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Recommendation 

Improve information sharing on climate risks to infrastructure interdependencies at a local 
level, especially for electricity, digital and ICT networks.  

As reported in our previous assessment in 2019, NAP actions to enhance arrangements for 
information sharing between local infrastructure operators and improve understanding of 
critical risks arising from interdependencies have not been completed. Defra’s link with 
Local Resilience Forums is key, and BEIS and DCMS should engage with utility companies 
to encourage standardised benchmarking and data sharing on climate risks to electricity 
networks, digital & ICT. 

Department: Defra, BEIS and DCMS. Timing: Now and ongoing. 

 
The Cabinet Office Civil Contingencies Secretariat is developing a standardised 
approach to support infrastructure owners and operators to understand the 
vulnerabilities across different critical sectors, with the goal of enhancing the 
information sharing of risks to infrastructure between Government departments 
and operators. The Cabinet Office reports that the scale of the response to the 
Covid-19 pandemic has led to some delays in delivery of this work. The Critical 
National Infrastructure Knowledge Base platform has been developed to better 
understand and manage the UK’s critical national infrastructure and its supply 
chains. While this is a promising development, the extent to which climate risks will 
be included is not yet clear.  

A sector-led forum of water companies and local authorities is being developed to 
define and develop a standardised methodology for benchmarking. The NAP 
references a National Infrastructure Resilience Council (NIRC) which was 
established to take a coordinated approach to flood resilience by utilities 
companies, however it is unclear whether any actions have yet been delivered 
under this body. These are positive developments for water and utilities sectors – 
the Department for Transport (DfT) and the Department for Digital, Culture, Media 
and Sport (DCMS) should seek to identify similar opportunities for better 
collaboration and data sharing with transport and digital sectors.  

Has the risk management score changed? 

No. There is a continuing lack of data on the vulnerability of infrastructure to 
extreme weather and the progress that has been made in improving resilience.   

Impacts caused by cascading failures from weather and climate-related 
disruptions are still not systematically recorded and monitored. Whilst there is a lot 
of good research underway, there remains a lack of data on resilience actions by 
infrastructure providers, and especially on the fragility of infrastructure networks, 
including roads, rail, energy systems and ICT. The Infrastructure Operators 
Adaptation Forum is a cross-sector group which facilitates information sharing on 
interdependencies. Defra continues to engage with this group and to promote use 
of the latest climate projections by operators in their adaptation planning and 
reporting.  

Adaptation Reporting Power reports can go a long way towards providing this 
crucial information, however, ARP3 reports have not been available for this 
assessment.  
Awareness of, and planning for, interdependent climate risks and cascade failures 
by infrastructure operators seems to be increasing and Defra is encouraging 
increased focus on interdependencies under the Adaptation Reporting Power. 
There are two key objectives in Defra’s strategy for the third round of reporting 
under the Adaptation Reporting power (ARP3):  

2531  



Progress in adapting to climate change: 2021 Report to Parliament 202 

• Support the ongoing integration of climate change risk management into 
the work of reporting organisations.  

• Reports contribute to Government understanding of the level of 
preparedness of key sectors to climate change, at a sectoral and national 
level, and feed into the Adaptation Committee’s reports to Parliament.8  

When used effectively, the ARP can present updated risks and adaptation actions 
that allows for an assessment of preparedness of all infrastructure sectors and their 
interdependencies.  
In the CCC’s review of ARP29 and our response to Defra’s consultation on ARP3, 
the Committee recommended that reporting under the ARP should be mandatory 
and reports should be completed in time to inform CCRA3 and this Progress 
Report. Defra consulted on proposals for the third round of adaptation reporting in 
2018 and concluded that the majority of respondents supported the continuation 
of voluntary reporting and there was support for the proposed timing and other 
circumstances in which the reporting power should be used.10 

With a deadline of December 2021 however, only four* ARP3 reports have been 
available for this assessment and based on the list of organisations who have 
confirmed they will report, there are expected to be gaps in coverage, particularly 
related to the resilience of canals and ports (see section 4.6 on ports).†11 These 
reports are intended to be a key feed-in to the development of the NAP and the 
CCRA. A recent policy paper by the Chartered Institute of Water and 
Environmental Management (CIWEM) also recommended the Government 
consider mandatory reporting and that the sequencing of reporting rounds should 
be modified so that reports can inform the CCRA.12  

In 2020, the UK Government set out a roadmap towards mandatory climate risk 
reporting for large companies and financial institutions in the UK by 2025, aligned 
to the reporting requirements set out by the Financial Stability Board’s Taskforce on 
Climate-related Financial Disclosures (TCFD). Using the Adaptation Reporting 
Power to the full extent set out in the Climate Change Act (2008) would send a 
very strong message on the UK’s commitment to tackling climate risks across the 
economy. 

Recommendation 

Make changes ahead of the next round of reporting under the Adaptation Reporting 
Power (ARP). When used effectively, the ARP can present updated risks and adaptation 
actions that allows for an assessment of preparedness of all infrastructure sectors and their 
interdependencies. In particular:  

• The next round of reporting must be mandatory.   

• The deadline for reporting must allow sufficient time for consideration of all the 
reports in the fourth UK Climate Change Risk Assessment, and the CCC’s statutory 
assessment of progress on adaptation. 

• The list of organisations reporting should be expanded to ensure comprehensive 
coverage of critical infrastructure and services, such as canals and food supply 
chains, as recommended by the ARP3 consultation.  

Department: Defra, Timing: 2023 

 

 
*   Anglian Water, Energy Networks Association, Energy UK (due to be published 2021) and Port of London Authority  
†   The Committee notes that the Covid-19 pandemic may have been a contributing factor in fewer organisations 

submitting their ARP3 reports early. 

When used effectively, the ARP 
can present updated risks and 
adaptation actions that allows 
for an assessment of 
preparedness of all 
infrastructure sectors and their 
interdependencies.  

2532  



203 Climate Change Committee 

4.3 Design and location of new infrastructure 

2019 score:  What has changed since 2019: 2021 score: 

6 Plan score – high 

• The plan score remains high. The new National Infrastructure Strategy (2020) states
that national infrastructure will be made resilient to future climate change, by
ensuring that its expected effects are fully considered at the design stage and
building in cost-effective mitigations over the whole life cycle of the asset. However,
there is no explicit consideration of 2°C and 4°C warming scenarios. National Policy
Statements require climate change projections to be considered when developing
new major infrastructure assets and projects - they include broad consideration of
2°C and 4°C scenarios. New Green Book supplementary guidance on climate
change recommends that projects with lifetimes beyond 2035 be assessed under a
minimum of 2°C and 4°C scenarios. The Infrastructure and Projects Authority is 
working to build tests for climate resilience into assurance processes for all
infrastructure projects on the Government’s Major Project Portfolio.

Risk management score – low 

• The risk management score remains low. Developments suggest it could improve in
the next two years, though better data is required. The progress above, in relation
to planning and assurance requirements for new major infrastructure projects,
should lead to slower rates of increase in risk. However, there are no actions in the
second National Adaptation Programme and no data to assess how the risk is
being managed.

6 

This section assesses the extent to which climate change is being considered in 
new major infrastructure in England. 

Summary of 2019 report score 

In our last report, design and location of new infrastructure scored a 6 (high plan 
score, low risk management score). 
In our last report, the Committee highlighted the role of The National Infrastructure 
Assessment (NIA) 2018 in setting out the new flood and water supply infrastructure 
needs by 2050, considering both 2°C and 4°C scenarios. The National Policy 
Statements require climate change projections to be taken into account when 
developing new major infrastructure assets and projects and include broad 
consideration of 2°C and 4°C scenarios. Nationally Significant Infrastructure 
Projects were continuing to take account of flooding, however it was more difficult 
to establish if other climate hazards were also being considered. 

On progress in managing risk, there were no new actions in the second National 
Adaptation Programme (NAP2) for this priority and based on the evidence 
available, it was not possible to assess how well the risk was being managed. 

Has the plan score changed? 

No, the plan score remains high. 

Progress summary – Design and location of new infrastructure 

Notes: See annex for full datasets 
Key Indicators: There remains a lack of data on the extent to which climate risks are being considered in the design and location of new infrastructure. 
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All new infrastructure is subject to a complex arrangement of planning and 
environmental regulations. 
The Planning Act 2008 sets out the development consent regime for nationally 
significant infrastructure projects in the fields of energy, transport, water, waste 
water, and waste. These projects are commonly referred to as major infrastructure 
projects. Climate change considerations are not fully integrated into planning 
legislation, though authorities are working to set out powers and duties related to 
adaptation.  

National Policy Statements require climate change projections to be considered 
when developing new major infrastructure assets and projects.  
They include broad consideration of 2°C and 4°C scenarios. Nationally Significant 
Infrastructure Projects are continuing to take account of flooding, though it is more 
difficult to establish if other climate hazards are being considered. The 
Infrastructure and Projects Authority (IPA) is working to build tests for climate 
resilience into assurance processes for all projects on the Government's Major 
Project Portfolio (GMPP), which will ensure that climate risks are assessed from the 
earliest stage of project development and require new projects to demonstrate 
how adaptation has been considered in project design.  

New supplementary Green Book guidance covers the consideration of climate 
change impacts in policy appraisal.  
The IPA work aligns closely with the new HM Treasury Green Book supplementary 
guidance on climate change, which supports analysts and policymakers to 
identify if and how their proposals could be affected by climate risks and 
challenges and to design adaptation measures in response.13 The guidance 
recommends that projects with a lifetime to 2035 be appraised against a minimum 
of one scenario, consistent with a global temperature rise of 2°C, but for projects 
with longer time horizons, a minimum of at least two climate scenarios should be 
considered, consistent with 2°C and 4°C warming scenarios.  

The new National Infrastructure Strategy (2020) states that national infrastructure will 
be made resilient to future climate change.  
The strategy requires that expected effects of climate change are fully considered 
at the design stage for major projects, including impacts from higher temperatures, 
more extreme weather, and increased incidence of droughts, floods, and disease, 
and building in cost-effective climate risk reduction over the whole life cycle of the 
asset. In doing so, reference is made to the risks identified in the 2017 Climate 
Change Risk Assessment and the guidance for policy and programme makers set 
out in the Green Book supplementary guidance on climate change. The 
Government has committed to embedding environmental net gain* in 
infrastructure in its 25 Year Environment Plan and is currently legislating for 
biodiversity net gain though the Environment Bill. This is discussed further in Chapter 
2 (Natural Environment), though recent work of the NIC on natural capital and 
environmental net gain for infrastructure projects is discussed further in Box 4.2. 

Box 4.2 
Infrastructure, Natural Capital and Environmental Net Gain 

The National Infrastructure Commission (NIC) provides the Government with impartial, 
expert advice on major long-term infrastructure challenges. In February 2021, the NIC 
released a discussion paper setting out its strategic position on Natural Capital and 
Environmental Net Gain.  

 
*   An approach to development that leaves both biodiversity and the environment in a measurably better state than 

prior to development. 

National Policy Statements 
require climate change 
projections to be considered 
when developing new major 
infrastructure assets and 
projects and include broad 
consideration of 2°C and 4°C 
scenarios. 
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The paper states that infrastructure developers should consider the impact of 
infrastructure development on natural capital assets and take the opportunities to 
contribute to the environment and biodiversity as part of development. Infrastructure 
projects should target environmental net gain, ensuring that infrastructure developers 
leave the environment in a measurably better state than they found it. 

The Commission supports an environmental net gain approach across all infrastructure 
projects, including major infrastructure projects. This means that: 

• infrastructure developers on all infrastructure projects should leave the environment 
in a measurably better state compared to the pre-development baseline;  

• natural capital frameworks and analysis should be used in decision making for 
infrastructure; and 

• infrastructure investors, developers, providers and operators should follow the 
mitigation hierarchy when delivering environmental net gain by: 

– avoiding impacts as far as possible;  

– minimising unavoidable impacts; and  

– as a last resort, compensating for unavoidable losses wherever the greatest 
benefits can be delivered, either locally or nationally, first considering 
compensating for losses within the development footprint. 

However, the Commission recognises that there is further work that needs to be done and 
there are challenges that need to be addressed in order to support infrastructure projects 
to achieve this. 

Source: National Infrastructure Commission (2021). Natural Capital and Environmental Net Gain – A discussion 
paper. 

 
Has the risk management score changed? 

No, the risk management score remains low, though developments suggest it is 
improving and the score could increase in the next two years. 
There are no relevant actions in the second National Adaptation Programme. 
However, the developments above in relation to planning and assurance 
requirements for new major infrastructure projects should limit the increase in risk 
from new infrastructure.   

There remains a lack of data on the extent to which climate risks are being 
considered in the design and location of new infrastructure. 
Potential sources of this information could be data from the IPA on project 
approvals for GMPPs, or possibly the Nationally Significant Infrastructure Projects 
dataset, though it is not currently collected.  
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4.4 Energy generation, transmission and distribution 

2019 score:  What has changed since 2019: 2021 score: 

8 Plan score – high 

• The plan score remains high. National Policy Statements for the energy industry, and
new rules under the planning system and the Environmental Permitting Regime,
require consideration of climate change impacts in the early stages of
development for large installations or major upgrades of existing assets. The
electricity transmission and distribution sector has cross-industry technical standards
for managing current and future flood risk and a consistent approach to identifying
critical assets at high levels of risk. The Energy Emergencies Executive (E3) and its
Committee (E3C) monitors key risks to the sector and measures in place to ensure
resilience of the system. Wind turbines and offshore energy infrastructure are heavily
regulated.

Risk management score – medium 

• The risk management score remains medium. The energy generation and network
sectors have published their ARP3 reports, collated by Energy UK and the Energy
Networks Association. There has been only one significant loss of generating
capacity due to weather since 2015, despite several episodes of extreme weather
in that time. New analysis for CCRA3 shows an increased exposure to surface water
flooding for power stations and electricity substations, even with additional
adaptation, though substations serving one million customers were assessed as
benefitting from flood protection measures from £172 million planned investment to
2023. The future planned increased reliance on electricity to power, transport,
industry and heating increases the potential impact of any risk to the electricity
system and work is needed to understand the implications of water availability
projections for the energy sector, in the context of Net Zero.

8 

Summary of 2019 report score 

In our 2019 report, energy generation, transmission and distribution scored an 8 
(high plan score, medium risk management score).  
Plans were assessed as high, as the electricity sector has a well-developed 
understanding of risks faced by flooding which is supported by design guidelines 
for energy companies which include climate change and require companies to 
protect primary substations against flooding. Plans to manage risks to nuclear 
infrastructure include consideration of all relevant hazards. 

On progress in managing risk, the Committee concluded that flood protection 
measures were being implemented by electricity supply, transmission and 
distribution companies and over 90% of sub-stations (550/589) deemed at risk of 
flooding should be resilient to a 1/1000 year flood event by 2021, reducing the 
exposure of customers at risk of interrupted supply. For other hazards and non-
primary substations, it was less clear what steps were being taken. NAP2 and the 
ARP2 reports had highlighted actions and research needed to address CCRA2 
gaps such as potential changes to wind speeds and the risk to gas networks 
crossing bridges. 

Progress summary – Energy generation, transmission and distribution 

Notes: See annex for full datasets 
Key Indicators: Future flood projections from Sayers (2020) and limited data on assets benefitting from flood protection measures (substations only) have 
been used to assess the risk management score. 
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Has the plan score changed? 

No, the plan score remains high.  

National Policy Statements for the energy industry and new rules under the 
planning system and the Environmental Permitting Regime require consideration of 
climate change impacts in the early stages of development for large installations 
or major upgrades of existing assets.  
National Policy Statements for energy infrastructure set out how applicants and the 
Planning Inspectorate should take the effects of climate change into account 
when developing and consenting infrastructure. The Inspectorate should be 
satisfied that applicants for new energy infrastructure have taken into account the 
potential impacts of climate change using the latest UK Climate Projections 
available at the time the Environmental Statement was prepared. This should cover 
the estimated lifetime of the new infrastructure. The Environmental Impact 
Assessment (EIA) Regulations were updated in 2019, requiring energy infrastructure 
above a certain capacity to provide climate change risk assessments to the 
Planning Inspectorate as part of their planning application.   

The electricity transmission and distribution sector has cross-industry technical 
standards for managing current and future flood risk and a consistent approach to 
identifying critical assets at high levels of risk.  
Engineering Standard ETR138, updated in 2018, remains the industry standard for 
assessing and addressing asset risk from flooding. Planned actions by electricity 
supply, transmission and distribution companies are expected to see over 90% of 
substations deemed at risk of flooding become resilient to 1 in 1000-year flood 
events by 2021. This is in line with standard ETR138, which applies this requirement to 
primary substations with over 10,000 connections. This standard includes an 
assessment of the risks from flooding to all new and existing sites. It is not clear what 
actions are being taken for non-primary substations.  

The Energy Emergencies Executive (E3) and its Committee (E3C) monitors key risks 
to the sector and measures in place to ensure resilience of the system. Energy 
distribution companies are including flood protection proposals in their ED2 
stakeholder plans with the intention of continuing the retrospective protection of 
key sites vulnerable to flood risk. Engineering Standard ETR 132 requires Network 
Operators to fell a proportion of trees within falling distance of overhead lines. The 
ENA has commissioned a research report to understand impacts of changes in 
climate projected in UKCP18 on energy assets.  

Wind turbines and offshore energy infrastructure are heavily regulated in design 
and operation.  
Wind turbines are designed for specific climatic conditions in accordance with IEC 
61400, an International Standard published by the International Electrotechnical 
Commission. The standard prescribes a set of design requirements to ensure that 
wind turbines are appropriately engineered to provide sufficient structural integrity 
against damage from all hazards within the planned lifetime of the asset. Design 
codes are evolving to include requirements to allow for future effects of climate 
change in the selection of environmental loads and other actions on offshore 
infrastructure. Any new offshore windfarms and transmission assets connected to 
the National Grid Transmission system will be subject to Ofgem connection 
requirements, including resilience to extreme disruptive weather. 

Has the risk management score changed? 

No, the risk management score remains medium.  

Planned actions by electricity 
supply, transmission and 
distribution companies are 
expected to see over 90% of 
substations deemed at risk of 
flooding become resilient to 1 
in 1000-year flood events by 
2021.  
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The energy generation and network sectors have published their ARP3 reports, 
collated by Energy UK and the Energy Networks Association (ENA). 
The scope of the Energy UK ARP3 report has been broadened compared to earlier 
ARP reports, from large (>100 MWe) thermal and hydroelectric power stations to 
include smaller (50 MWe to 100 MWe), distributed thermal plant and large (>100 
MWe) wind turbine assets. The report is based on an assessment of risk under 
UKCP09 climate projections, however a review by the Joint Environmental 
Programme for the ARP3 report found that the conclusions of the previous 
assessment do not change under UKCP18 projections. All adaptation actions 
identified in the first adaptation report have been progressed and 73 of the 88 
agreed actions have now been completed. All of the reporting companies assess 
climate risks as part of their corporate risk management processes and a number 
of Energy UK member companies are signed up to the Task Force for Climate-
related Financial Disclosures.* The report states that the sector is continuing to 
understand and address interdependencies through:  

• Engagement with other infrastructure sectors, for example the Infrastructure 
Operators Adaptation Forum; 

• Engagement with research, for example the interacting risks project 
commissioned for CCRA3;  

• Responding to and learning from outages with widespread impacts, such 
as the 2019 lightning strike outage; and 

• Working to support Black Start permit conditions†. 

The ENA report14 consolidates progress by gas and electricity network operators 
and highlights that interconnections between different industry sectors is a major 
source of risk for the energy network, with telecommunications and road transport 
thought to be the most important sources of risk. The report includes an updated 
risk assessment for energy networks and sets out the actions being taken to address 
those risks. Risk scores for 2050 have not been allocated in the report, which states 
there are too many variables that could affect the magnitude of climate change 
impacts, including Net Zero strategy.  

There has been only one significant loss of generating capacity due to weather 
since 2015, despite several episodes of extreme weather in that time. However, 
cascading impacts from a power outage across sectors can be significant. 
In February 2018, the ‘Beast from the East’ and Storm Emma weather events 
brought freezing temperatures, blizzards and high winds, prompting a Red alert 
from the Met Office. The summer of 2018 was exceptionally dry and warm weather 
– the second warmest June on record for the UK - and in February 2020 Storms 
Ciara and Dennis brought very strong winds and heavy rain in one of the wettest 
months ever recorded. Energy UK reports that electricity generation was not 
significantly affected in any of these instances.15 A lightning strike in August 2019 
caused a loss of power to one million customers including homes, businesses, one 
hospital and Newcastle Airport, and triggered disruption on the rail network (Box 
4.3). In response to that event, the Energy Emergencies Executive Committee 
(E3C) (in which Energy UK participates) put forward a list of recommendations to 
enhance the security of the network, and to prevent and manage further power 
disruption events.  

 
*   Including Centrica, Drax Power, EDF Energy UK, SSE and Uniper 
†  A Black Start Event is a significant partial or total failure of the electricity supply system across Great Britain.  

There has been only one 
significant loss of generating 
capacity due to weather since 
2015, despite several episodes 
of extreme weather since 2015. 
However, cascading impacts 
from a power outage across 
sectors can be significant. 
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The resulting actions, in alignment with those from Ofgem’s independent 
investigation, are being taken forward through the E3C and its various Task 
Groups.16  

Box 4.3 
Cascading impacts from 2019 power outages in England and Wales 

All of the major climate hazards considered in the CCRA could trigger a cascade effect 
from the power sector to other sectors; flooding, reduced water availability, increased 
temperatures and wildfire, as well as potential increases in storms. 

Power outages in England and Wales on the 9th of August 2019 demonstrate the 
potential for cascading infrastructure failure (Ofgem, 2020). The event was triggered by a 
lightning strike on the Eaton Socon-Wymondley circuit between Cambridgeshire and 
Hertfordshire, causing a routine fault on the national electricity transmission system and 
the disconnection of a number of small generators connected to the local distribution 
network. Simultaneously, two larger generators (Hornsea 1 Limited and Little Barford) 
experienced technical issues and were unable to provide power. The combined power 
losses exceeded the back-up power generation capacity of the Electricity System 
Operator (ESO), triggering a power outage.  

A total of 892 megawatts (MW) of net demand was disconnected from local distribution 
networks. The electricity supply of over one million consumers was interrupted. The outage 
had significant knock-on impacts for the rail sector, with the Train Operating Company 
(TOC) Govia Thameslink Railway experiencing stranded trains, triggered by on-board 
automatic safety systems. This in turn caused knock-on delays across the rail network 
(Ofgem, 2020). Hornsea 1 Limited and RWE Generation UK plc (operators of Little Barford) 
each agreed to make voluntary payments of £4.5m to the Energy Industry Voluntary 
Redress Scheme. 

Source: The Third UK Climate Change Risk Assessment Technical Report, Chapter 4: Infrastructure. 

 
New future flood projections show an increased risk of surface water flooding for 
power stations and electricity substations, even with additional adaptation.  
New analysis for CCRA3 (Sayers et al., 2020) found that 170 power stations and 463 
electricity substations are currently exposed to significant risk of surface water 
flooding (1:30 or greater) in England. 53 power stations and 143 substations are 
currently exposed to significant risk of river flooding (1:75 or greater). With current 
levels of adaptation, updated flood projections show that the risk of surface water 
flooding for power stations and electricity substations still increases compared to 
present day (Figure 4.2). The adaptation shortfall remains even under an 
enhanced adaptation scenario that goes over and above current planned 
adaptation action. By the 2080s in a 4°C world, the increase in risk is as high as 
101% for electricity substations.17   

Conversely, Sayers et al (2020) project that under current and announced 
adaptation measures, energy assets in England will be well protected from river 
flooding. Under a low population and no additional adaptation scenario, the 
number of power stations and electricity substations at risk are projected to 
decrease by at least 56% in a 4°C world by the 2080s. 

There is evidence of continued investment from flood protection measures.  
Substations serving one million customers were assessed to benefit from flood 
protection measures from £172 million planned investment between 2011 and 
2023. 

 

 

 

170 power stations and 463 
electricity substations are 
currently exposed to significant 
risk of surface water flooding 
(1:30 or greater) in England. 53 
power stations and 143 
substations are currently 
exposed to significant risk of 
river flooding (1:75 or greater).  

Under current and announced 
adaptation measures, energy 
assets in England will be well 
protected from river flooding - 
the number of power stations 
and electricity substations at 
risk are projected to decrease 
by at least 56% in a 4°C world 
by the 2080s. 
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Figure 4.2 Number of electricity assets at 
significant risk of surface water flooding under a 
range of climate change scenarios 

 
 

 Source: Sayers et al (2020). Third UK Climate Change Risk Assessment (CCRA) Future flood risk.  
Notes: Data extracted for the CCRA3 technical chapters from the results database available at 
www.ukclimaterisk.org. The climate scenarios presented above assume current levels of adaptation and low 
population growth in the mid and late century.    

 
Research is underway to better understand the implications of UKCP18 projections 
on energy networks.  
The Energy Networks Association (ENA) has engaged the Met Office to undertake 
research and provide a report on the impact of climate change factors on energy 
industry assets and operation using the revised UKCP18 data, including identifying 
regional differences. The report from this research has been used to assess the 
current risks to the energy network in the ARP3 report. Work is needed to 
understand the implications of CCRA3 water availability projections for the energy 
sector, in the context of Net Zero.  

There will be significant implications for energy infrastructure resilience and water 
abstraction as a result of the transition to a Net Zero economy. 
There will be significant implications for energy infrastructure resilience and water 
abstraction as a result of the transition to a Net Zero economy. The UK will become 
heavily dependent on electricity as our dominant energy source as we reduce our 
greenhouse gas emissions to Net Zero. While electricity provides about 15-20% of 
our energy today, by 2050 it could account for 55-65%, used for light, heat, 
communications, transport, industry and delivery of other critical services such as 
water. 18 This is alongside a potential increased reliance on renewables for 
electricity generation to 80% by 2050.* 19 This will necessitate the development of 
new energy infrastructure, energy supplies will need to become increasingly 
resilient to climate change and interdependencies will need to be better 
understood and managed.  

 
* Under the CCC’s Balanced Pathway to Net Zero from the Sixth Carbon Budget Report.  
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In their ARP3 report, Energy UK notes that future access to sufficient and reliable 
freshwater supplies will remain a priority issue for the energy sector for the 
foreseeable future, given uncertainties around the future energy mix and the 
water-dependent nature of Carbon Capture Usage and Storage, Bioenergy with 
Carbon Capture and Storage, and hydrogen production.  
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4.5 Public water supply infrastructure 

2019 score:  What has changed since 2019: 2021 score: 

8 Plan score – high 

• The plan score remains high. The Draft National Policy Statement for Water
Resources Infrastructure sets out how the applicant and the Secretary of State will
consider the effects of climate change when developing and considering water
resource NSIP applications, using the latest UK Climate Projections. Ofwat set out a
£51 billion five-year investment package in its 2019 Price Review for the 2020-25
period, including requirements for water companies to cut leaks by 16% and
reduce mains bursts by 12%. The water industry has committed to a 50% reduction in
leakage by 2050. 

Risk management score – medium 

• The risk management score remains medium. Total leakage for 2019/20 was 2950
ml/d - this represents a 7% reduction in leakage on 2017/18 levels. All but one water
company in England met their leakage targets in 2019-20. Though there has been
some progress in reducing leakage since our last assessment, the long-term trend is
unclear and continued progress is required before the risk management score can
be improved. The Consumer Council for Water reported in 2020 that though there
has been a reduction in interruptions to supply (11% less than the previous year),
performance over the last 5 years has remained static and consumers are still
experiencing more interruptions than they should. In its initial assessment of water
company plans for 2020-25, Ofwat stated that while all companies plan to improve
the resilience of their services and systems, resilience in the round needs to be more
firmly embedded across the whole of each water company’s business.

8 

This section considers progress in preparing for climate change in public water 
supply infrastructure, such as supply-side measures and structural improvements to 
water company networks, to reduce leakage and make water supply 
infrastructure resilient to extreme weather. Demand-side measures are typically 
lower regret and should be pursued first in balancing the supply and demand for 
water. Chapter 3 considers demand-side measures to reduce household water 
consumption and the use of water by businesses and industry is discussed in 
Chapter 5. Water in the natural environment is considered in Chapter 2.  

Summary of 2019 report score 

In our last report, public water supply infrastructure scored an 8 (high plan score, 
medium risk management score).  
The Water Resource Management Plans (WRMPs) set out how water companies 
have committed to more ambitious targets to reduce leakage and many had 
considered possible options for new water supply infrastructure and improving 
resilience to extreme weather. 

On managing risk, progress in reducing leakage had slowed compared with during 
the 1990s. It was apparent that water companies were investing to improve 
resilience, but it was not clear if this investment would be adequate to address 
future risks from climate change. 

Progress summary – Public water supply infrastructure 

Notes: See annex for full datasets 
Key Indicators: Total actual and forecast leakage for all water companies. Interruptions to supply. 
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Has the plan score changed? 

No, the plan score remains high. The National Policy Statement for water 
infrastructure will incorporate the latest climate projections and evidence from the 
third UK Climate Change Risk Assessment.  
The Planning Act requires the Secretary of State to have regard to the desirability 
of mitigating, and adapting to, climate change in designating a National Policy 
Statement (NPS). The Draft NPS for Water Resources Infrastructure sets out how the 
applicant and the Secretary of State will consider the effects of climate change 
when developing and considering water resource Nationally Significant 
Infrastructure Projects applications, using the latest UK Climate Projections. The 
draft NPS for water identifies areas where climate change adaptation should be 
incorporated into detailed design, such as flood risk and coastal change, 
biodiversity and nature conservation and water quality. Detailed consideration 
must be given to the range of potential impacts of climate change (for example, 
the 10th, 50th and 90th percentiles) using the latest UK Climate Projections 
available at the time, and to identify appropriate adaptation measures. This should 
cover the estimated lifetime of the new infrastructure.  

Under the draft NPS, any adaptation measures should be based on the latest set of 
UK Climate Projections, the most recent UK Climate Change Risk Assessment, 
consultation with statutory consultation bodies, and any other appropriate climate 
projection data. The government consulted on the draft NPS for water resources in 
2018/19. The final NPS was due to be laid in 2019 but has been delayed. 

Water companies continue to set targets to increase the resilience of water 
supplies.  
Ofwat set out a £51 billion five-year investment package in its 2019 Price Review for 
the 2020-25 period, including requirements for water companies to cut leaks by 
16% and reduce mains bursts by 12% (both relative to 2017-18 levels by 2025).20 In 
2019 the water industry announced a new Public Interest Commitment21 with a 
goal to triple the rate of leakage reduction by 2030 and the industry has 
committed to reducing leakage by 50% (on 2017-18 levels) by 2050 at the latest. 22 
The 50% reduction was a recommendation from the National Infrastructure 
Commission.23  

The next round of water company plans will incorporate the latest UK climate 
projections and set stricter leakage targets.  
Current water company plans (WRMP19) use climate change data from UKCP09. 
WRMP24 is making use of UKCP18 and will include options to further reduce 
leakage. In 2019 the water industry announced a new Public Interest Commitment, 
which was created in response to dialogue with customers which revealed that 
they would like the water industry to do more, not just to improve services, but also 
to tackle wider social and environmental challenges. As part of the Public Interest 
Commitment, water companies have agreed to work together towards five 
challenging goals, one of which is to triple the rate of leakage reduction across the 
sector by 2030. A programme of work to help achieve each of the above goals will 
be led by a member of the Water UK board and an independent panel will be 
established to report annually on how well the sector is performing collectively. 

Has the risk management score changed? 

No, the risk management score remains medium. There has been some progress in 
reducing leakage since our last assessment, though continued progress is required 
before the risk management score can be improved. 
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Total leakage for 2019/20 was 2,950 ml/d - this represents a 7% reduction in 
leakage on 2017/18 levels (Figure 4.3). Leakage has remained at a similar level 
since 2011/12 but is beginning to fall. All but one water company in England met 
their leakage targets in 2019-20. 

Figure 4.3 Total leakage for all water companies 
from 2000-01 to 2019-20 against future 
commitments 

 
 

 

Source: Total leakage data from consumer Council for Water, Water & Wastewater Resilience Report 2019/20, Data 
Appendices. Ofwat 2025 commitment from 2019 Price Review for the 2020-25 period. Industry 2025 commitment 
from a letter from Water UK to the Secretary of State on 17/10/2018. 
Notes: Purple line shows actual leakage for all water companies in England for the period 2001-02 to 2019-20. 
Yellow square shows the Ofwat performance commitment to reduce leakage by 16% (on 2017-18 levels) by 2025. 
Orange triangle shows industry commitment to reduce leakage by 50% (on 2017-18 levels) by 2050. 

 
Ofwat have set performance commitments to cut leakage by 16% by 2025 (on 
2017-18 levels) and the industry has committed to reducing leakage by 50% (on 
2017-18 levels) by 2050 at the latest. The 50% reduction was a recommendation 
from the National Infrastructure Commission.  

Interruptions to water supply are reducing, though these are still considered to be 
higher than they should be.  
The Consumer Council for Water reported in 2020 that though there has been a 
reduction in interruptions to supply (11% less than the previous year), performance 
over the last 5 years has remained static and consumers are still experiencing more 
interruptions than they should.24 Interruptions are not exclusively from extreme 
weather, though extreme weather is the predominant cause and the industry 
focus is on reducing weather-related interruptions.  

In its initial assessment of water company plans for 2020-25, Ofwat stated that while 
all companies plan to improve the resilience of their services and systems, 
‘resilience in the round’ needs to be more firmly embedded across the whole of 
each water company’s business. Our assessment of progress in demand-side 
measures to improve the resilience of the public water supply, including analysis of 
trends in per capita consumption and the uptake of water metering, is set out in 
Chapter 3.  

Total leakage for 2019/20 was 
2,950 ml/d - this represents a 7% 
reduction in leakage on 
2017/18 levels. 
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4.6 Ports and airports 

In previous assessments, ports and airports have been combined into one 
adaptation priority. In this report, they have been given separate scores to reflect 
emerging differences in the publicly available information on the extent of 
planning for climate change across these two sectors, as well as the different 
climate hazards to which these sectors are vulnerable. 

Summary of 2019 report score 

In our last report, ports and airports scored a combined score of 5 (medium plan 
score, medium risk management score). 
Resilience standards and performance are, in general, left to individual port and 
airport operators to determine. Gatwick and Heathrow are required to produce 
resilience plans and incorporate resilience into businesses planning. Our last report 
reiterated that the Adaptation Reporting Power could present sector-wide 
reporting for ports and airports, however without making the Adaptation Reporting 
Power mandatory, the Government has no assurance that risk is being effectively 
managed completely in these sectors as not all operators had submitted a report 
in ARP2.   

On progress in managing risk, the report highlighted that NAP2 actions are focused 
on developing a better understanding of risk, rather than reporting on changes in 
vulnerability. There had been progress at some ports in raising quay heights and 
assessing interdependencies, however actions at airports to improve flood 
resilience had been more reactive. There was limited data available to assess the 
frequency of disruptions to port and airport operations from extreme weather 
events, and how this might change in the future. 

2019 score: What has changed since 2019: 2021 score: 

5 

(Ports and 
airports 
combined) 

Plan score – low 

• Resilience standards for ports are left to individual operators and due to their
commercial nature, there is limited information available on the extent of planning
for climate change impacts.  The Department for Transport report that they 
continue to liaise with ports and disseminate relevant climate risk information.
Several port operators declined to participate in the second round of the
Adaptation Reporting Power (ARP2) and expected participation in ARP3 is unclear. 
The Port of London Authority (PLA) has, however, submitted a third-round report
ahead of the deadline. 

Risk management score – medium 

• There is no new data available to assess the frequency of disruptions to port
operations from extreme weather events, and how this might change in the future.
The PLA ARP3 report acknowledges the benefits of adaptation reporting and
identifies new risks from climate change. ARP3 reports may provide detail on
adaptation actions to manage risk across the sector, however only the PLA report
was available the time of assessment. There are limited actions in the NAP related
to ports.

2 

(Ports) 

Progress summary – Ports 

Notes: See annex for full datasets 
Key Indicators: There are no data available to assess the extent to which ports in England are resilient to climate change.  
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What is the plan score?*  

The plan score is low.  

There is limited information available on the extent of planning for climate change 
impacts by port operators.  
Ports are not subject to economic regulation and as a result there is a general lack 
of data regarding the overall resilience of ports compared to most other regulated 
sectors.  Resilience standards for ports are left to individual operators and due to 
their commercial nature, there is limited information available on the extent of 
planning for climate change impacts. Since our last assessment, the implications of 
Brexit have been a key focus for the sector.  

Internationally, there is non-mandatory guidance from the World Association for 
Waterborne Transport Infrastructure (PIANC, Working Group 178) regarding climate 
change adaptation for ports and inland waterways. It is not clear how many ports 
in England have implemented this guidance. The growing importance of and 
increased investment in freeports† presents an opportunity for early adaptation.  

What is the risk management score? 

The risk management score is medium.  

There is no new data available to assess the frequency of disruptions to port 
operations from extreme weather events, and how this might change in the future. 
ARP3 reports may provide detail on adaptation actions to manage risk, however 
only one ARP3 report from the ports sector, the Port of London Authority, was 
available at the time of assessment. Half of the UK’s port capacity is located on the 
east coast, where the risk of damage from a tidal surge is greatest.  Sea-level rise of 
around or beyond 50cm by 2080 is a particular concern, especially for some 
ageing port infrastructure, but flooding and physical damage to harbour 
infrastructure will also become an increasing threat. 25 It is also important to 
manage interdependencies with other infrastructure, particularly energy and the 
preparedness of the road and rail networks for climate change.   

The Port of London Authority ARP3 report acknowledges the benefits of adaptation 
reporting and identifies new risks from climate change.  
Following submission of the first ARP report in 2011, the Port of London Authority 
(PLA) has been reviewing climate risks regularly, undertaking adaptation measures, 
and collecting monitoring data the changes. PLA states that these actions have 
helped the PLA better understand the extent of the impacts and enable the 
evaluation of the action’s effectiveness.  

The report sets out new adaptation measures to address the following previously 
unidentified risks:  

• Risks on the delivery of the Net Zero commitments of the organisation;  

• An increased risk on port trade by climate change-induced disruption in 
the international supply chain; and  

 
*   As the ports and airports adaptation priorities have been split out for the first time in this report, the assessment 

questions are slightly different. For all other adaptation priorities in this report the assessment questions are ‘Has the 
plan score changed?’ and ‘Has the risk management score changed?’. 

†   An area that is exempt from customs duties and tariffs to enable added-value processes to take place. 
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• The increased chance of pandemics which affect port trade, inland freight 
and passenger transport;   

PLA has been collaborating with the Environment Agency, including data sharing 
with regard to river flow level, monitoring the changes and managing the 
foreshores, liaising on the operation and maintenance of flood defences, 
engaging with the 10-year full review of the TE2100 plan, and the River Basin 
Management Plan for the Thames catchment.  

ARP reports could provide key information about the actions port operators are 
taking to identify and manage climate risks, but a sector-wide picture is not 
available.    
Six port operators submitted a report in round 2, while a number of operators 
invited to report declined to do so.26 Only seven operators have indicated they will 
submit a report for round 3 in 2021.27 Without making the Adaptation Reporting 
Power mandatory, the Government has no assurance that risk is being effectively 
managed in this sector. A more tailored approach for the ports sector may be 
appropriate, to ensure key information on climate risks and adaptation actions is 
being captured. Information that would enable an evidence-based assessment of 
the vulnerability could include time-series data on the number of disruptions 
caused by extreme weather events and the level of investment being made in 
improving standards of resilience. 

Recommendation 

Work with Port Operators and the British Ports Association to ensure the format of reporting 
under the Adaptation Reporting Power is appropriate for port operators and that the right 
operators are being asked to report. Defra should work with these organisations to identify 
what further support could be offered to enable more comprehensive reporting on 
adaptation by the ports sector. 

Department: Defra, Timing: 2023 

 
There are limited actions in the NAP related to ports.  
The Department for Transport (DfT) continue to liaise with ports and disseminate 
relevant climate risk information. It is understood that there are individual projects 
to look at interruptions from extreme weather, but these are not industry wide. 
Shoreline Management Plans are in place for the full length of the English coastline 
and while they provide long-term considerations for all parts of the English coast, 
they cannot be relied upon as committed adaptation plans as they are non-
statutory and unfunded.  

 

 

 

 

 

 

 

Without making the Adaptation 
Reporting Power mandatory, 
the Government has no 
assurance that risk is being 
effectively managed in this 
sector.  
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2019 score: What has changed since 2019: 2021 score: 

5 

(Ports and 
airports 
combined) 

Plan score – medium. 

• Resilience standards for most airports are left to individual operators, though 
Gatwick and Heathrow are required to produce resilience plans and incorporate
resilience into business planning. Flood risk is assessed by airports with over five
million passengers per year through their annual resilience plans. A new Aviation 
2050 Strategy is expected - the draft strategy proposes that Government works with
the aviation industry to improve resilience to weather but does not mention
adapting to specific levels of future climate change such as 2°C or 4°C warming
scenarios.

Risk management score – medium. 

• There are limited data available to assess the frequency of disruptions to airport
operations from extreme weather events, and how this might change in the future,
though actions being taken by individual airport operators should be lowering risk,
in particular in relation to flooding. Defra expects all airports to submit an ARP3
report, however these were not available at the time of this assessment. Though the
impacts of climate change on airports are expected to be lower than other
transport modes (CCRA2), it is important to manage interdependencies with other
infrastructure, particularly energy and the preparedness of the road and rail
networks for climate change.

5 

(Airports) 

What is the plan score?*  

The plan score is medium.  

The two major airport operators in England must produce resilience plans under 
economic licence conditions and larger airports assess flood risk annually.  
The mandatory preparation of resilience plans for Gatwick and Heathrow airports 
continues to be governed by economic licence conditions.  These require 
resilience plans to be incorporated into business plans. Other airport operators 
continue to responsible for their own resilience planning and flood risk is assessed 
by airports with over five million passengers per year through their annual resilience 
plans. Heathrow airport has begun the planning process for the next regulatory 
period (2019-2023) which includes a climate change adaptation risk register and 
incorporating climate change adaptation into business planning processes.  

A new Aviation 2050 Strategy is expected.  
The draft strategy proposes Government works with the aviation industry to 
improve resilience to weather but does not mention 2°C or 4°C warming scenarios. 
The strategy was consulted on in 2019 but has not yet been published.  

*  As the ports and airports adaptation priorities have been split out for the first time in this report, the assessment 
questions are slightly different. For all other adaptation priorities in this report the assessment questions are ‘Has the
plan score changed?’ and ‘Has the risk management score changed?’. 

Progress summary – Airports 

Notes: See annex for full datasets 
Key Indicators: There are no data available to assess the extent to which airports in England are resilient to climate change.  
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As an industry, airport operators appear to be actively collaborating to improve 
resilience across the sector.  
The Industry Resilience Group - a collaboration between airports, airlines, air traffic 
control and regulators – was created in 2018 to ensure the activities and changes 
identified by the Voluntary Industry Resilience Group in its report to industry are 
delivered. The output will support a systemised approach to the way in which the 
UK’s aviation network is planned and operated to enhance its day to day 
operating resilience. The Airport Operators Association convenes an adaptation 
working group with UK airports quarterly. 

What is the risk management score?   

The risk management score is medium.  

There are limited data available to assess the frequency of disruptions to airport 
operations from extreme weather events.  
While the impacts of climate change on UK aviation are expected to be the least 
significant of all transport modes, interdependencies with other infrastructure 
networks can be problematic, in particular power and ICT. The safety critical 
nature of airport operations means that even a small flood or power outage due 
to extreme weather can cause major disruption. Flooding of road and rail 
infrastructure can also affect passenger travel to and from airports.  A widespread 
power cut due to extreme weather in 2019 affected two airports in England, and 
extreme weather caused widespread disruption at Gatwick airport on Christmas 
Eve 2013: unprecedented levels of river flooding led to the loss of three airfield 
electrical sub stations that serve the runway’s lighting system; heavy rainfall caused 
the North Terminal basement to be flooded leading to the loss of electrical power 
and of some key systems; and local transport networks – both road and rail – were 
also severely impacted by the weather.  

There is only one action in the NAP for adaptation actions by airports.  
This is focused on improving the understanding of risk rather than reporting on 
reducing vulnerability or exposure. Birmingham, Gatwick, Glasgow, Heathrow, 
Manchester Group (including East Midlands), and Stansted Airports all reported for 
ARP2 and Defra states that all airports are expected to report in ARP3, however, 
participation is voluntary. The ARP3 reports will include climate risk assessments and 
steps to increasing resilience, however these were not available on time for this 
assessment.   

While there is a lack of data to assess the risk for this report, the actions being taken 
by the industry set out above are promising. In particular, the Committee will be 
interested to see the new Aviation 2050 strategy and the outputs of the Industry 
Resilience Group.    

  

While the impacts of climate 
change on UK aviation are 
expected to be the least 
significant of all transport 
modes, interdependencies with 
other infrastructure networks 
can be problematic, in 
particular power and ICT. 
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4.7 Rail network 

2019 score:  What has changed since 2019: 2021 score: 

8 Plan score - high 

• The plan score remains high. The rail sector continues to prepare for climate risks
across a range of warming levels - Network Rail has now published Weather and
Route Climate Change Adaptation plans for all routes, which includes
consideration of warming scenarios exceeding 4°C. Network Rail has published its
Environmental Sustainability Strategy to 2050  and Adaptation Roadmap, with 
defined outcomes to incorporate long-term adaptation planning and investment 
into business as usual by 2034.

Risk management score - medium 

• The risk management score remains medium. There are limited data on trends in
vulnerability to climate risks, though weather-related delay data is relevant.
Monitoring data from Network Rail’s climate risk assessment is expected to provide
better trend data in future. The rail sector remains at increasing risk of river and
surface water flooding under a continuation of planned adaptation action, and 
increased heat risk causing rails to buckle, overhead cables to sag and signals to
fail.

8 

Summary of 2019 report score 

In our last report, the rail network scored an 8 (high plan score, medium risk 
management score).  
Weather resilience and climate change adaptation plans were in place for each 
Network Rail route. The plans set out actions, timeframes, accountability and 
responsibilities in relation to implementing resilience measures under a medium 
emissions scenario. A climate change and weather resilience strategy was also in 
place, which is a good starting point for a framework to embed adaptation and 
resilience into policies, standards, decisions and investment. 

The risk management score was assessed as medium. Though actions relating to 
rail infrastructure were associated with risk reduction and likely reducing 
vulnerability in some areas, the Committee did not have the evidence required to 
show this. The main indicators available for rail reliability were delay data and 
although of interest, they did not give a sense of how vulnerability to climate risk 
was changing. 

Has the plan score changed? 

No, the plan score remains high. The rail sector continues to prepare for climate 
risks in a range of future warming scenarios, exceeding 4°C.  

Progress summary – Rail network 

Notes: See annex for full datasets 
Key Indicators: The total number of minutes delay per type of weather-related incident in England recorded by Network Rail between 2006-07 and 2020-
21. Updated number of bridge sites at intolerable risk of bridge scour. 
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Network Rail has now published updated Route Weather Resilience and Climate 
Change Adaptation (WRCCA) plans for all routes, which contain actions which 
prepare for warming scenarios exceeding 4°C.28  According to the Control Period 
6 WRCCA Plan Progress Report for 2019 – March 2021, the target of 80% of 
milestones completed has been met or exceeded for six of the eight plans.*29   

Network Rail also has a new Adaptation Roadmap with defined outcomes to 
incorporate long term adaptation planning and investment into business as usual 
by 2034 (Box 4.4). 

Box 4.4 
Network Rail Climate Change Adaptation Roadmap 

Network Rail has set out an Adaptation Roadmap with defined outcomes to incorporate 
long term adaptation planning and investment into ‘business as usual’ operations by 
2034.  

Key milestones:  

• Asset policies and standards updated to reflect long-term climate change 
projections by 2024.  

• Review criticality and vulnerability mapping of all assets for climate change across 
the network by 2024. 

• Agree level of service in extreme weather conditions with Government and 
regulators by 2027. 

• Regions develop long-term adaptation pathway strategies and identify level of 
investment required for different scenarios by 2029. 

Source: Network Rail Environmental Strategy (2020) 

 
Regions are developing adaptation pathways strategies by the end of Control 
Period 7 (2029), which will include detailed adaptation pathway strategies for the 
entire network, and detail for areas with the highest level of risk or a need for 
transformational change.  

Has the risk management score changed? 

No, however a large programme of work has been undertaken at Network Rail to 
enable better monitoring of how specific actions are managing climate risks.  

Network Rail has developed an Asset Function Risk Assessment which includes a full 
risk assessment including severity distribution of risks now and projections for the 
2050s and 2080s. The risk assessment is supported by an Asset Function Action Plan 
which maps actions to risks.  

Network Rail continues to monitor weather-related delays to the network.  
Data on weather-related delays show how the network is being affected by 
weather, and the Committee is particularly interested in trends in heat, flood and 
wind impacts which are shown in Figure 4.4. Heat-related delays have been 
relatively consistent over the past 15 years, though these were significantly higher 
in 2018-19 and 2019-20 due to the summer heatwaves which are discussed further 
below. There is no clear trend in flood impacts and wind related delays.  

 

 
*   Network Rail notes that due to some data reporting issues in using the milestones tracker for the first time, actual 

performance may be higher.  

The rail sector continues to 
prepare for climate risks in a 
range of future warming 
scenarios, exceeding 4°C. 
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Figure 4.4 The total number of minutes delay per 
type of weather-related incident in England 
(2006/07 - 2020/21) 

 
 

 
Source: Network Rail (unpublished).  
Notes: Data doesn’t include long-term closures as a result of extreme weather. While this is recorded, Network Rail 
report that the data collection is not consistent enough to give reliable data on longer term closures. 

 
There has been increased attention on the impacts of extreme weather on rail 
infrastructure since our last report.  
Recent hot summer weather in 2018 and 2019 has highlighted the effects that high 
temperatures can have on rail infrastructure and the potential for widespread 
impacts across sectors. On July 25th 2019, temperatures exceeded 38ºC (the 
hottest day ever recorded in the UK) which led to rail buckling and subsequent 
widespread damage and disruption on the rail network in England.30 VA Rail 
completed an independent review of Network Rail’s response to the effects of the 
hot weather and found that there were good examples of widespread best 
practice, including lessons learnt from previous hot weather, a long-term asset 
resilience plan underway and hot weather plans being project-managed and 
delivered. However, future assets need to be designed and installed for greater 
resilience at higher temperatures and some standards were being misapplied or 
not living up to scrutiny. VA Rail made 18 recommendations in the following six 
categories:  

• To ensure that an appropriate level of future resilience is designed into the 
infrastructure;  

• To make the relevant standards & guidance notes fit-for-purpose;  

• To reduce the number of unknown risk sites;  

• To reduce the number of known risk sites;  

• To make more predictable the industry response to hot weather;  

Recent hot summer weather in 
2018 and 2019 has highlighted 
the effects that high 
temperatures can have on rail 
infrastructure and the potential 
for widespread impacts across 
sectors.  
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• To identify, share and adopt industry best-practice.*  

Network Rail has begun work to address some of the recommendations, including 
updating operational weather management standards and implementing 
resilience measures on the network. A Seasonal Management Strategy is also 
under development, with the aim of supporting the transition between seasons 
and reducing repeat impacts from seasonal weather. 

Network Rail continues to manage bridge sites at intolerable risk of scour and there 
has been no notable change in the total number of sites at risk. 
Higher risk scour sites requiring remedial works are identified by Network Rail at the 
start of each year. While a programme of work is completed throughout the year 
to rectify those sites, new high- risk sites also emerge during the year. Over the past 
four years the number of sites rectified has been balanced out by the number of 
new sites identified, therefore the overall number of high risk sites remains 
unchanged. In 2019/20, 181 sites were identified as being at high risk at the start of 
the year, 45 sites were rectified and 43 new sites were identified.†   

Following a fatal train derailment in Scotland in August 2020, the Secretary of State 
requested a wider assessment of the impact of extreme weather on the resilience 
and safe performance of the rail network.  
Though the incident was in Scotland, the subsequent response will consider the 
resilience of the whole of the network, including England. Network Rail published 
the findings of two independent task forces - a Weather Advisory Task Force 
(WATF) and an Earthworks Management Task Force – in March 2021.‡ The key 
findings from the WATF are summarised in Box 4.5. Neither taskforce was tasked 
with assessing how Network Rail is responding to the challenge of future climate 
change, however implementation of the recommendations will address some of 
the challenges facing the railway.  

Box 4.5 
Stonehaven derailment – Key findings of the independent  
Weather Advisory Task Force 

The major recommendations for Network Rail from the Weather Advisory Task Force 
include:  

• Formal trial of the latest forecasting capabilities with the Met Office;  

• Improvements in assessing the probability of earthwork failures, using forensic analysis 
of selected events to provide a complete picture of the context surrounding 
earthwork failures;  

• Urgently transform the delivery of weather services, by considering the development 
of a new hazard and impact-based digital platform; 

• A partnership-driven, integrated transport hub to provide 24/7 access to all 
operational services and expert advice, including flooding, and thus deliver an 
authoritative set of services across Network Rail routes and regions;  

• Build its professional competencies in meteorology, hydrology and climate change 
so that staff can act as intelligent users of science and services across all its functions. 

Source: Network Rail (2021). Weather Advisory Task Force, Final report, February 2021. 

 
 
 
*   The report was provided by Network Rail for this assessment. It has been published internally at Network Rail and 

shared with the National Performance Board.  
†   Data provided by Network Rail (unpublished). 
‡   The two taskforces were overseen by Dame Julia Slingo Lord Robert Mair, both of whom have authored and 

advised on the CCRA3 Technical Report. 
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The rail sector remains at increasing risk of surface water and river flooding.  
New analysis for CCRA3 shows that, under current levels of adaptation, the rail 
sector remains at increasing risk of river and surface water flooding.31 Sayers et al 
(2020) project that in England, under a low population and current levels of 
adaptation scenario, the risk of surface water flooding increases significantly in 
both the 2050s and 2080s. In a 4°C world by the 2080s, there is a projected 101% 
increase in length of railway track at risk and a 46% increase in railway stations at 
risk (Figure 4.5).  

Figure 4.5 Length of railway track and number of 
railway stations at significant risk of surface water 
flooding under a range of climate change 
scenarios 

 

 

 Source: Sayers et al (2020). Third UK Climate Change Risk Assessment (CCRA) Future flood risk.  
Notes: Data extracted for the CCRA3 technical chapters from the results database available at 
www.ukclimaterisk.org. The climate scenarios presented above assume current levels of adaptation and low 
population growth in the mid and late century.    

 
For river flooding, risk also increases for all rail assets in both the 2050s and 2080s. By 
the 2080s in a 4°C world, there is an increase of up to 21% for length of railway 
track at risk and a 17% increase in stations at risk (under current levels of 
adaptation and a low population scenario). 
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4.8 Strategic road network 

2019 score:  What has changed since 2019: 2021 score: 

8 Plan score - high 

• The Road Investment Strategy 2 (2020 – 2025) includes a vision that the strategic
road network is resilient to climate change and incidents, such as flooding, poor
weather conditions and blockages on connecting transport networks. It includes
performance indicators on structural, drainage and geotechnical condition.
Highways England continues to embed climate change resilience and adaptation
into standards. In May 2020, the Government announced a £1.7 billion Transport
Infrastructure Investment Fund for local road and motorways (and railways). It is not
yet clear what proportion of this additional funding will go towards improving
strategic road condition or increasing climate resilience more generally.

Risk management score - medium 

• Roads in better condition should be better able to withstand extreme weather
impacts. In 2019-20, Highways England met its performance target for road
condition. However, there has been an increase in the percentage of roads
classified as being in poor condition, which is a concern. Targets to address flooding
have changed since our last assessment and new metrics on drainage resilience
are being developed.

8 

Summary of 2019 report score 

In our last report, strategic road networks scored an 8 (high plan score, medium 
risk management score). 
Highways England was embedding resilience and climate change into plans and 
investments, and taking action to safeguard against flooding on the road network 
as set out in their climate change risk assessment, which covers all climate hazards. 
Highways England published a Sustainable Development and Environment 
Strategy in 2017 which set out the high-level ambitions for the business. 

On progress in managing risk, NAP2 actions were found to be relevant, focussed 
particularly around flood risk, slope stability and bridges. Highways England was 
meeting performance targets, for example, it met its 2018 target of at least 95% of 
the network in good condition. However, disruptive events remained a regular 
occurrence even in the current climate. 

Has the plan score changed? 

No, it remains high. 

Highways England continues to plan for a range of future climate scenarios. 
The Highways England Climate Adaptation Risk Assessment considers high 
emissions scenarios in identifying climate impacts and prioritising actions.  

Progress summary – Strategic road network 

Notes: See annex for full datasets 
Key Indicators: Percentage of Highways England managed roads requiring maintenance in England by type (2007/08-2017/18). Numbers of flooding 
hotspots mitigated. 
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The Road Investment Strategy 2 (2020 – 2025) includes a vision that the strategic 
road network is resilient to climate change and incidents, such as flooding, poor 
weather conditions and blockages on connecting transport networks.32 It includes 
performance indicators on structural, drainage and geotechnical condition. In 
May 2020, the Government announced a £1.7 billion Transport Infrastructure 
Investment Fund for local road and motorways (and railway).33 It is not yet clear 
what proportion of this additional funding will go towards improving strategic road 
condition or increasing climate resilience more generally.  

The Highways England Strategic Business Plan includes a performance outcome 
‘delivering better environmental outcomes’ which states:  

“We will monitor, assess and respond to the impacts of climate change on our network. We will work 
in partnership with organisations such as the Environment Agency, the Met Office and local 
authorities to improve the resilience of our network to more severe weather. We will focus on 
reducing flooding on our roads and minimising risks for local communities, retrofitting our assets to 
meet new environmental and drainage standards. We will also improve the resilience of our 
concrete pavements to prolonged high temperatures as part of our concrete maintenance and 
renewals programme, taking remedial action where necessary”. 

Highways England is developing a Geotechnical Climate Change Adaptation Plan 
as well as guidance for geotechnical design, construction and management. This 
will help to ensure that activities are identified to support the objective of making 
the network resilient to climate change and extreme weather events in the future. 

Highways England continues to embed climate change resilience and adaptation 
into standards.  
The Design Manual for Roads and Bridges sets standards for road design. Standard 
GG103 includes 12 sustainable development goals that design shall aspire to, 
including: ‘be resilient to climate change’.34 An accompanying National 
Application Annex for England includes a requirement that “resilience to future 
climatic conditions specific to the local and surrounding area shall be identified, 
assessed and incorporated into the design.” Standard LA114 sets out the 
requirements for assessing and reporting the effects of climate on highways, as well 
as the effect on climate of greenhouse gas emissions from construction, operation 
and maintenance projects. It includes requirements for environmental assessments 
in relation to vulnerability to climate change including: scoping, study area, 
baseline scenario, data collection, significance criteria, evaluation of significance, 
and design and mitigation requirements.35 Standards for drainage require flood risk 
assessments which apply the latest climate change allowances in accordance 
with relevant national legislation requirements.36 

Has the risk management score changed? 

No, it remains medium.  

Highways England has met performance targets related to road condition.  
The Office of Road and Rail completes an annual assessment of Highways 
England’s performance, which includes a key performance indicator that 
Highways England must maintain the pavement asset such that at least 95% of it 
does not require further investigation for possible maintenance. At the end of 2019-
20, Highways England reported that 95.5% of its pavement (road surface) asset did 
not require further investigation for possible maintenance (Figure 4.6). This is above 
the target of 95% and is the same as the score recorded in 2018-19. Highways 
England has therefore returned the asset in a better condition than it started the 
road period with, as defined by the metric. 
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Figure 4.6 Highways England performance against 
road condition KPI 2015-16 to 2019-20 

 
 

 

 Source: ORR Annual Assessment of Highways England End of Road Period 1 2015-2020 

 
However, the condition of strategic roads has worsened since our last assessment.  
Roads in better condition should be better able to withstand extreme weather 
impacts. For Highways England managed motorways and ‘A’ roads, 4% and 7% 
respectively were categorised as red and should have been considered for 
maintenance in 2018/19 (Figure 4.7).* The proportion broadly fell between 2007/08 
and 2012/13 but has fluctuated thereafter with a peak in 2018/19. The relatively 
small size of the strategic road network could mean these figures are subject to 
fluctuation, as a change in the proportion denotes a relatively small change in the 
amount of road. Although the strategic road network is relatively small compared 
with the local road network, the impact of disruption on individual journeys and 
nationwide connectivity can be far greater. 

Figure 4.7 Proportion of the Highways England 
managed road network categorised as red*, by 
road type, 2007/08 to 2018/19 

 

 

 
 Source: Department for Transport (2019). Road conditions in England to March 2019.  
Notes: *roads categorised as red should have been considered for maintenance (i.e. further investigation required). 

 
*   Current measures of road condition are based on surface condition only and do not reflect the ability of the 

pavement structure to drain excess water or react to extreme temperatures.  

The condition of strategic roads 
has worsened since our last 
assessment.  
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Targets to address flooding have changed since our last assessment.   
Highways England report that there were 118 flooding incidents in 2020.* In Road 
Period 1 (2015–20) Highways England mitigated 248 flooding hotspots and 12 
culverts considered to be at risk of flooding. 37 In Road Period 2 (2020-25), the flood 
resilience metric is ‘percentage of carriageway at low risk of flooding’, with an 
aspirational target for mitigation of 30 flooding hot spots per annum. 

Flooding of transport networks can affect the provision of critical services, including 
emergency response. Recent research has found that even low magnitude floods 
can lead to a reduction in national level compliance with mandatory response 
times for ambulance and fire and rescue services in England.38 As highlighted in 
the indicator wish-list published with this report, better indicators are needed that 
enable the assessment of impacts from disruption due to extreme weather on key 
infrastructure, including the impact of flooding events on roads.  

  

 
*   Data provide by Highways England, from National Incident Liaison Officer (NILO) reports. The measure relates to 

flooding events closing slip roads and affecting 50% or more of carriageway, under the NILO criteria.  A change in 
reporting criteria in 2020 may have affected the number of flooding incidents captured.    
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4.9 Local road network 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score – medium 

• The plan score remains medium. There have been no new, or updates to existing,
strategies, plans or codes of practice for local roads since our last assessment. In
May 2020, the Government announced a £1.7 billion Transport Infrastructure
Investment Fund for local roads and motorways (and railways). It is not yet clear
what proportion of this additional funding will go towards improving local road
condition or increasing climate resilience more generally

Risk management score – medium 

• The risk management score remains medium. Road condition has remained the
same over the most recent 3 years, following a period of gradual improvement from
2011/12. While it is positive that road condition has not become any worse, there
remains a lack of data to assess the vulnerability of local roads to specific climate
risks and to assess progress in managing the impact of climate risks on local roads.

5 

Summary of 2019 report score 

In our last report, local road networks scored 5 (medium plan score, medium risk 
management score).  
Our assessment in 2019 noted that local highway authorities have a duty under the 
Highways Act 1980 to ensure highways, and the assets associated with them such 
as lighting and bridges, are well maintained. A Highways Code of Practice asks 
local authorities to take account of climate change when maintaining the local 
road network. This includes applying the latest UK Climate Projections, ensuring 
infrastructure is resilient to climate change and determining actions to address risks. 
However, there was no statutory requirement for them to use this guidance and 
there had been no systemic assessment of the disruptions caused by flooding or 
extreme weather on local roads and the actions taken to reduce risk. 

On progress in managing risk, the NAP sets out actions related to DfT sharing 
information with local highway authorities, however, it is the authorities' own 
responsibility to manage risks to the local road network. The Government allocates 
funding to local highway authorities to help improve local roads, including to 
increase resilience to weather, flooding and extreme heat. 

Has the plan score changed? 

No - there have been no new, or updates to existing, strategies, plans or codes of 
practice for local roads since our last assessment.  

In May 2020, the Government announced a £1.7 billion Transport Infrastructure 
Investment Fund for local roads and motorways (and railways). It is not yet clear 
what proportion of this additional funding will go towards reactive repair and what 
resources will be allocated to adaptation and increasing climate resilience. A 

Progress summary – Local road network 

Notes: See annex for full datasets 
Key Indicators: Percentage of roads requiring maintenance in England by type (2007/08-2017/18). 
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recent survey by the Asphalt Industry Alliance (AIA), found that, despite an 
increase in highway maintenance budgets, maintaining roads to target conditions 
is still out of reach for local authorities in England, with a reported shortfall in road 
carriageway budgets of £522.9m for 2021/21.39  

A recent survey by the Asphalt Industry Alliance (AIA), found that, despite an 
increase in highway maintenance budgets, maintaining roads to target conditions 
is still out of reach for local authorities in England, with a reported shortfall in road 
carriageway budgets of £522.9m for 2021/21. 

Has the risk management score changed? 

No. There remains a lack of data to assess progress in managing the impact of 
climate risks on local roads. 

Data on road condition are a useful indicator of the potential vulnerability of roads 
to extreme weather, though information is not available on specific actions being 
taken to manage the impact of climate risks on local roads.  

Road condition has remained the same since our last assessment.  
The latest figures for local authority surface condition are broadly in line with the 
previous 3 years (Figure 4.8). Prior to this, ‘A’ roads, and ‘B’ and ‘C’ roads 
combined, had seen a period of gradual improvement since 2011/12 (i.e. fewer 
roads categorised as red). Unclassified roads had not seen the same improvement 
over this period. 

Figure 4.8 Trend in the proportion of local 
authority managed roads categorised as red, by 
road type, 2007/08 to 2018/19 

 

 

 
 Source: Department for Transport (2019) Road conditions in England to March 2019. 
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4.10 Telecoms, digital and ICT infrastructure 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score – low 

• The plan score remains low, however there are signs of progress beginning to
appear. Resilience planning in the data centre sector is conducted at corporate
level by individual private operators, who compete on their ability to ensure
business continuity for their customers. Resilience standards for the digital sector do
not include requirements pertaining specifically to climate change risks. In its final
report on the Resilience Study, the NIC recommended Government should
introduce a statutory requirement by 2022 for clear, proportionate and realistic
standards every five years for the resilience of digital (and other) services, with
obligations on infrastructure operators to meet these resilience standards by 2023.
These standards must include requirements pertaining to climate change risks.

Risk management score – medium 

• The risk management score remains medium. There is still a lack of data to assess
how risks to telecoms, digital and ICT are changing. However, all major providers
have flood defences compliant with the National Flood Resilience Review
requirements and DCMS continues to engage with the EC-RRG on resilience and
emergency response. ARP3 reports from the EC-RRG and TechUK should provide
valuable information on steps the industry is taking to manage risks, however the
reporting deadline exceeds the timeframe for this report.  While data centres do
not appear to have been affected by recent extreme weather events, CCRA3 has
assessed the current climate risks to digital infrastructure as medium magnitude,
increasing to ‘high’ under more extreme climate scenarios.

2 

Summary of 2019 report score 

In our last report, telecoms, digital and ICT infrastructure scored a 2 (low plan 
score, medium risk management score).  

There was no visible clear plan or process by the industry or Government with 
actions to manage long-term climate risks to the sector. The Committee 
highlighted the opportunity to show a plan to manage risks through the 
Adaptation Reporting Power (ARP), however in the absence of reporting being 
mandatory there is no guarantee that organisations will continue to report. Recent 
Ofcom and industry guidance asks providers to maintain services during flooding 
incidents but does not include a consideration of climate change. 

Data were not available to assess how the risk was changing. There had however 
been activity since the first NAP period, especially in relation to flooding, which 
should reduce the vulnerability of some assets. 

Has the plan score changed? 

No, the plan score remains low, however there are signs of progress beginning to 
appear. 

Progress summary – Telecoms, digital and ICT infrastructure 

Notes: See annex for full datasets 
Key Indicators: There remains a lack of data on risks to and resilience actions by digital infrastructure operators. 
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Resilience planning in the data centre sector is conducted at corporate level by 
individual private operators, who compete on their ability to ensure business 
continuity for their customers. There remains no visible plan or process by the 
industry or Government with actions to manage long-term climate risks to the 
sector. The level of resilience offered by commercial providers and the standards 
they adhere to are set out in contractual SLAs (Service Level Agreements). A 
number of data centre facilities are designated Critical National Infrastructure. The 
EC-RRG* Resilience Guidelines for Providers of Critical National 
Telecommunications Infrastructure do provide design considerations and 
operational processes for communications providers to build resilience to physical 
threats, including extreme weather, floods and lightning. However, there is no 
consideration of climate scenarios and how these may affect the prevalence or 
impact or such impacts.  Ofcom’s general conditions require communications 
providers to maintain uninterrupted access to emergency organisations “to the 
greatest extent possible”, with significant fines for failures. 

Resilience standards for the digital sector do not include requirements pertaining 
specifically to climate change risks.  
EN50600 is an availability standard which covers all aspects of data centre 
infrastructure including power, cooling and telecommunications. It also provides 
recommendations for operations and management, security and energy and 
sustainability. EN50600 is being harmonised with ISO and with the practices of the 
EU Code of Conduct for Data Centres. Provisional data from Tech UK† suggests 
that almost 80% of data centre sites are working towards practices compliant with 
EN50600 (representing 75% of sector activity) and over half of the sites in the UK 
conform to ISO50001(representing around 70% of sector activity). ‡ Tech UK will 
report formally on the uptake of standards in their ARP3 report by the end of 2021. 

The NIC has recommended a statutory requirement for resilience standards for the 
sector by 2022 – these must include requirements pertaining to climate change 
risks.  
In May 2020, in its final report on the Resilience Study, the NIC recommended 
Government should introduce a statutory requirement by 2022 for clear, 
proportionate and realistic standards every five years for the resilience of digital 
(and other) services, with obligations on infrastructure operators to meet these 
resilience standards by 2023. This presents a real opportunity to incorporate 
consideration of climate change risks and adaptation actions into the standards.   

Recommendation 

Resilience standards for the digital sector must include requirements pertaining to climate 
change risks. In addressing the National Infrastructure Commission recommendations 
from the Resilience Study, Government should incorporate consideration of climate 
change risks and adaptation actions into any new standards being developed. 
Standards for digital infrastructure operators should include requirements to:  

• assess climate risks under both 2°C and 4°C global climate scenarios 

• consider interdependencies with other critical infrastructure, and  

• set out actions to reduce risk and monitor progress 

Department: DCMS, Timing: 2022 

 
*   EC-RRG is a cross government and telecoms industry forum whose aim is to ensure the telecoms sector remains 

resilient to threats and risks to services. 
†   Tech UK is the UK’s technology trade association, whose remit is digital infrastructure, comprising communications 

networks and data centres. 
‡   Provisional data collated by Tech UK in preparation of the ARP3 report.  

A standard for availability of 
service can to some extent be 
considered a proxy for the 
resilience of the infrastructure, 
however there remains a need 
for future climate risks to the 
sector to be reflected in 
industry standards. 
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Has the risk management score changed? 

No, the risk management score remains medium.  

There remains a lack of data to assess how risks to telecoms, digital and ICT are 
changing.  
However, all major providers have flood defences compliant with the National 
Flood Resilience Review requirements and DCMS continues to engage with the EC-
RRG on resilience and emergency response. ARP3 reports from the EC-RRG and 
TechUK should provide valuable information on steps the industry is taking to 
manage risks, however the reporting deadline exceeds the timeframe for this 
report.   

Data centres do not appear to have been affected by recent extreme weather 
events.  
The Data Centre Incident Reporting Network (DCIRN) does not currently collect 
quantitative data on climate change related outages to data centres, however 
there has been no publicly reported disruption from data centre outages as a 
result of recent extreme weather events (see introduction to this chapter). There 
are observations within the sector that older sites are more likely to be vulnerable 
to heatwaves than newer sites, especially if they are working to capacity, because 
their cooling systems will be challenged by sustained high temperatures.40   

CCRA3 has assessed the current climate risks to digital infrastructure as medium 
magnitude, increasing to ‘high’ under more extreme climate scenarios.  
While there is a general understanding of the interactions between ICT 
infrastructure and weather, quantitative projections assessing how climate change 
will affect the frequency and magnitude of these interruptions are lacking.  

However, there remains a lack of evidence. While there is a general understanding 
of the interactions between ICT infrastructure and weather, quantitative 
projections assessing how climate change will affect the frequency and 
magnitude of these interruptions are lacking. This is compounded by a lack of 
information in the public domain on the location or specification of assets for 
interests of security and commercial sensitivity. ICT is critical to the operation of 
wider infrastructure networks as well as underpinning business activities, access to 
key services and wider communication. Outages can therefore have significant 
effects on the locality and more broadly via interdependent infrastructure. Overall, 
CCRA3 concludes that further attention to the climate resilience of this sector and 
quantitative information on current and future risks under climate change is 
needed, to better assess its vulnerability and exposure to climate change.41 

 

 

 

 

 

  

While there is a general 
understanding of the 
interactions between ICT 
infrastructure and weather, 
quantitative projections 
assessing how climate change 
will affect the frequency and 
magnitude of these 
interruptions are lacking. 
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5.1 Introduction 

Businesses that are better prepared for the impacts of climate change will be able 
to capitalise on opportunities and avoid future damages.  
Opportunities to businesses include those through an increase in demand for 
existing and new goods and services, which might specifically relate to 
adaptation. Businesses and industry in England face a number of opportunities and 
risks from climate change. Through international supply chains, distribution networks 
and global markets, businesses are exposed to risks from extreme weather, 
including flooding and water shortages around the world.  

Since our last report in 2019, the context for businesses in England and outlook for 
the immediate future has changed dramatically. 
The economic impacts of Covid-19 have been severe though varied among 
sectors and business types. It has highlighted the importance of business resilience 
and the reliability of key supply chains for people and the economy. The ways in 
which people work may change. Before the pandemic, around 5% of people in 
employment worked from home regularly.1 As a result of the COVID-19 pandemic, 
levels of homeworking have risen substantially, with an average of around 30% of 
the workforce working exclusively from home each week during 2020.2 Some 
businesses and workers may choose to adopt this style of working on a permanent 
basis.  

Many businesses have also responded positively to the UK’s legislation of the Net 
Zero target and are undertaking long-term planning to ensure their operations 
align with the target.  As demonstrated by the Government’s plans for a green 
recovery, there are opportunities for industrial strategies and policies, and for 
businesses to do things differently to achieve key policy goals, including Net Zero. 
Helping businesses and industry prepare for the impacts of climate change should 
be among these goals.   

As in our 2019 report, the continuing growth of support for the Task Force on 
Climate-Related Financial Disclosures (TCFD) remains a key development for 
assessing businesses’ preparedness for climate change. 
TCFD, and similar initiatives, such as the Taskforce on Nature-Related Financial 
Disclosures (TNFD), are relevant to all of the adaptation priorities within this chapter, 
though they are discussed primarily in the first ‘Impact on business of extreme 
weather events.’ 

It is critical to distinguish between different types of business in assessing 
preparedness and considering where further support may be required. 
It is important to note that the TCFD and other initiatives including compulsory 
reporting are primarily focussed on large, publicly listed organisations, with a focus 
on the financial sector. Small and Medium Enterprises (SMEs), as defined by the 
number of employees, account for 5.9 million or 99.9% of all UK private sector 
businesses, 61% of employment and 52% of turnover.3 These businesses are a 
significant part of the UK economy and have fewer resources to adapt to the risks 
and opportunities arising from climate change than those targeted by TCFD and 
other initiatives.  

The increasing growth of ‘green’ business practices and strategies may also mean 
that survey responses and other evidence better reflect this ‘green’ sector, rather 
than the general corporate sector.  

Since 2019, the context for 
businesses in England has 
changed dramatically due to 
factors like the Covid-19 
pandemic, the end of the EU 
exit transition period and the 
setting of the Net Zero target. 

There is also change for many 
businesses who trade 
internationally following the 
end of the transition period 
after leaving the EU, who may 
reorganise their supply chains 
due to this and the impacts of 
Covid-19.  

It is important to distinguish 
between different types of 
business, particularly between 
larger businesses and SMEs, 
and between those who 
engage with climate change 
surveys and the general 
corporate sector. 
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5.2 Impact on business from extreme weather events 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score - medium 

• The plan score has increased from low to medium. Government has set out a
roadmap for mandatory climate-related disclosures following legislation of the Net
Zero target. This has been complemented by important work from other
organisations to strengthen reporting of climate risks and adaptation through new
standards and guidance. There remains a gap, where SMEs, the majority of
businesses in England, are unlikely to benefit from most of these measures. A new
SME Climate Hub is a welcome development, though the vast majority of its
resources and promotion are focussed on Net Zero rather than adaptation.

Risk management score - medium 

• There is no change in the risk management score from 2019. The number of large
businesses, particularly in the financial sector, aligning with TCFD and assessing 
climate risks continues to increase and mandatory reporting should lead to further
improvements. However, there remain significant gaps, such as scenario analysis
and reporting of adaptation measures, which will hinder the effectiveness of new
reporting initiatives unless addressed.

5 

Summary of 2019 report score 

In our last report, impact on business from extreme weather events scored a 2 (low 
plan score, medium risk management score). 
Our 2019 report found that while there were incentives for businesses to plan for 
how they might be impacted by climate change through initiatives such as the 
Task Force on Climate-related Financial Disclosures (TCFD), there was little 
evidence that planning was taking place for more than a 2°C increase in global 
temperature or that plans were in place to help smaller businesses prepare for 
climate change. 

There was evidence of increasing action in response to climate change by 
businesses and the investment community. However, support for initiatives like TCFD 
had not yet led to better assessment and planning for climate change risks, 
particularly higher climate change scenarios relevant for adaptation. 

Has the plan score changed? 

Yes, the plan score has increased from low to medium. There have been significant 
steps to help businesses better prepare for the impacts of climate change, such as 
setting out a clear roadmap for making TCFD-aligned disclosures mandatory. To 
improve the score further, there need to be clear plans and support for smaller 
businesses and measures to ensure that approaches to considering physical risk 
continue to progress. 

Progress summary – Impact on business from extreme weather events 

Notes: See annex for full datasets 
Key Indicators: TCFD disclosure (various surveys), Contingency planning for extreme weather, Economic impact of extreme weather events / Insurance 
losses due to extreme weather. 

2569  



Progress in adapting to climate change: 2021 Report to Parliament 240 

Government has taken welcome steps over the past two years to improve 
consideration and reporting of the impacts of climate change by businesses and 
the finance sector. 
The UK announced its intention to make TCFD-aligned disclosures mandatory in 
2020. A cross-Whitehall/cross-regulator UK Taskforce developed a roadmap that 
sets out an indicative path over the next five years for different categories of 
organisation.4 For example, 100% of listed commercial companies could be 
covered by regulation or legislation regarding disclosures by the end of 2022, while 
for occupational pension schemes it could be 72% by the end of 2022, rising to 85% 
by the end of 2025, though this roadmap could be affected by consultations or 
other reviews.  

Most action is planned to occur over the first three years, with the overall aim of 
proving comprehensive and high-quality information on how climate-related risks 
and opportunities are being managed across the UK economy. This will be 
achieved by incrementally increasing the coverage of supervisory expectations, 
disclosure rules or legislative requirements for seven categories of organisation: 
listed commercial companies; UK-registered companies; banks and building 
societies; insurance companies; asset managers; life insurers and Financial 
Conduct Authority (FCA)-regulated pension schemes; and occupational pension 
schemes.  

The Government has already published related consultations. New pension 
regulations propose that trustees must establish and maintain oversight of the 
climate-related risks and opportunities which are relevant to their scheme, 
including publishing a report on a publicly available website free of charge.5 It 
recently consulted on mandatory climate-related disclosures by certain UK publicly 
quoted companies, large private companies and Limited Liability Partnerships 
(LLPs) as well.6  

Other consultations, such as on government procurement criteria which is 
discussed further in the following supply chains section, will also lead to greater 
consideration of climate change by affected businesses, if the proposed changes 
are implemented effectively. The Government will provide an update on progress 
in the 2022 refresh of the Green Finance Strategy. The Bank of England also 
confirmed the next step of its Climate Biennial Exploratory Scenario, after 
postponement due to the pandemic, would be published in June 2021. 

The Government’s steps have been complemented by the work of other climate-
related reporting organisations which aim to improve the consistency and quality 
of information globally through new standards and guidance. 
The International Financial Reporting Standards (IFRS) published a consultation 
paper on sustainability reporting in 2020.7 Feedback to this consultation identified 
an urgent need for better information about sustainability matters, including 
climate-related information. As a result, the IFRS confirmed its intention to produce 
a proposal by the end of September 2021, and possibly make an announcement 
on the establishment of a global sustainability standards board at COP26.  

Five of the major organisations in sustainability disclosure; CDP, the Climate 
Disclosure Standards Board (CDSB), the Global Reporting Initiative (GRI), the 
International Integrated Reporting Council (IIRC) and the Sustainability Accounting 
Standards Board (SASB), proposed a vision for a global and comprehensive 
corporate reporting system.8 This system would seek to reduce complexity in 
reporting and incorporate both financial accounting and sustainability disclosure, 
connected via integrated reporting.  

100% of listed commercial 
companies could be covered 
by regulation or legislation 
regarding climate disclosures 
by the end of 2022. 

Government has published 
several supporting 
consultations and will provide 
an update on progress in the 
2022 refresh of the Green 
Finance Strategy. 
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In December 2020, these five organisations published a prototype climate-related 
financial disclosure standard for illustrative purposes to contribute to the IFRS’ 
development of a sustainability standards board.9  The work of the IFRS and these 
five organisations has received public support from the UK Taskforce and the 
Financial Reporting Council (FRC). The FRC has stated it plans to ‘raise the bar’ on 
climate change reporting and encouraged UK public interest entities to report in 
line with the TCFD recommended disclosures and make use of the SASB’s metrics.10  

The new Taskforce on Nature-related Financial Disclosures (TNFD) aims to 
complement TCFD and will provide a framework for corporates and financial 
institutions to assess, manage and report on their dependencies and impacts on 
nature, aiming to improve the appraisal of nature-related risk and redirect global 
financial flows away from ‘nature-negative outcomes’ and towards ‘nature-
positive outcomes.’ 

The new Audit, Reporting and Governance Authority could oversee annual 
Resilience Statements which would include climate change, if proposals are 
implemented. 
BEIS published a consultation on ‘Restoring trust in audit and corporate 
governance’ which aims to respond to separate independent reviews of the audit 
system by Sir John Kingman, Sir Donald Brydon and the Competition and Markets 
Authority.11 The proposals included establishing a strengthened regulator to 
replace the FRC, the Audit, Reporting and Governance Authority (ARGA) which 
would protect and promote the interests of investors, other users of corporate 
reporting, and the wider public interest. It is proposed that directors of public 
interest entities would need to publish an annual Resilience Statement setting out 
how directors are assessing the company’s prospects and addressing challenges 
to its business model over the short, medium and long-term, including risks posed 
by climate change. 

These improvements in reporting could be undermined unless businesses are better 
supported when trying to assess physical risk and adaptation.  
As described in the section below, the evidence from reviews such as the latest 
TCFD status report suggest that there are aspects of reporting that organisations 
are struggling with.12 This includes aspects that are critical for assessing physical risk 
and adaptation such as scenario analysis, the financial impacts of climate change 
and metrics and targets beyond those related to reducing emissions.  

However, there are more examples of organisations considering higher climate 
change scenarios, such as a 4°C increase in global temperature, than at the time 
of our report two years ago. Unless this is addressed and regulators and auditors 
have the necessary expertise to monitor the quality of reporting, initiatives as 
described above will not be effective in ensuring businesses are prepared for the 
impacts of climate change.  

There are some good examples of work by organisations to address this, which 
could be further promoted and developed. 
There are some good examples of work by organisations in the past two years to 
address this. In 2020 Acclimatise et al. published a detailed set of questions to assist 
non-executive director oversight of physical climate change risk management.13 
The TCFD published further guidance on scenario analysis and consulted on 
forward looking financial metrics including metrics specifically for physical risk such 
as Climate Value at Risk (Climate VAR).14 The Goal 13 Impact platform aims to help 
businesses collaborate on similar climate change initiatives and share best 
practice on aspects such as target setting, drivers of change and lessons learned. 

 

More organisations are 
considering higher climate 
change scenarios, such as 4°C 
than two years ago, though 
reporting of physical risks and 
adaptation remains a concern. 
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There are also more examples of risk management and advisory firms offering 
services to help organisations assess their physical risk. These are all promising 
developments; however, progress needs to accelerate. Alongside effective 
enforcement of reporting requirements, organisations must be able to afford and 
access such information or services, otherwise preparation for physical risks will 
likely be ineffective. Without government support, there is likely to be a capacity 
barrier for SMEs in particular. 

The BSI also has continued to work on adaptation-related standards which set out 
principles that organisations can follow, rather than set out an overly prescriptive 
approach. In addition to ISO 14090 Adaptation to climate change – Principles, 
requirements and guidelines, new adaptation-related standards have been 
published since 2019: 

• ISO 14091 Adaptation to climate change — Guidelines on vulnerability, 
impacts and risk assessment 

• BS 8631:2021 Adaptation to climate change. Using adaptation pathways 
for decision making. Guide 

• PD ISO/TS 14092:2020 Adaptation to climate change. Requirements and 
guidance on adaptation planning for local governments and communities 

There is ongoing work on standards focussing on financing local adaptation to 
climate change and reporting investments and financing activities related to 
climate change. Other standards on sustainable finance and natural capital 
accounting can also help organisations better plan for the impacts of climate 
change, such as PAS 7340 Framework for embedding the principles of sustainable 
finance in financial services organizations, published in January 2020, and BS 8632 
Natural Capital Accounting for Organizations, published in June 2021. 

New reporting initiatives are less likely to influence smaller businesses, who make 
up the majority of businesses in England, and have fewer resources to adapt. The 
impacts of Covid-19 have hit these businesses particularly hard and has 
highlighted the importance of contingency planning for their resilience. 
The full impact of Covid-19 is still being understood but it and the resulting 
economic volatility has clearly had a significant effect on small businesses. Smaller 
firms were more likely than bigger ones to have had to temporarily close or pause 
trading during the pandemic, although this was not necessarily the same across all 
industries. 15 Analysis by the Bank of England in 2020 found that the pandemic 
reduced cash flows for many companies, with smaller companies ‘more likely than 
larger companies to operate in sectors that have been most affected by the 
shock, such as accommodation and food, arts and recreation, and 
construction.’16 

Previous research by the FSB in 2015 suggests the impacts of flooding and extreme 
weather can be severe for small businesses, but many do not have contingency 
plans for extreme weather, despite the benefits of doing so exceeding the costs.17  

In the recovery from Covid-19 there will be many new small businesses established 
and some operating in different ways than before due to enforced changes from 
Covid-19. There is an opportunity to increase the level and effectiveness of 
contingency planning, including for extreme weather, by providing updated 
guidance and accessible information. Small businesses, including very small 
businesses working largely from home, will also benefit from investment in resilient 
digital infrastructure.  

The impacts of flooding and 
extreme weather can be 
severe for small businesses, but 
many do not have 
contingency plans for extreme 
weather. 
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A new SME Climate Hub offers several resources for physical risk and 
understanding climate impacts, though most of its promotion and resources focus 
on reducing emissions to Net Zero.  
A new SME Climate Hub was launched in December 2020 and is an initiative of the 
International Chamber of Commerce, the Exponential Roadmap Initiative, the We 
Mean Business coalition and the United Nations Race to Zero campaign. This is a 
welcome development as it aims to provide a ‘one-stop-shop’ for SMEs to make a 
climate commitment and access ‘best-in-class’ tools and resources, which was 
highlighted as something needed in the CCC’s 2019 Adaptation Progress Report.  
It already offers several resources for physical risk and understanding climate 
impacts, though the vast majority of its promotion and resources focus on reducing 
emissions to Net Zero.  

It will be important to monitor feedback for the SME Climate Hub and whether 
action from Government is required to develop resources accordingly to ensure 
the needs of different types of business and organisations are met. A NAP Action 
update reports that ‘the Small Business Engagement campaign, led by Andrew 
Griffith MP, the UK’s Net Zero Business Champion, will embed the need for 
adaptation and resilience to climate change in stakeholder-related activity.’  

Recommendation (Joint CCC 2021 Progress Report) 

Support businesses to play their full role in the Net Zero transition and in adapting to 
climate risks and opportunities, for example by extending and expanding the role of the 
Net Zero Business Champion beyond COP26, building on the Race to Zero and Race to 
Resilience campaigns and providing sufficient resources to fully support businesses of all 
sizes to engage in the transition, to input to policy development and to set their own 
robust Net Zero and adaptation action plans. 

Department: BEIS, Timing: 2021-22. 

 
Even with the challenges of Covid-19, many businesses and investors have 
continued to demonstrate a desire for improved climate-related information and 
aligning their operations and portfolios to be consistent with the goals of achieving 
Net Zero and being prepared for the impacts of climate change. 
The Principles for Responsible Investment (PRI) report that climate change has 
remained a top priority for its signatories, particularly in advance of COP26. 
ShareAction proposed a Responsible Investment bill, stipulating in law that the 
‘best interests’ of beneficiaries includes environmental and social considerations. 
Major asset management firms such as BlackRock have taken further steps to 
make consideration of climate change a central part of their investment decisions.  

The UK Government set out plans for a green recovery in line with the majority 
preference of the UK Citizens’ Assembly on climate change. Government can help 
further meet this demand by addressing the above weaknesses in planning for and 
supporting climate-positive behaviours by businesses and investors by providing 
clear signals about future policy and timescales. 

Has the risk management score changed? 

No, the risk management score remains medium. New evidence published since 
2019 suggests continued progress in some aspects of reporting, but others, which 
are particularly important for physical risk and adaptation, show very limited 
progress. The availability of indicators focussed on physical risk and adaptation for 
this priority remains limited and there is little new information on the economic 
impacts of extreme weather. 
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The TCFD Status Report states that there have been improvements both in terms of 
the number of companies reporting and the quality of such reporting. The 
percentage of reviewed reports disclosing information aligning with a particular 
TCFD disclosure (for example, climate-related targets) increased on average by six 
percentage points between 2017 and 2019.  

However, companies’ disclosure of the potential financial impact of climate 
change on their businesses and strategies remains low. Only one in 15 companies 
reviewed disclosed information on the resilience of its strategy. The percentage of 
companies disclosing the resilience of their strategies, taking into consideration 
different climate-related scenarios, was significantly lower than that of any other 
recommended disclosure.  

Some of the highlighted case studies demonstrated good approaches for 
assessing physical risk, such as use of a 4°C or higher scenario and the reporting by 
hazard in scenario analysis.18 However, even those reports highlighted as best 
practice had some weaknesses related to assessing physical risk. Most of the 
reported physical risk metrics were related to water use. Physical and transition risks 
were often considered separately and only vague measures like the percentage 
of sites affected were reported with little information on the adaptation response. 

Recommendation (Joint CCC 2021 Progress Report) 

Develop further ways to embed Net Zero and climate risk in financial decisions by UK 
firms, building on the UK's Green Finance Strategy. This should include implementing 
mandatory climate disclosure, adoption of a robust green taxonomy with clear guidance 
on how it should be used, and considering the recommendations of the Committee's 
Finance Advisory Group, such as making Net Zero and adaptation plans mandatory for 
financial institutions and monitoring financial flows into climate action. 

Department: BEIS and HM Treasury, Timing: 2021-25. 

 
Figure 5.1 sets out responses from FTSE 100 companies to specific questions from 
Eco Act’s most recent sustainability research. While there is improvement since the 
previous survey, the results still suggest a significant proportion of FTSE100 
companies are not reporting in alignment with the TCFD recommendations, using 
scenario analysis, or taking steps like offering incentives for Senior Executives.  

Figure 5.2 shows a survey by CDP which found a high proportion of respondents 
were providing information on three of the four thematic TCFD areas. However, 
two-thirds were not reporting under the strategy theme. This is largely because 
scenario analysis, which businesses have struggled with, is assessed under this 
theme. This suggests that many organisations are still unable to effectively assess 
the potential impacts of climate-related risks and opportunities on their businesses, 
strategy, and financial planning.  

 

 

 

 

 

Only one in 15 companies 
reviewed by the TCFD 
disclosed information on the 
resilience of its strategy. 

 
 
The proportion of companies 
reporting that they are 
planning for climate change is 
increasing but further progress 
is needed.  
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Figure 5.1 Survey responses from FTSE100 
companies on climate risk  
 

 

 Source: The Sustainability Reporting Performance of the FTSE 100 (EcoAct, 2020) 

 

Figure 5.2 Percentage of CDP respondents 
reporting under TCFD thematic areas  
 

 
 Source: Disclosure and the TCFD Recommendations: United Kingdom (CDP, 2020) 
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There are some initial estimates for the impact on businesses of the Autumn-Winter 
Floods 2019-20 based on insurance claim information from the ABI.19  

• Of the estimated £110 million payouts, £45 million covered damaged 
homes and possessions; £58 million for business property and stock, with £7.5 
million relating to damaged vehicles.  

• The average household flood claim is likely to be around £31,000, and 
£70,000 for a flooded business. This compares to the average claim across 
all insured risks of £2,200 under a home insurance policy and an average 
claim of £11,500 on a commercial policy. 

Sayers et al. for the CCC used the new UKCP18 climate projections to provide an 
updated assessment of future flood risk in 2020.20 The results did not suggest a 
significant increase in risk for non-residential properties from flooding compared to 
their previous assessment in 2015 using UKCP09. 
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5.3 Supply chain interruptions 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score - medium 

• The plan score has increased from low to medium. The first part of the National
Food Strategy has been published and Government has made further
commitments to report and better understand issues related to food supply chains,
including climate change. There are also examples of private sector initiatives to
inform supply chain planning for climate change and efforts by Government to
revise its procurement rules. There still needs to be greater assurance for key supply
chains and assessment of the impacts of climate change in new industrial and
economic policies.

Risk management score - low 

• The risk management score has decreased from medium to low. The risks of supply
chain interruptions are greater than in our last report. Action to respond to the risk is
at roughly the same level as in 2019, with some surveys suggesting that businesses 
are increasingly prioritising resilience in their supply chain planning rather than
speed and cost-efficiency, but others suggesting engagement with suppliers on
climate change is still limited.

3 

Summary of 2019 report score 

In our last report, supply chain interruptions scored a 2 (low plan score, medium 
risk management score).  
Our last report found that there were no stated goals or specific planning for 
adapting supply chains, and the UK Industrial Strategy did not make any 
references to helping supply chains become more resilient to the impacts of 
climate change. NAP2 did not address the risks that the UK faces from the 
international impacts of climate change. 

The limited survey evidence available suggested some businesses were taking 
action but also suggests some did not engage with their suppliers on climate 
change. 

Has the plan score changed? 

Yes, the plan score has increased from low to medium. There are some promising 
new initiatives from Government and the private sector and surveys suggest that 
businesses are increasingly balancing the need for resilience in their supply chain 
planning alongside speed and cost-efficiency. To increase the score further there 
needs to be greater assurance for key supply chains, and plans for industry and 
the economy should incorporate the impacts of climate change on supply chain 
resilience. 

Progress summary – Supply chain interruptions 

Notes: See annex for full datasets 
Key Indicators: Supplier engagement on climate change (various surveys), Economic impact of supply chain interruptions. 
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Key supply chains such as food and medical supplies require stronger assurance 
about their resilience to future shocks, including the impacts of extreme weather.  
Covid-19 has highlighted the importance of having reliable and resilient supply 
chains, particularly for food and medicine. A report by the House of Commons 
International Trade Committee in July 2020 identified various adverse effects from 
the disruption caused by the pandemic, though also noted that UK supply chains 
for medicines and food had withstood many of the challenges at the time of 
writing.21 In the Government’s response to this report, it stated that the ‘DEFEND 
programme, led by DIT, interrogates vulnerabilities in UK global supply chains for 
critical goods (excluding food) and develops strategies to strengthen supply chain 
resilience.’22 

It is not clear to what extent extreme weather is currently considered alongside 
other current and future supply chain vulnerabilities. The CCRA3 Advice Report 
and CCRA3 Technical Report assessed that extreme weather is already causing 
supply chain disruption and that exposure to climate hazards is set to increase.23 It 
also noted that there are ‘opportunities to learn from the lessons on supply chain 
resilience during the COVID-19 pandemic’ and that ‘enhancing supply chain 
resilience should be a priority for post-COVID recovery planning and should also be 
a factor in the development of new trade agreements as trade patterns change 
following EU-Exit.’ 

The Government is making progress with its work on food security and supply 
chains. 
The first part of the independent Dimbleby review of the new National Food 
Strategy was published in July 2020.24 Part one focussed on the impacts of Covid-
19 and the end of the EU exit transition. It assessed that the food supply chain 
proved resilient during Covid-19 but reminded us there is no room for 
complacency and that ‘the fact that the food system didn’t, in the end, break 
down is largely due to the nature of this particular crisis.’  

On climate the Dimbleby review assessed that ‘Climate change is currently the 
biggest threat to food security, perhaps the most serious the world has ever seen. 
The problems it creates are likely to be disruptions of supply rather than demand. 
One worst-case scenario would be the failure of multiple harvests worldwide. If that 
happened, there might not be enough food to go around. This is a food security 
issue on a grand scale.’  

Part two of the review will assess the entire national food system, including the 
issues of climate change in more depth.  

The UK Government committed in the Agriculture Act 2020 to publish a regular 
food security report, with the first report published before the end of 2021, and 
subsequent reports every 3 years.25 The Food Standards Agency (FSA) has 
published its Areas of Research Interest (ARI), including considering climate 
change’s influence on patterns of foodborne disease prevalence, the availability 
or need for new or novel foods, and its impact on international trade.26 

Recommendation 

Set out measures to ensure the resilience of the food supply chain, including to the risks of 
extreme weather in England and internationally, as part of its white paper responding to 
the independent review of the National Food Strategy for England. 

Department: Defra, Timing: 2022. 

 

The Dimbleby review assessed 
that climate change is currently 
the biggest threat to food 
security. 

Government has committed to 
publishing a white paper six 
months after part two is 
published and has asked Henry 
Dimbleby to review progress six 
months after this. 
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Recommendation 

Ensure that adaptation is integrated into major upcoming policies in the next two years 
related to the eight priority risks identified in the Committee’s advice on the third UK 
Climate Change Risk Assessment (CCRA3) for which BEIS has lead responsibility, 
coordinating work with other relevant departments as necessary:  

• Risks to the supply of food, goods and vital services due to climate-related collapse 
of supply chains and distribution networks (with Defra and DIT)  

• Risks to people and the economy from climate-related failure of the power system 

In addition, for the coming five-year period 2023-2028, BEIS should outline appropriate 
actions in the next National Adaptation Programme to address the adaptation gap 
identified for the other risks and opportunities in the CCRA for which it is the lead 
department (see Annex). 

Department: BEIS, Timing: By 2023. 

 
Government has consulted on changing its procurement processes to better take 
account of climate change. These are good proposals but require strengthening to 
really drive progress in planning. 
Public procurement accounts for around a third of all public expenditure at £290 
billion according to a 2020 consultation by the Cabinet Office.27 Government has 
consulted on ways to improve its public procurement process, including supporting 
national priorities such as the environment and tackling climate change.  

Proposed changes would permit contracting authorities to assess how suppliers are 
operating across the whole of their business, not just criteria related to the delivery 
of the contract, for example a supplier’s plans for achieving environmental targets 
across its operations. However, the proposals also state that this would only be 
allowed in a limited number of circumstances so as not to disadvantage small 
businesses.  

Creating a level playing field for smaller businesses is important, however it is 
imperative that public procurement sends the right messages to suppliers by asking 
them to demonstrate their planning for and response to the impacts of climate 
change. In a previous consultation on social value in procurement, mitigating and 
adapting to climate change were listed as criteria that departments could use to 
assess a supplier’s contribution to environmental policy objectives.28  

Guidance should accompany any changes in procurement to ensure that 
suppliers are asked to provide useful qualitative and quantitative information on 
their contribution to environmental and climate change goals, and that these 
criteria are considered as widely as possible across contracts. 

Government confirmed it is progressing the development of a new Greening 
Government Commitments (GGC) framework for 2021-25. There is an opportunity 
to increase the coverage of adaptation in GGC reports. 
In its NAP action update the Government confirmed it is progressing the 
development of a new Greening Government Commitments (GGC) framework for 
2021-25. It is looking to include climate adaptation commitments as part of this 
framework and aims to publish new commitments in spring 2021. There is an 
opportunity to increase the coverage of adaptation in GGC reports, such as 
requesting more detailed information and highlighting best practice through case 
studies to help departments learn from one another. Reporting requirements for 
the most recent GGC report were reduced to the impact of Covid-19 on 
government departments. 

 

Suppliers should provide 
evidence of their contribution 
to environmental and climate 
change goals, and these 
criteria should be considered 
as widely as possible across 
contracts. 
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There are also examples from the private sector of greater consideration of the 
sustainability and resilience of their supply chains. 
HSBC and the Sustainability Consortium published a report in 2020 on improving 
supply chain resilience to manage climate change risks.29 It discusses physical risk 
and why this may be different to other supply chain risks that organisations may 
face, as well as strategies to improve supply chain resilience.  

There are other examples which do not currently focus on the risks from climate 
change specifically but have developed approaches which could be applied 
and learned from. WRAP’s Sustainable Clothing Action Plan aims to reduce the 
environmental footprint of clothing by bringing together industry, government and 
the third sector. Industry includes both retailers and suppliers, as well as trade 
bodies. One of the working groups focuses specifically on metrics. The Courtauld 
Commitment 2025 has similar aims and processes to address sustainability issues in 
food and drink supply chains. 

These and other approaches could help inform new industrial and economic 
strategies and policies, which must take into account the long-term impacts of 
climate change on supply chain resilience. 

Has the risk management score changed? 

Yes, the risk management score has decreased from medium to low. This is 
because of new evidence published since 2019 that points to a higher degree of 
underlying risk, while action has remained at roughly the same level, with mixed 
progress. 

In addition to the impact of Covid-19, recent survey evidence from the Economist 
Intelligence Unit suggests high costs associated with supply chain disruption. It also 
suggests businesses are rethinking their approaches to supply chain management 
following Covid-19. 
In 2021 The Economist Intelligence Unit assessed the business costs of supply chain 
disruption across eight countries, including the UK.30 In November and December 
2020 it surveyed 400 senior supply-chain and procurement executives in five sectors 
(agriculture and food, industry, consumer goods and retail, healthcare and 
pharmaceuticals, and energy and utilities).  

Its research found that disruptions have incurred substantial financial costs over the 
past three years, averaging 6 to 10% of annual revenues, as well as reputational 
costs, in terms of customer complaints and damage to brand reputation, as 
companies have struggled to maintain supplies of their goods. 54% of the 
executives surveyed said that organisations must make significant changes in order 
to effectively manage supply-chain disruptions in the next five years.  

The report assesses that ‘until now, companies have emphasised efficiency. But this 
is changing, with firms recognising a need to prioritise supply-chain resilience. Six in 
ten respondents agreed that redundancy and resilience in their company’s supply 
chain are more important than speed and efficiency, with a third of respondents 
strongly agreeing. Climate-related risks and natural disasters are among the factors 
considered most likely to impact supply chains in the next five years, though 
geopolitical and pandemic-related risks were cited by a higher proportion of 
respondents.  

 

 

A recent Economist Intelligence 
Unit survey suggests supply 
chain disruptions have incurred 
substantial financial costs over 
the past three years, averaging 
6 to 10% of annual revenues, as 
well as reputational costs. 
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Other recent survey evidence suggests mixed progress for the responses of 
business to supply chain risks. 
In response to CDP’s Supply Chain Survey in 2020, respondents from all countries 
expected total increased costs of $120 billion in the next five years, caused by 
physical environmental impacts as well as addressing regulation and market 
changes, which could be passed on to buyers.31 UK respondents reported $2.2 
billion of increased costs over the next five years due to climate change (including 
mitigation), deforestation and water insecurity risks in their supply chain. 
 

Research by Eco Act in 2020 found that 64% of FTSE100 companies assessed value 
chain risks. It found businesses in the fast-moving consumer goods sector, a key 
sector for supply chain risks, generally performed better on its survey responses, 
though only half of respondents, across the FTSE100, DOW30, IBEX35 and CAC40 
indexes, made use of scenario analysis. 89% of all FTSE 100 companies reported 
some engagement with their suppliers on climate change issues, though this 
includes mitigation as well as adaptation. The number of businesses disclosing to 
CDP in 2020 through its supply chain survey published in 2021 was nearly 8,100, 
more than double the amount in 2015. 

  

UK respondents to CDP 
reported $2.2 billion of revenue 
at risk over the next five years 
due to physical and transition 
climate change risks, 
deforestation and water 
insecurity risks in their supply 
chains. 
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5.4 Water demand by industry 

2019 score:  What has changed since 2019: 2021 score: 

5 Plan score - medium 

• There is no change in the plan score from 2019. The Environment Agency’s National
Framework identifies key sectors for regional water groups to engage with and
agree strategies for managing their water use. The retail market continues to only
deliver limited benefits in terms of improved water efficiency. However, the Retailer
Wholesaler Group (RWG) water efficiency sub-group, supported by the
Environment Agency and Ofwat, has set out an action plan to improve this. There
remains a lack of clear targets for the contribution of industry to managing water
availability.

Risk management score - medium 

• There is no change in the risk management score from 2019. Non-household
consumption of the public water supply is roughly the same as a decade ago.
There is no more recent data on abstraction by industry than there was in 2019.
Survey evidence published since 2019 suggests some sectors and businesses are
reducing their water use. Additional data which take into account production
levels are still required to assess genuine improvements in water efficiency in the
future.

5 

Summary of 2019 report score 

In our last report, water demand by industry scored a 5 (medium plan score, 
medium risk management score).  
Our last report found that there were some plans in place to reduce water use by 
businesses through abstraction reform, the water retail market and company 
initiatives and targets. However, there was no overarching plan or target and the 
effect of the water retail market on improving water efficiency was limited. 

Direct abstraction from freshwater sources had fallen between 2012 and 2017 but 
consumption from the public water supply was the same as in 2012. There was 
good evidence that some businesses were reducing water use, for example 
reporting members of the Food and Drink Federation. 

Has the plan score changed? 

No, the plan score remains medium. There has been significant progress through 
the Environment Agency’s National Framework and joint letter with Ofwat to 
improve uptake of water efficiency measures by business. There remains a lack of 
clear targets for the contribution of business to managing future water availability. 

Progress summary – Water demand by industry 

Notes: See annex for full datasets 
Key Indicators: Abstraction by industry (Ml/d), Non-household consumption of the public water supply (Ml/d), Businesses reporting water use per unit of 
production. 
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The Environment Agency’s National Framework sets out how regional groups 
should work with local business sectors to help manage water availability in their 
regions. 
Based on the analysis for the National Framework for water resources in 2020, the 
Environment Agency identified key abstractors and water using sectors for regional 
groups to engage with:32  

• Water Resources East should continue to engage with the agricultural 
sector (particularly spray irrigation), the food and drink industry, power 
sector and wider industry. 

• Water Resources South East should engage with industry, particularly paper 
and pulp, and agriculture. This includes previously exempt abstractors using 
trickle irrigation for a range of purposes such as soft fruit growers. 

• West Country Water Resources should engage with the minerals sector and 
agriculture (particularly the livestock subsector). 

• Water Resources West should engage with navigation operators and 
industry, particularly the chemicals sector, as well as agriculture. 

• Water Resources North should engage the power generation sector, 
industry and agriculture. 

The assessment identifies that reducing the demand for water from non-household 
sectors will play an important part in reducing demand overall and would have 
co-benefits such as improving the efficiency of business processes and reducing 
energy consumption. Regional groups’ engagement is expected to include the 
approach to planning for water resources, managing droughts, reducing demand, 
and forecasting and monitoring non-household use of mains water. It will also 
consider a range of solutions such as re-using process water for other neighbouring 
businesses or large and business scale grey and rainwater harvesting. 

Ofwat’s review of the retail market suggests it is still only having a limited impact on 
water efficiency. However, the Retailer Wholesaler Group (RWG) water efficiency 
sub-group, supported by the Environment Agency and Ofwat, has set out an action 
plan to improve this. 
Ofwat’s third review of the impact of the water retail market for businesses in 2020 
found that take-up of water efficiency services has increased but remains low.33 
Only around 6% of businesses who switched suppliers in the year preceding the 
report received new water efficiency or leak detection devices as a result of 
switching. Ofwat acknowledged this lack of progress in a joint open letter with the 
Environment Agency.34  

The Retailer Wholesaler Group (RWG) water efficiency sub-group has since 
consulted and signed off a Headline Action Plan with a series of actions and 
milestones, mostly over the coming year, which Ofwat and the Environment 
Agency have publicly supported.35 The plan has now been presented to the Senior 
Water Demand Steering Group (SWDSG), a new group established by Defra, as 
part of a new monitoring and reporting framework to report on progress on 
demand management.  

As part of the environmental targets under the Environment Bill, it is being 
considered whether to set a target for the overall demand for water. By including 
non-household use, this would help to drive progress in conjunction with the retail 
market. 36 

Reducing the demand for 
water from the non-household 
sector would have co-benefits 
such as improving the 
efficiency of business processes 
and reducing energy 
consumption. 

Only around 6% of businesses 
who switched suppliers in 2019 
received new water efficiency 
or leak detection devices as a 
result of switching. 
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Recommendation 

Work with the Environment Agency, Ofwat and other stakeholders to set out targets and 
supporting measures for reducing water use by business. This could be through ensuring 
that any water reduction targets linked to the Environment Bill include business as well as 
household water use, as well as responding to advice and recommendations from 
Defra’s new Senior Water Demand Reduction Group.    

Department: Defra, Timing: 2022. 

 
There are examples of private sector initiatives which plan to reduce water at 
sector or company level. 
The Food and Drink Federation (FDF) and several member companies are 
supporters of the Courtauld 2025 Water Ambition. This commits signatory businesses 
to monitor water use in their own operations, improve efficiency and work 
collectively to improve the quality and availability of water in key sourcing areas 
by 2025. It includes a catchment project in the UK and going forward, the FDF and 
WRAP will look to develop a Water Roadmap for businesses. 

Has the risk management score changed? 

No. There is some evidence of positive action by industry to reduce water use. 
Additional data which take into account production levels are still required to 
assess genuine improvements in water efficiency in the future. 

Non-household consumption of the public water supply is at roughly the same 
level as a decade ago. 
Data from the Environment Agency suggest that non-household consumption of 
the public water supply was 2,700 Ml/d in 2019/20.37 This is the same as for our last 
report two years ago, but also the same as consumption in 2009/10. Due to the 
impacts of Covid-19 on resources for data collection, there are no updated data 
for abstraction. Additional data which take into account production levels are still 
required to assess genuine improvements in water efficiency. 

Reports and survey data suggest positive action by businesses to address water 
efficiency, though this is not necessarily widespread across sectors. 
In CDP’s most recent Global Water Report published in 2021, disclosures indicate 
that not addressing water risks is more costly than addressing them, though this 
includes flooding in addition to water availability.38 The information submitted 
suggested the potential financial impact of global water risks to businesses is five 
times higher than the cost of addressing them. The sectors facing highest financial 
impacts are manufacturing, power generation, and food, beverage, and 
agriculture.  

Since 2018, almost two-thirds of responding companies state they are reducing or 
at least maintaining their water withdrawals compared to the previous year. 27% of 
respondents reported adopting water efficiency, conservation, re-use and 
recycling measures and the proportion that factor water availability at a basin or 
catchment level into water risk assessments had increased from the previous year’s 
survey from 48% to 65% of respondents. 

CDP’s Global Water Report also highlighted case studies of action by businesses. 
L’Oréal uses a ‘waterloop’ standard, where all process water is reused or recycled 
on site. It reports that the cost of equipping facilities with the water recycling 
technology required is lower than the potential financial impact of water-related 
risks. It aims to use this approach in all of its factories by 2030. Nissan uses rainwater 

Non-household consumption of 
the public water supply was 
2,700 Ml/d in 2019/20. This is the 
same as for our last report two 
years ago, but also the same as 
consumption in 2009/10. 

There are good examples of 
businesses developing 
processes to re-use or recycle 
water for which they report that 
the benefits exceed the costs. 
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harvesting and wastewater recycling at one its sites, allowing it to be independent 
of external water sources and save on water bills through reducing use. 

Food and Drink Federation (FDF) members reporting in 2019 had reduced their 
absolute water consumption by 41.5% between 2007 and 2019 and the amount of 
water consumed per tonne of product was reduced by 44.5% over the same 
period.39 
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5.5 Business opportunities from climate change adaptation 

2019 score:  What has changed since 2019: 2021 score: 

2 Plan score - low 

• There is no change in the plan score from 2019. There has been progress in planning
for a green recovery in response to the economic impacts from Covid-19,
launching a race for resilience and some promising pilot schemes for adaptation.
However, the business opportunities from climate change adaptation specifically
are generally not considered in relevant national plans or strategies.

Risk management score - medium 

• There is no change in the risk management score from 2019. From the available
data it is not possible to tell the extent to which UK businesses are planning for any
direct opportunities from climate change (such as potentially longer growing
seasons). There is some evidence published since 2019 suggesting businesses are
considering opportunities from climate change adaptation.

2 

Summary of 2019 report score 

In our last report, business opportunities from climate change adaptation scored a 
2 (low plan score, medium risk management score).  
Our last report found that there was no overarching plan and the Industrial 
Strategy did not mention climate change as a potential driver of business growth 
or city regeneration through adaptation-related technologies. There were no 
specific schemes from Innovate UK or use of the Industrial Strategy Challenge Fund 
to encourage climate-related adaptation opportunities. 

Opportunities were identified for banking and green finance which had the 
potential to direct more finance towards adaptation and develop new 
adaptation products and services. The available data did not demonstrate the 
extent to which businesses were realising the opportunities from climate change. 

Has the plan score changed? 

No, the plan score remains low. There has been progress in planning for a green 
recovery in response to the economic impacts from Covid-19 and achieving Net 
Zero, and some promising pilot schemes for adaptation. However, to improve the 
score, there needs to be better plans at national level.  

The Government has set out plans for transforming the financial system to better 
support environmental objectives. These plans reference the opportunities from 
climate change adaptation, though there is little detail at this stage. 
Shortly after our last report in 2019, the Government published its Green Finance 
Strategy.40 The strategy specifically mentioned ‘championing the resilience 
agenda’ and exploring measures to unlock new revenue streams in areas such as 
natural capital and resilience.  

Progress summary – Business opportunities from climate change adaptation 

Notes: See annex for full datasets 
Key Indicators: Number of businesses reporting that they assess opportunities from climate change adaptation, Issues of resilience or other sustainability 
bonds to finance adaptation opportunities, Sales of adaptation goods and services. 
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It is due to conduct a formal review of progress against the ambitions and plans 
across all parts of the Green Finance Strategy in 2022.  

A report by the London Stock Exchange Group in December 2020 highlighted 
examples of the use of new green finance products around the world, including for 
adaptation and resilience, such as green and sustainability bonds.41 The review of 
the Green Finance Strategy should consider these and other new products and 
services. The review should also consider how the use of these or similar products 
and services could be increased and therefore create more opportunities for UK 
businesses from climate change adaptation. 

In addition to announcing plans for making TCFD reporting mandatory, the UK 
Government announced a sovereign green bond in 2020. The Green Finance 
Institute assessed that this ‘delivers on plans to move towards a resilient, Net Zero 
carbon economy,’ it will ‘bring a range of positive social benefits such as creating 
green collar jobs, skills and regional revitalisation,’ and ‘provide finance for green 
infrastructure, it will create green jobs and catalyse the sterling green bond 
market.’ 42 

The 2021 Dasgupta Review of the economics of biodiversity highlights the need for 
new standards, data and tools to help businesses and financial institutions integrate 
nature-related considerations into their decision-making. 
The 2021 Dasgupta Review of the economics of biodiversity identified the need for 
a financial system that channels financial investments – public and private – 
towards economic activities that enhance the stock of natural assets and 
encourages sustainable consumption and production activities.43  

Much like for TCFD reporting and climate change, it sets out that ‘what is ultimately 
required is a set of global standards underpinned by credible, decision-grade 
data, which businesses and financial institutions can use to fully integrate Nature-
related considerations into their decision-making, and assess and disclose their use 
of, and impact on, Nature.’  

Transforming the financial system to achieve this should incorporate the long-term 
impacts of climate change and consider the opportunities this transformation 
could create for business in the financial sector and more widely. Tools such as 
ENCORE (Exploring Natural Capital Opportunities, Risks and Exposure) could be 
promoted to help businesses become aware of new opportunities related to 
natural capital. 

A ‘Race to Resilience’ has been launched for COP26. This and other international 
initiatives can help to raise awareness of adaptation opportunities at the same time 
as improving resilience in the UK and other countries. 
The ‘Race to Resilience’ was announced in January 2021 and aims by 2030, to 
catalyse action by non-state actors* that builds the resilience of 4 billion people 
from vulnerable groups and communities to climate risks.44  The campaign will 
report back on progress annually starting at COP26. Mark Carney also announced 
a strategy for building a private finance system for Net Zero, with one of the four 
pillars being ‘returns.’ Similar principles could be used to consider the opportunities 
for adaptation. 

There could also be more opportunities for UK businesses if measures for a green 
recovery are able to better integrate adaptation and resilience. 

 
*   Non-state actors for the Race to Resilience could be individual companies, cities, regions, NGOs or organizations. 

The new sovereign green bond 
could help provide green and 
resilient infrastructure and 
create jobs. 
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In 2020, the Government has also announced a series of measure to help support 
a green recovery from the economic impacts of Covid-19, such as a ten-point 
plan for a green industrial revolution and a green jobs taskforce on skills, both 
currently focussed on Net Zero.45 The Institute for Apprenticeships and Technical 
Education has also launched a green apprenticeships advisory panel.46 Many of 
the areas under the ten-point plan will require consideration of mitigation and 
adaptation in parallel.  

There could also be more opportunities for adaptation-related jobs and 
apprenticeships schemes particularly given possible changes in work and supply 
chains as a result of Covid-19 and the end of the transition period after leaving the 
EU. For example, if more people work at home, there will be opportunities for new 
products and services which help people to be productive, including during 
periods of hot weather now and in the future.  

A report published by the Green Alliance in May 2021 considers the potential for 
creating new green jobs across Britain and found opportunities in seagrass 
planting, tree planting and wetlands restoration, peatland restoration initiatives 
and creating new green spaces.47 

There are examples of regional or project use of green finance which support 
adaptation and could be scaled up to provide greater opportunities for business. 
The IGNITION project aims to increase investment in Greater Manchester’s natural 
environment and build the city region’s ability to adapt to the increasing impacts 
of climate change. 

An example is the Greater Manchester IGNITION project which aims to develop 
innovative financing solutions for investment in Greater Manchester’s natural 
environment and build the city region’s ability to adapt to the increasing impacts 
of climate change.48 It focuses on solutions such as rain gardens, street trees, green 
roofs and walls and development of green spaces. The aim is to develop a model 
that enables major investment in large-scale environmental projects which can 
increase climate resilience.49 

From 12 February 2021, organisations can apply for a natural environment 
investment readiness fund (NEIRF) grant. 50 The NEIRF is a competitive grants 
scheme providing grants of between £10,000 and £100,000 to support 
environmental projects in England. Projects should have the ability to produce 
revenue from ecosystem services to attract and repay investment. Ecosystem 
services could include selling biodiversity units from a habitat bank or selling 
‘catchment services’ such as improved water quality and natural flood 
management benefits resulting from natural environment improvements. 

Has the opportunity score changed? 

No, the opportunity score remains medium. From the available data it is not 
possible to tell the extent to which UK businesses are realising the opportunities 
from climate change. There is some evidence published since 2019 suggesting 
businesses are considering opportunities from climate change adaptation. 

There is some work being undertaken by government departments and agencies 
to create adaptation-related export opportunities for UK businesses. 
There are several NAP Action updates related to opportunities. UK Export Finance is 
undertaking work with the Environment Agency and OGDs on export opportunities 
related to ‘flood control risk management,’ with the aim of producing a 
‘prospectus’ in 2021.  

If more people work at home, 
there will be opportunities for 
new products and services 
which help people to be 
productive, including during 
periods of hot weather now 
and in the future. 
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The Department for International Trade (DIT) carried out work to help businesses 
and the City of London demonstrate leadership in finance and insurance, 
including through the 2021 Global Resilience Summit. DIT is also undertaking work 
to link UK firms with international partners to help deliver resilient infrastructure in 
other countries. 

There is evidence of a growing demand for adaptation-related advisory services 
and data.  
In January 2020 a special issue of the journal ‘Climate Services’ summarised the 
findings of two EU-funded projects, called MARCO and EU MACS.51 These projects 
aimed to characterise the current and untapped market for climate services in 
Europe and derive opportunities for market growth. For the UK they identified a 
range of case studies and examples for different types of services: 

• adaptation and engineering solutions; 

• risk assessments and reporting; 

• climate models and scenario analyses 

• climate finance; 

• climate data; 

• climate communications; and 

• climate intelligence. 

This demand for better business capability when it comes to assessing physical risk 
and adaptation can also be seen in recent corporate acquisitions; insurance 
broker Willis Towers Watson recently acquired adaptation consultancy Acclimatise, 
and McKinsey acquired consultancy Vivid Economics and climate analytics 
platform Planetrics.  

Survey evidence published since 2019 suggests there may be significant 
opportunities for businesses and that some are planning specifically for adaptation. 
However, much of this evidence is either for both mitigation and adaptation 
(making adaptation difficult to separate out) or for companies based outside the 
UK. 
Research by Eco Act in 2020 found that 70% of FTSE 100 companies assess the 
opportunities from climate change, though this is for both mitigation and 
adaptation. Data published by FTSE Russell in 2020 suggest that the green 
economy, and potentially related opportunities for climate change adaptation, is 
increasing in size. FTSE Russell’s analysis found that the global green economy has 
grown from US$2 trillion in 2009 to US$4 trillion in 2018, an annualized growth rate of 
8%.52 However, it still remains a small proportion of all finance and the UK in 
particular has relatively low exposure to the green economy compared to other 
countries. In the 2020 TCFD Status Report, a case study from Pfizer stated that it was 
seizing the opportunities presented by climate change adaptation, particularly in 
terms of sustainable product development. It claims it is the first company in the 
pharmaceutical sector to issue a green bond.   

Based on the responses of the 500 biggest companies by market capitalization 
that disclosed to CDP in 2018, $236 billion of potential increased revenue through 
new solutions to adaptation needs was identified in a 2019 CDP report. The 
responses covered a range of sectors, though manufacturing businesses identified 
the most potential revenue of any sector.53  

70% of FTSE 100 companies 
reported they assess the 
opportunities from climate 
change mitigation and 
adaptation. 
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Annex 1 

Departmental risk owners  
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This report assesses progress for 33 adaptation priorities representing different policy 
teams in the UK Government. In CCRA3, there are 61 risks and opportunities that 
should be included in the next iteration of the National Adaptation Programme.  
Table 1 below shows the departmental owners for the risks and opportunities in 
CCRA3, which are linked to the Committee’s recommendations (see Executive 
Summary). It also shows a rough mapping to the priorities assessed in this report. 

CCRA3 Risk or opportunity Lead 
department 

Secondary 
departments 

Progress Report Adaptation Priority 

N1 - Risks to terrestrial species and 
habitats from changing climatic 
conditions and extreme events 

Defra Terrestrial habitats and species 

Farmland habitats and species 

N2 - Risks to terrestrial species and 
habitats from pests, pathogens and 
invasive species 

Defra Terrestrial habitats and species 

Farmland habitats and species 

N3 - Opportunities from new species 
colonisations in terrestrial habitats 

Defra Terrestrial habitats and species 

Farmland habitats and species 

N4 - Risk to soils from changing 
climatic conditions, including 
seasonal aridity and wetness.  

Defra Terrestrial habitats and species 

Agricultural productivity 

Commercial forestry 

N5 - Risks to natural carbon stores 
and sequestration from changing 
climatic conditions, including 
temperature change and water 
scarcity.  

Defra Terrestrial habitats and species 

Agricultural productivity 

Commercial forestry 

N6 - Risks to and opportunities for 
agricultural and forestry productivity 
from extreme events and changing 
climatic conditions  

Defra Agricultural productivity 

Commercial forestry 

Water management 

N7 - Risks to agriculture from pests, 
pathogens and invasive species 

Defra Agricultural productivity 

N8 - Risks to forestry from pests, 
pathogens and invasive species 

Defra Commercial forestry 

N9 - Opportunities for agricultural 
and forestry productivity from 
new/alternative species becoming 
suitable.  

Defra Agricultural productivity 

Commercial forestry 

N10 - Risks to aquifers and 
agricultural land from sea level rise, 
saltwater intrusion 

Defra Agricultural productivity 

N11 - Risks to freshwater species and 
habitats from changing climatic 
conditions and extreme events  

Defra Freshwater habitats and species 

Water management 

Table A2 
CCRA3 risks, departmental owners and adaptation priorities 
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N12 - Risks to freshwater species and 
habitats from pests, pathogens and 
invasive species 

Defra Freshwater habitats and species 

N13 - Opportunities to freshwater 
species and habitats from new 
species colonisations  

Defra Freshwater habitats and species 

N14 - Risks to marine species, 
habitats and fisheries from changing 
climatic conditions, including ocean 
acidification and higher water 
temperatures. 

Defra Marine and coastal habitats and species 

Commercial fisheries and aquaculture 

N15 - Opportunities to marine 
species, habitats and fisheries from 
changing climatic conditions 

Defra Marine and coastal habitats and species 

Commercial fisheries and aquaculture 

N16 - Risks to marine species and 
habitats from pests, pathogens and 
invasive species 

Defra Marine and coastal habitats and species 

Commercial fisheries and aquaculture 

N17 - Risks and opportunities to 
coastal species and habitats due to 
coastal flooding, erosion and 
climate factors 

Defra Marine and coastal habitats and species 

N18 - Risks and opportunities from 
climate change to landscape 
character 

Defra N/A 

I1 - Risks to infrastructure networks 
(water, energy, transport, ICT) from 
cascading failures  

Cabinet 
Office 

BEIS, DfT, 
MHCLG, 
DCMS 

Infrastructure interdependencies 

Design/location of new infrastructure 

I2 - Risks to infrastructure services 
from river, surface water and 
groundwater flooding 

Defra BEIS, DfT, 
MHCLG 

River and coastal flood alleviation 

Surface water flood alleviation 

Development – surface water flooding 

Development – river or coastal flooding 

Energy sector 

Rail network 

Strategic road network 

Local road network 

Ports 

Airports 

Design/location of new infrastructure 

Telecoms, digital and ICT 

I3 - Risks to infrastructure services 
from coastal flooding and erosion 

Defra BEIS, DfT, 
MHCLG 

River and coastal flood alleviation 

Surface water flood alleviation 

Development – surface water flooding 
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Development – river or coastal flooding 

Energy sector 

Rail network 

Strategic road network 

Local road network 

Ports 

Airports 

Telecoms, digital and ICT 

Design/location of new infrastructure 

I4 - Risks to bridges and pipelines 
from flooding and erosion 

Defra DfT, BEIS, 
MHCLG 

River and coastal flood alleviation 

Rail network 

Strategic road network 

Local road network 

Energy 

I5 - Risks to transport networks from 
slope and embankment failure  

DfT MHCLG Rail network 

Strategic Road Network 

Local road network 

I6 - Risks to hydroelectric generation 
from low or high river flows  

BEIS Energy 

I7 - Risks to subterranean and 
surface infrastructure from 
subsidence 

Defra BEIS, DfT, 
DCMS, 
MHCLG 

Energy 

Telecoms, digital and ICT 

I8 - Risks to public water supplies 
from reduced water availability  

Defra Public water supply infrastructure 

Water demand – built environment 

I9 - Risks to energy generation from 
reduced water availability 

BEIS Energy 

I10 - Risks to energy from high and 
low temperatures, high winds, 
lightning  

BEIS Energy 

I11 - Risks to offshore infrastructure 
from storms and high waves  

BEIS Energy 

I12 - Risks to transport from high and 
low temperatures, high winds, 
lightning 

DfT MHCLG Rail network 

Strategic road network 

Local road network 

I13 - Risks to digital from high and low 
temperatures, high winds, lightning 

DCMS MHCLG Telecoms, digital and ICT 

H1 - Risks to health and wellbeing 
from high temperatures 

MHCLG DHSC, BEIS Health impacts from heat and cold 

H2 - Opportunities for health and 
wellbeing from higher temperatures 

DHSC Health impacts from heat and cold 
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H3 - Risks to people, communities 
and buildings from flooding 

Defra MHCLG, 
Cabinet 
Office, 

River and coastal flood alleviation 

Surface water flood alleviation 

Development – surface water flooding 

Recovery from flooding 

Property-level flood resilience 

H4 - Risks to people, communities 
and buildings from sea level rise 

Defra MHCLG River and coastal flood alleviation 

Recovery from flooding 

Coastal erosion risk management 

H5 - Risks to building fabric MHCLG BEIS N/A 

H6 - Risks and opportunities from 
summer and winter household 
energy demand 

BEIS Energy 

H7 - Risks to health and wellbeing 
from changes in air quality 

Defra DHSC Air quality 

H8 - Risks to health from vector-
borne diseases 

DHSC Human pathogens 

H9 - Risks to food safety and food 
security 

Defra Human pathogens 

H10 - Risks to health from water 
quality and household water supply 

Defra N/A 

H11 - Risks to cultural heritage DCMS N/A 

H12 - Risks to health and social care 
delivery 

DHSC MHCLG Emergency planning system 

Health impacts from heat and cold 

H13 - Risks to education and prison 
services 

MoJ and 
DfE 

Health impacts from heat and cold 

B1 - Risks to business sites from 
flooding 

Defra BEIS, 
MHCLG, DfT 

Extreme weather impacts on business 

B2 - Risks to business locations and 
infrastructure from coastal change 
from erosion, flooding and extreme 
weather events 

Defra BEIS, 
MHCLG, DfT 

Extreme weather impacts on business 

B3 - Risks to businesses from water 
scarcity 

Defra BEIS Water demand by industry 

B4 - Risks to finance, investment and 
insurance including access to 
capital for businesses 

BEIS DIT, DWP, 
HMT 

N/A 

B5 - Risks to business from reduced 
employee productivity due to 
infrastructure disruption and higher 
temperatures in working 
environments 

BEIS DHSC, DWP Health impacts from heat and cold 

Extreme weather impacts on business 
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B6 - Risks to business from disruption 
to supply chains and distribution 
networks 

BEIS DfT, MHCLG, 
DIT 

Supply chain interruptions 

B7 - Opportunities for business from 
changes in demand for goods and 
services 

BEIS DIT Business opportunities from adaptation 

ID1 - Risks to UK food availability, 
safety, and quality from climate 
change overseas 

Defra FCDO, DIT Supply chain interruptions 

ID2 - Opportunities for UK food 
availability and exports from climate 
impacts overseas 

Defra FCDO, DIT N/A 

ID3 - Risks to the UK from climate-
related international human mobility 

FCDO Home 
Office 

N/A 

ID 4 - Risks to the UK from 
international violent conflict resulting 
from climate change on the UK 

FCDO Home 
Office, MoD, 
Cabinet 
Office 

N/A 

ID5 - Risks to international law and 
governance from climate change 
overseas that will impact the UK 

FCDO MoD, 
Cabinet 
Office 

N/A 

ID6 - Opportunities from climate 
change (including arctic ice melt) 
on international trade routes 

DIT FCDO N/A 

ID7 - Risks from climate change on 
international trade routes 

DIT Supply chain interruptions 

ID8 - Risk to the UK finance sector 
from climate change overseas 

HM Treasury DIT, FCDO N/A 

ID9 - Risk to UK public health from 
climate change overseas 

DHSC FCDO Human pathogens 

ID10 - Risk multiplication from the 
interactions and cascades of 
named risks across systems and 
geographies 

Cabinet 
Office 

N/A 

Source: CCC, Defra 

2598  



269 Climate Change Committee 

This page has been left intentionally blank

2599  



Progress in adapting to climate change: 2021 Report to Parliament 270

This page has been left intentionally blank

2600  



271 Climate Change Committee 

This page has been left intentionally blank

2601  



 

 
 

 

June 2021 

Progress in adapting to climate change – 2021 Report to Parliament  
Climate Change Committee 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Victoria St, Westminster 
London SW1H 0ET 
 
www.theccc.org.uk 
@theCCCuk 

2602  

http://www.theccc.org.uk/
https://twitter.com/theCCCuk


2603  



2604  



IN THE YEAR 2015, LEADERS FROM 193 COUNTRIES OF THE WORLD 

CAME TOGETHER TO FACE THE FUTURE.

And what they saw was daunting. Famines. Drought. Wars. Plagues. Poverty. 

Not just in some faraway place, but in their own cities and towns and villages.

They knew things didn’t have to be this way. They knew we had enough 

food to feed the world, but that it wasn’t getting shared. They knew there 

were medicines for HIV and other diseases, but they cost a lot. They knew 

that earthquakes and floods were inevitable, but that the high death 

tolls were not. 

They also knew that billions of people worldwide shared their hope for a 

better future.

So leaders from these countries created a plan called the Sustainable 

Development Goals (SDGs). This set of 17 goals imagines a future just 15 years 

off that would be rid of poverty and hunger, and safe from the worst effects of 

climate change. It’s an ambitious plan. 

But there’s ample evidence that we can succeed. In the past 15 years, the 

international community cut extreme poverty in half. 

Now we can finish the job.

The United Nations Development Programme (UNDP) is one of the leading 

organizations working to fulfil the SDGs by the year 2030. Present in nearly 

170 countries and territories, we help nations make the Goals a reality. 

We also champion the Goals so that people everywhere know how to 

do their part. 

UNDP is proud to continue as a leader in this global movement.

Learn about the Sustainable Development Goals.  What’s your Goal? 
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END EXTREME POVERTY IN ALL FORMS  
BY 2030.

Yes, it’s an ambitious goal—but we believe it can be done. In 2000, the 

world committed to halving the number of people living in extreme 

poverty by the year 2015 and we met this goal. However, more than 

800 million people around the world still live on less than $1.25 a day—

that’s about the equivalent of the entire population of Europe living in 

extreme poverty. Now it’s time to build on what we learned and end 

poverty altogether. 
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END HUNGER, ACHIEVE FOOD SECURITY 
AND IMPROVED NUTRITION AND PROMOTE 
SUSTAINABLE AGRICULTURE

In the past 20 years, hunger has dropped by almost half. Many 

countries that used to suffer from famine and hunger can now 

meet the nutritional needs of their most vulnerable people. It’s an 

incredible accomplishment. Now we can go further and end hunger 

and malnutrition once and for all. That means doing things such as 

promoting sustainable agriculture and supporting small farmers. It’s a tall 

order. But for the sake of the nearly 1 out of every 9 people on earth who 

go to bed hungry every night, we’ve got to try. Imagine a world where 

everyone has access to sufficient and nutritious food all year round. 

Together, we can make that a reality by 2030. 
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ENSURE HEALTHY LIVES AND PROMOTE 
WELL-BEING FOR ALL AT ALL AGES

We all know how important it is to be in good health. Our health affects 

everything from how much we enjoy life to what work we can perform. 

That’s why there’s a Goal to make sure everyone has health coverage 

and access to safe and effective medicines and vaccines. In the 25 

years before the SDGs, we made big strides—preventable child deaths 

dropped by more than half, and maternal mortality went down by 

almost as much. And yet some other numbers remain tragically high, like 

the fact that 6 million children die every year before their fifth birthday, 

or that AIDS is the leading cause of death for adolescents in sub-Saharan 

Africa. We have the means to turn that around and make good health 

more than just a wish.
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ENSURE INCLUSIVE AND EQUITABLE QUALITY 
EDUCATION AND PROMOTE LIFELONG 
LEARNING OPPORTUNITIES FOR ALL 

First, the bad news on education. Poverty, armed conflict and other 

emergencies keep many, many kids around the world out of school. In 

fact, kids from the poorest households are four times more likely to be 

out of school than those of the richest households. Now for some good 

news. Since 2000, there has been enormous progress on the goal to 

provide primary education to all children worldwide: the total enrolment 

rate in developing regions has reached 91%. By measures in any school, 

that’s a good grade. Now, let’s get an even better grade for all kids, 

and achieve the goal of universal primary and secondary education, 

affordable vocational training, access to higher education and more.
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We can celebrate the great progress the world has made in becoming 

more prosperous and fair. But there’s a shadow to the celebration. In 

just about every way, women and girls lag behind. There are still gross 

inequalities in work and wages, lots of unpaid “women’s work” such as 

child care and domestic work, and discrimination in public decision-

making. But there are grounds for hope. More girls are in school now 

compared to in 2000. Most regions have reached gender parity in 

primary education. The percentage of women getting paid for their work 

is on the rise. The Sustainable Development Goals aim to build on these 

achievements to ensure that there is an end to discrimination against 

women and girls everywhere.

ACHIEVE GENDER EQUALITY AND 
EMPOWER ALL WOMEN AND GIRLS 
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Everyone on earth should have access to safe and affordable drinking 

water. That’s the goal for 2030. While many people take clean drinking 

water and sanitation for granted, many others don’t. Water scarcity 

affects more than 40 percent of people around the world, and that 

number is projected to go even higher as a result of climate change. 

If we continue the path we’re on, by 2050 at least one in four people 

are likely to be affected by recurring water shortages. But we can take 

a new path—more international cooperation, protecting wetlands 

and rivers, sharing water-treatment technologies—that leads to 

accomplishing this Goal. 

ENSURE AVAILABILITY AND SUSTAINABLE 
MANAGEMENT OF WATER AND SANITATION 
FOR ALL 
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ENSURE ACCESS TO AFFORDABLE, RELIABLE, 
SUSTAINABLE AND MODERN ENERGY FOR 
ALL 

Between 1990 and 2010, the number of people with access to electricity 

increased by 1.7 billion. That’s progress to be proud of. And yet as the 

world’s population continues to rise, still more people will need cheap 

energy to light their homes and streets, use phones and computers, 

and do their everyday business. How we get that energy is at issue; fossil 

fuels and greenhouse gas emissions are making drastic changes in the 

climate, leading to big problems on every continent. Instead, we can 

become more energy-efficient and invest in clean energy sources such 

as solar and wind. That way we’ll meet electricity needs and protect the 

environment. How’s that for a balancing act?
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PROMOTE SUSTAINED, INCLUSIVE AND 
SUSTAINABLE ECONOMIC GROWTH, FULL 
AND PRODUCTIVE EMPLOYMENT AND 
DECENT WORK FOR ALL 

An important part of economic growth is that people have jobs that 

pay enough to support themselves and their families. The good news 

is that the middle class is growing worldwide—almost tripling in size 

in developing countries in the last 25 years, to more than a third of the 

population. But today, job growth is not keeping pace with the growing 

labour force. Things don’t have to be that way. We can promote policies 

that encourage entrepreneurship and job creation. We can eradicate 

forced labour, slavery and human trafficking. And in the end we can 

achieve the goal of decent work for all women and men by 2030.
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BUILD RESILIENT INFRASTRUCTURE, 
PROMOTE INCLUSIVE AND SUSTAINABLE 
INDUSTRIALIZATION AND FOSTER 
INNOVATION 

Technological progress helps us address big global challenges such as 

creating jobs and becoming more energy efficient. For example, the 

world is becoming ever more interconnected and prosperous thanks to 

the internet. The more connected we are, the more we can all benefit 

from the wisdom and contributions of people everywhere on earth.  And 

yet four billion people have no way of getting online, the vast majority 

of them in developing countries. The more we invest in innovation 

and infrastructure, the better off we’ll all be. Bridging the digital divide, 

promoting sustainable industries, and investing in scientific research and 

innovation are all important ways to facilitate sustainable development.
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REDUCE INEQUALITY WITHIN AND AMONG 
COUNTRIES 

It’s an old story: the rich get richer, and the poor get poorer. The divide 

has never been starker. We can and must adopt policies that create 

opportunity for everyone, regardless of who they are or where they 

come from. Income inequality is a global problem that requires global 

solutions. That means improving the regulation of financial markets 

and institutions, sending development aid where it is most needed 

and helping people migrate safely so they can pursue opportunities. 

Together, we can now change the direction of the old story of inequality. 
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MAKE CITIES AND HUMAN SETTLEMENTS 
INCLUSIVE, SAFE, RESILIENT AND 
SUSTAINABLE 

If you’re like most people, you live in a city. More than half the world’s 

population now lives in cities, and that figure will go to about two-thirds 

of humanity by the year 2050. Cities are getting bigger. In 1990 there 

were ten “mega-cities” with 10 million inhabitants or more. In 2014, there 

were 28 mega-cities, home to 453 million people. Incredible, huh? A lot 

of people love cities; they’re centers of culture and business and life. The 

thing is, they’re also often centers of extreme poverty. To make cities 

sustainable for all, we can create good, affordable public housing. We 

can upgrade slum settlements. We can invest in public transport, create 

green spaces, and get a broader range of people involved in urban 

planning decisions. That way, we can keep the things we love about 

cities, and change the things we don’t.
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ENSURE SUSTAINABLE CONSUMPTION AND 
PRODUCTION PATTERNS

Some people use a lot of stuff, and some people use very little—in fact, 

a big share of the world population is consuming too little to meet even 

their basic needs. Instead, we can have a world where everybody gets 

what they need to survive and thrive. And we can consume in a way 

that preserves our natural resources so that our children can enjoy them, 

and their children and their children after that. The hard part is how to 

achieve that goal. We can manage our natural resources more efficiently 

and dispose of toxic waste better. Cut per capita food waste in half 

globally. Get businesses and consumers to reduce and recycle waste. 

And help countries that have typically not consumed a lot to move 

towards more responsible consumption patterns.
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TAKE URGENT ACTION TO COMBAT CLIMATE 
CHANGE AND ITS IMPACTS

Every country in the world is seeing the drastic effects of climate 

change, some more than others. On average, the annual losses just 

from earthquakes, tsunamis, tropical cyclones and flooding count in the 

hundreds of billions of dollars. We can reduce the loss of life and property 

by helping more vulnerable regions—such as land-locked countries 

and island states—become more resilient. It is still possible, with the 

political will and technological measures, to limit the increase in global 

mean temperature to two degrees Celsius above pre-industrial levels—

and thus avoid the worst effects of climate change. The Sustainable 

Development Goals lay out a way for countries to work together to meet 

this urgent challenge. 
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CONSERVE AND SUSTAINABLY USE THE 
OCEANS, SEAS AND MARINE RESOURCES 
FOR SUSTAINABLE DEVELOPMENT

The oceans make human life possible. Their temperature, their chemistry, 

their currents, their life forms. For one thing, more than 3 billion people 

depend on marine and coastal diversity for their livelihoods. But today 

we are seeing nearly a third of the world’s fish stocks overexploited. 

That’s not a sustainable way of life. Even people who live nowhere near 

the ocean can’t live without it. Oceans absorb about 30 percent of the 

carbon dioxide that humans produce; but we’re producing more carbon 

dioxide than ever before and that makes the oceans more acidic—26% 

more, since the start of the industrial revolution. Our trash doesn’t help 

either—13,000 pieces of plastic litter on every square kilometer of ocean. 

Sounds bad, right? Don’t despair! The Sustainable Development Goals 

indicate targets for managing and protecting life below water. 
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PROTECT, RESTORE AND PROMOTE 
SUSTAINABLE USE OF TERRESTRIAL 
ECOSYSTEMS, SUSTAINABLY MANAGE 
FORESTS, COMBAT DESERTIFICATION, AND 
HALT AND REVERSE LAND DEGRADATION 
AND HALT BIODIVERSITY LOSS 

Humans and other animals rely on other forms of life on land for food, 

clean air, clean water, and as a means of combatting climate change. 

Plant life makes up 80% of the human diet. Forests, which cover 30% 

of the Earth’s surface, help keep the air and water clean and the Earth’s 

climate in balance. That’s not to mention they’re home to millions of 

animal species. But the land and life on it are in trouble. Arable land 

is disappearing 30 to 35 times faster than it has historically. Deserts 

are spreading. Animal breeds are going extinct. We can turn these 

trends around. Fortunately, the Sustainable Development Goals aim to 

conserve and restore the use of terrestrial ecosystems such as forests, 

wetlands, drylands and mountains by 2030. 
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PROMOTE PEACEFUL AND INCLUSIVE 
SOCIETIES FOR SUSTAINABLE 
DEVELOPMENT, PROVIDE ACCESS TO 
JUSTICE FOR ALL AND BUILD EFFECTIVE, 
ACCOUNTABLE AND INCLUSIVE 
INSTITUTIONS AT ALL LEVELS 

How can a country develop—how can people eat and teach and learn 

and work and raise families—without peace? And how can a country 

have peace without justice, without human rights, without government 

based on the rule of law? Some parts of the world enjoy relative peace 

and justice, and may come to take it for granted. Other parts seem to 

be plagued by armed conflict, crime, torture and exploitation, all of 

which hinders their development. The goal of peace and justice is one 

for all countries to strive towards. The Sustainable Development Goals 

aim to reduce all forms of violence and propose that governments 

and communities find lasting solutions to conflict and insecurity. That 

means strengthening the rule of law, reducing the flow of illicit arms, 

and bringing developing countries more into the center of institutions 

of global governance.
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STRENGTHEN THE MEANS OF 
IMPLEMENTATION AND REVITALIZE THE 
GLOBAL PARTNERSHIP FOR SUSTAINABLE 
DEVELOPMENT 

The Sustainable Development Goals are pretty big to-do list, don’t you 

think? In fact, it’s so big, you may just want to throw your hands up in the 

air. “Forget it! Can’t be done! Why even try!” But we’ve got a lot going for 

us. The world is more interconnected today than ever before, thanks to 

the internet, travel and global institutions. There’s a growing consensus 

about the need to work together to stop climate change. And the 

Sustainable Development Goals are no small matter either. 193 countries 

agreed on these goals. Pretty incredible, isn’t it? 193 countries agreeing 

on anything? The final goal lays out a way for nations to work together to 

achieve all the other Goals. 
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Go shopping 

Make a donation 

Start a fundraiser 

Spread the word 

Visit shop.undp.org for SDG merchandise, and show off the goals you’re 

most passionate about. 

Money doesn’t just make the world go around; it’s also the most direct 

way to reduce and eradicate all forms of poverty.

Fundraising is a great way to raise money, create awareness, and inspire 

others. Plus, it’s fun!

Search for @UNDP on Twitter, Facebook and Instagram, and share the 

content you love.

To donate or learn more about fundraising, visit undp.org/takeaction

There are many ways to show your support and help us reach 

the Sustainable Development Goals by 2030. Here are a few :

WHAT CAN  
I DO TO HELP?
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INTRODUCTION

This report provides a summary of the UK weather and climate through the

calendar year 2020, alongside the historical context for a number of essential

climate variables. This is the seventh in a series of annual ‘State of the UK cli-

mate’ publications and an update to the 2019 report (Kendon et al., 2020). It

provides an accessible, authoritative and up-to-date assessment of UK climate

trends, variations and extremes based on the most up to date observational

datasets of climate quality.

The majority of this report is based on observations of temperature, precipita-

tion, sunshine and wind speed from the UK land weather station network as

managed by the Met Office and a number of key partners and co-operating vol-

unteers. The observations are carefully managed such that they conform to cur-

rent best practice observational standards as defined by the World

Meteorological Organization (WMO). The observations also pass through a

range of quality assurance procedures at the Met Office before application for

climate monitoring. Time series of near-coast sea-surface temperature and sea-

level are also presented and in addition a short section on phenology which pro-

vides dates of first leaf and bare tree indicators for four common shrub or tree

species.

National and regional statistics in this report are from the HadUK-Grid dataset

which is the principal source of data (Hollis et al., 2019). Temperature and

rainfall series from this dataset extend back to 1884 and 1862, respectively.

Details of the datasets used throughout this report and how the various series

which are presented are derived are provided in the appendices.

The report presents summary statistics for the most recent year 2020 against the

most recent decade 2011–2020, the most recent 30-year reference period (1981–
2010) and the climate reference period 1961–1990. The full series provide longer-

term context, while a comparison is also made to centennial averages for the Cen-

tral England Temperature series. The decade 2011–2020 is a non-standard refer-

ence period, but it provides a 10-year ‘snapshot’ of the most recent experience of

the UK's climate and how that compares to historical records. This means
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differences between 2011 and 2020 and 30-year reference periods may reflect

shorter-term decadal variations as well as long-term trends.

For this annual publication, the most recent decade (currently 2011–2020)
changes every year, while the most recent 30-year reference period (currently

1981–2010) changes every decade. For next year's report, the most recent 30-year

reference period will change from 1981–2010 to 1991–2020, while the climate ref-

erence period 1961–1990 will be retained. However, this report also includes a

brief summary of key differences between preliminary 1991–2020 and 1981–2010
averages for temperature and rainfall.

Throughout the report's text the terms “above normal” and “above average” and
so on refer to the 1981–2010 baseline reference period unless otherwise stated.

The majority of maps in this report show the year 2020 relative to the 1981–2010
reference period—that is, they are anomaly maps which show the spatial varia-

tion in this difference from average. Maps of actual values are in most cases not

displayed because these are dominated by the underlying climatology, which for

this report is of a lesser interest than the year-to-year variability. These data are

presented to show what has happened in recent years, not necessarily what is

expected to happen in a changing climate.

Values quoted in tables throughout this report are rounded, but where the dif-

ference between two such values is quoted in the text (e.g., comparing the most

recent decade with 1981–2010), this difference is calculated from the original

unrounded values.

Updates Compared to State of UK Climate 2019

• A chart showing global surface temperature has been added.

• The section on sea level rise has been revised.

• A section summarizing key differences between preliminary 1991–2010 and

1981–2010 averages has been added.

Feedback

We would welcome suggestions or recommendations for future annual publi-

cations of this report. Please send any feedback to the Met Office at ncic@

metoffice.gov.uk

This State of the UK Climate report was supported by the Met Office Hadley

Centre Climate Programme funded by BEIS and Defra.
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EXECUTIVE SUMMARY
• The UK's climate is changing. Recent decades have

been warmer, wetter and sunnier than the 20th century.
• Year 2020 was third warmest, fifth wettest and eight

sunniest on record for the UK. No other year has fallen
in the top-10 for all three variables for the UK.

• The UK has warmed at a broadly consistent but
slightly higher rate than the observed change in global
mean temperature.

Land temperature

• 2020 was the third warmest year for the UK in a series
from 1884, and also third warmest for Central England
in a series from 1659.

• 2020 included the fifth warmest winter (December
2019–February 2020), eighth warmest spring, sixth
warmest January, equal-fourth warmest April and
equal-sixth warmest November for the UK in series
from 1884.

• All the top 10 warmest years for the UK in the series
from 1884 have occurred since 2002.

• The most recent decade (2011–2020) has been on aver-
age 0.5�C warmer than the 1981–2010 average and
1.1�C warmer than 1961–1990.

• The Central England Temperature series provides evi-
dence that the 21st century so far has overall been
warmer than the previous three centuries.

Air and ground frost

• 2020 was the seventh consecutive year where the num-
ber of air and ground frosts was below the 1981–2010
average. The number of air and ground frosts were
both fourth lowest in the series from 1960/1961.

• The most recent decade (2011–2020) has had 16%
fewer days of air frost and 14% fewer days of ground
frost compared to the 1981–2010 average, and
25%/20% fewer compared to 1961–1990.

Energy demand and growing conditions indices

• Heating degree days in 2020 were fifth lowest, and
cooling and growing degree days equal-ninth/eighth
highest, respectively for the UK in series from 1960.

• The most recent decade (2011–2020) has had 6% fewer
heating degree days per year on average compared to
1981–2010 and 12% fewer compared to 1961–1990.

• The most recent decade (2011–2020) has had 7% more
growing degree days per year on average compared to
1981–2010 and 17% more compared to 1961–1990.

Near-coast sea-surface temperature

• 2020 was the eighth warmest year for UK near-coastal
sea-surface temperature (SST) in a series from 1870.

• The most recent decade (2011–2020) has been on aver-
age 0.3�C warmer than the 1981–2010 average and
0.7�C warmer than 1961–1990.

• Nine of the 10 warmest years for near-coast SST for the
UK have occurred since 2002.

Precipitation

• 2020 was the UK's fifth wettest year in a series from
1862, with 116% of the 1981–2010 average and 122% of
the 1961–1990 average rainfall.

• February 2020 was the UK's wettest February and
fourth wettest calendar month on record in a series
from 1862. It was the wettest February for England
and Wales in a series from 1766.

• 2020 also included the fifth wettest winter, the fifth
driest spring and, for England, the driest May on
record in a series from 1862.

• 3 October 2020 was one of the UK's wettest days on
record in a daily series from 1891, with storms Ciara
and Dennis on 8th/15th February and storm Bella on
26th December also in the UK's top 40 wettest days.

• Six of the 10 wettest years for the UK in a series from
1862 have occurred since 1998.

• Since 2009, the UK has had its wettest February, April,
June, November, December on record in monthly
series from 1862—that is, five of 12 months—as well
as the wettest winter on record.

• The most recent decade (2011–2020) has been on aver-
age 4% wetter than 1981–2010 and 9% wetter than
1961–1990 for the UK overall.

• For the most recent decade (2011–2020) UK summers
have been on average 15% wetter than 1981–2010 and
17% wetter than 1961–1990. UK winters have been
11%/19% wetter.

Snow

• Any snow during 2020 mainly affected upland and
northern areas, and there were no major widespread
snow events.

• 2020 was one of the least snowy years on record.
• Widespread and substantial snow events have occurred

in 2018, 2013, 2010 and 2009, but their number and
severity have generally declined since the 1960s.

Sunshine

• 2020 was the eighth sunniest year for the UK in a
series from 1919, with 109% of the 1981–2010 average
and 113% of 1961–1990 average sunshine hours.

KENDON ET AL. 3
2633  



• Spring 2020 was the UK's sunniest spring on record,
and also sunnier than most UK summers. It included
the sunniest April, and sunniest May, in series
from 1919.

• The most recent decade (2011–2020) has had for the
UK on average 4% more hours of bright sunshine than
the 1981–2010 average and 8% more than the 1961–
1990 average.

• For the most recent decade (2011–2020) UK winters
have been 5% sunnier than 1981–2010 and 13% sunnier
than 1961–1990. UK springs have been 11%/16%
sunnier.

Wind

• Ten named storms affected the UK in 2020.
• This was a fairly typical year for storminess compared

to recent decades.
• There are no compelling trends in storminess as deter-

mined by maximum gust speeds from the UK wind
network over the last five decades.

Sea-level rise

• Mean sea level around the UK has risen by approxi-
mately 1.5 mm�year−1 on average from the start of the
20th century, excluding the effect of vertical land
movement, resulting in an overall rise of 16.5 cm over
that period.

• For the 20th century the rate of sea level rise around the
UK is close to the estimate of the global sea level rise.

• The rate of sea level rise has increased recently,
exceeding 3 mm�year−1 for the period 1993–2019.

Significant weather

• Severe and widespread flooding in February 2020, at
least as severe as that of November 2019, was due to
storms Ciara and Dennis, arriving only 1 week apart.

• On 31st July, 37.8�C was recorded in Greater London
making this the UK's third warmest day on record.

• In early August, southern England experienced one of
the most significant heatwaves of the last 60 years with
a succession of days exceeding 34�C and ‘tropical’
nights exceeding 20�C.

• On 16 August 2020, a rain-gauge in Norfolk recorded a
daily total of 239.9 mm; the UK's highest daily total in
August on record at an individual station.

• 3 October 2020 and 15 February 2020 were two of the
three wettest days on record UK-wide in over
47,000 days from 1891. Remarkably, four of the
41 days in this series with a UK total exceeding 20 mm
occurred in 2020

• In terms of wind gusts, Storms Ellen and Francis were
two of the most notable August storms to affect the
UK in the last 50 years.

Preliminary 1991–2020 long term averages

• For the UK the period 1991–2020 has been on average
0.3�C warmer than 1981–2010 and 0.9�C warmer than
1961–1990, with warming across all months and
countries.

• For the UK the period 1991–2020 has been on average
6% wetter than 1961–1990 but only 1% wetter than
1981–2010. Rainfall has increased by 5% in both winter
and summer compared to 1981–2010 and 12%/7% com-
pared to 1961–1990.

Phenology

• First leaf dates in 2020 were particularly early
(on average 10.4 days earlier than the 1999–2019 base-
line) for a range of common shrub/tree species, associ-
ated with mild conditions through January and
February and some notable warmth and sunshine in
April.

• End of season bare tree dates in 2020 were also slightly
earlier (on average 4.3 days earlier than the 1999–2019
baseline) for the same species.

• Overall, the 2020 leaf-on season was extended by
6.2 days on average compared with the 1999–2019
baseline.

1 | SYNOPTIC SITUATION

Figure 1 shows seasonal mean sea-level pressure anoma-
lies for the four seasons of 2020 relative to the 1981–2010
average, using the ERA5 reanalysis (Hersbach
et al., 2020). This provides an indication of atmospheric
circulation patterns for each season overall. Note that
pressure anomalies are scaled equally across all four sea-
sons for consistency, however, winter months typically
tend to have larger pressure anomalies than summer
months

A deep low pressure anomaly extended across the
northern half of the UK during the winter, with a high
pressure anomaly across southern Europe. December
2019 and February 2020 were dominated by a mild west-
erly weather type, with low pressure predominant. The
weather was frequently wet and windy with a succession
of Atlantic low pressure systems and associated fronts—
including five named storms—and only very brief settled
interludes. In January, the low pressure anomaly was fur-
ther north and the pressure generally higher over the

4 KENDON ET AL.
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UK, and there was a week of more settled weather with
high pressure just after mid-month. Other than at the
start of December, the weather was often mild, occasion-
ally exceptionally so.

A high pressure anomaly was located across the UK
during the spring. The first half of March was unsettled,
but from mid-month high pressure slowly built across
the British Isles and any unsettled spells were otherwise
relatively brief, so the season was of opposite character to
the preceding winter. The high pressure anomaly was
centred across the north-east during April, with easterly
winds a regular feature, resulting in low minimum tem-
peratures but high maximum temperatures in plenty of
sunshine. The high pressure anomaly was firmly
established across the UK during May, bringing plenty of
fine, dry, settled weather, although northerly winds
brought a cold snap before mid-month. The highest ever
March reading of mean-sea-level pressure was recorded
in north-west Scotland on the 29th (Burt, 2021).

A shallow low pressure anomaly was located over the
UK during the summer. The season comprised a mixture
of weather types. All three summer months saw some
fine, settled weather, including spells of hot weather, but

it was often rather unsettled and changeable, particularly
in June and August, although southern areas were gener-
ally nearer the influence of high pressure across the near-
continent. An area of low pressure brought some very
wet weather to the north and west from 27th to 28th
June, and the second half of August was generally wet
and windy with depressions heading in from the west,
including named storms Ellen and Francis.

Mean sea level pressure was near normal over the UK
for autumn overall; slightly higher than normal during
September and November, but lower in October. There
was some fine, dry settled weather in the middle of
September but it was much colder and unsettled towards
the end of the month with low pressure to the east draw-
ing a cool north-easterly flow with some very wet and
windy weather across East Anglia. October began
and ended unsettled with turbulent weather from storms
Alex and Aiden, but a brief spell of easterly winds from
mid-month. November was fairly quiet but often rather
mild and unsettled. A deep low pressure anomaly domi-
nated the UK in December, and for much of the month
the weather was mild and very wet including storm Bella
on 26th December, after which conditions turned colder.

FIGURE 1 2020 seasonal mean sea-level pressure anomalies (hPa, relative to 1981–2010 average). Winter refers to the period December

2019–February 2020. Note that winter 2021 (December 2020–February 2021) will appear in State of the UK Climate 2021. Images provided

by the NOAA-ESRL Physical Sciences Division, Boulder, CO from their web site at http://www.esrl.noaa.gov/ using the ERA5 reanalysis

(Hersbach et al., 2020)

KENDON ET AL. 5
2635  

http://www.esrl.noaa.gov/


1.1 | NAO index

Figure 2 Shows the winter North Atlantic oscillation
(WNAO) index from 1850 to 2020 inclusive (Annex 1 pro-
vides details of the WNAO index). (Note here and
throughout the report winter refers to the year in which
January and February fall.) This index is a measure of
the large-scale surface pressure gradient in the North
Atlantic between the Azores and Iceland, which deter-
mines the strength of westerly winds across the Atlantic,
and is the principal mode of spatial variability of atmo-
spheric patterns in this region. When the pressure differ-
ence is large, the WNAO is positive and westerly winds
dominate with stronger and more frequent storms. When
the pressure difference is small, the WNAO is negative
with an increased tendency for blocked weather patterns,
reducing the influence of Atlantic weather systems

The WNAO index for 2020 was positive; the most posi-
tive WNAO since winter 1995 and sixth most positive in a
series from 1850. The winter overall was mild and wet—for
the UK it was fifth warmest in a series from 1884 and also
fifth wettest in a series from 1862. February in particular
was exceptionally wet (wettest for the UK in a series from
1862) and the NAO was very strongly positive—comparable
with the NAO for February 1990 (second wettest) and
February 1997 (fourth wettest). The NAO was also strongly
positive in January. Winter 2020 (WNAO +1.8) was fre-
quently dominated by mild, wet, westerly weather patterns
and, based on the combination of both mild and wet

characteristics, may be compared against other winters
such as the exceptionally wet winters of 2016 (+1.4) and
2014 (+1.2), and other mild, wet winters including 2007
(+0.9), 1995(+1.8), and 1990(+1.2). In contrast, a WNAO
negative winter would be dominated by cold, dry, blocked
weather patterns such as 2010 (WNAO −3.1). However,
inevitably over this 3-month duration many if not most
winters have a mixture of weather types and fall some-
where between these mild and wet versus cold and dry
extremes.

Overall, the WNAO index shows a large annual vari-
ability but also decadal variability with periods of mainly
positive phase (e.g., 1910–1920s and 1990s) and negative
phases (e.g., 1960s). Hanna et al. (2015) discusses changes
in the NAO index and notes an increase in variability of
WNAO since 1990. Since 2012 the WNAO has generally
been in a positive phase (Figure 2).

Figure 3 shows the summer North Atlantic Oscilla-
tion (SNAO) index from 1850 to 2020 inclusive (Annex
1 provides details of the SNAO index). Similar to the
WNAO index, this is a measure of large-scale climate var-
iability in the North Atlantic based on the surface pres-
sure gradient, but based on a more northerly location
and smaller spatial scale than the winter counterpart,
reflecting the more northerly location of the Atlantic
storm track in summer.

The 2020 SNAO index was slightly negative. The sum-
mer was slightly warmer and wetter than average,
although not exceptional. For the UK, a negative SNAO

FIGURE 2 Winter NAO index

based on standardized monthly mean

pressure difference between stations

in Gibraltar and south-west Iceland

(see Annex 1 for details). Winter 2020

refers to the period December 2019–
February 2020. Note that winter 2021

(December 2020–February 2021) will
appear in State of the UK

Climate 2021

FIGURE 3 Summer NAO index

based on standardized monthly mean

pressure difference using HadSLP2

dataset (see Annex 1 for details).

Summer 2020 refers to the period

June to August 2020
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index tends to be associated with cool, wet summers,
although with a fairly weak correlation. Recent summers
with a low SNAO index include 2007, 2008, 2009, 2011,
2012, 2015 and 2019 and these were all generally wetter
than average (especially 2007, 2008, 2009 and 2012) with
temperatures mostly near or below average (especially
2011, 2012 and 2015).

As with its winter counterpart, the SNAO shows
periods of mainly positive phase (e.g., 1970–1990s) and
negative phase (e.g., 1880s and 1890s), with Hanna
et al. (2015) noting a decrease in SNAO since the 1990s,
which includes the run of recent wet summers from 2007
to 2012. The summers of 2013 and 2018 were in marked
contrast to this recent sequence.

2 | TEMPERATURE

The UK mean temperature (Tmean) for 2020 was 9.6�C,
which is 0.8�C above the 1981–2010 long-term average,
making this the third warmest year in the UK series from
1884, marginally warmer than 2011, and with only 2014
and 2006 warmer. 2020 was also the third warmest year
in the Central England Temperature (CET) series from
1659. The annual mean temperature was around 0.5–
1.0�C above average across most of the UK, but more
than 1.0�C across south-east England and East Anglia,
whereas Northern Ireland was less than 0.5�C above nor-
mal (Figure 4, Table 1).

The UK annual mean daily maximum temperature
(daily maximum temperature is hereafter referred to as
Tmax) for 2020 was 13.4�C, which is 0.9�C above average.
Tmax anomalies were around 0.5–1.0�C across much of
the UK but over 1.0�C across most of southern England.
The UK annual mean daily minimum temperature (daily
minimum temperature is hereafter referred to as Tmin)
for 2020 was 5.9�C, which is 0.7�C above average. Tmin

anomalies were around 0.5–1.0�C across most of the
UK. Both Tmax and Tmin anomalies were generally lowest
across Northern Ireland (Figure 4, Table 1).

The UK seasonal Tmean for winter 2020 (December
2019–February 2020) was 5.3�C, which is 1.6�C above
the 1981–2010 average. This was the fifth warmest win-
ter for the UK in the series from 1884. Temperatures
were well above normal in all 3 months—December
2019 (anomaly +1.3�C), January (+2.0�C, the UK's sixth
warmest January), and February (+1.4�C) The winter
was generally mild throughout, with temperatures
mostly above normal, with an absence of frosts, and any
cold spells and snowfalls limited in severity. It was par-
ticularly mild across northern Scotland in late
December 2019, when a new UK December daily maxi-
mum temperature record was set (18.7�C at Achfary,

Sutherland), covered in State of UK Climate 2019
(Kendon et al., 2020).

The UK seasonal Tmean for spring was 8.7�C, which
is 0.9�C above the 1981–2010 average. This was the UK's
eighth warmest spring in a series from 1884. Temperature
anomalies were near normal in March (anomaly +0.1�C)
but above in April (+1.7�C) and May (+1.0�C). During a
spell of particularly fine, warm and sunny weather in
early April, Treknow (Cornwall) recorded 26.0�C on the
10th—around 15�C above average for the time of year—
and it was the UK's equal-fourth warmest April in a
series from 1884. There was a notable cold snap in mid-
May with daily maximum temperatures of only 6–7�C
across much of Scotland and north-east England on the
10th, followed by some unusually sharp and widespread
frosts; −0.7�C at Sheffield on the 14th was the equal-
lowest May temperature on record for the city in a
137-year record. In contrast, there was some fine, warm,
settled weather in the second half of the month with tem-
peratures reaching 26–27�C across central and eastern
England on the 20th—in places an increase of almost
20�C in daily maximum temperature in just 10 days.

The UK seasonal Tmean for summer was 14.8�C,
0.4�C above average. June and August were both warmer
than average (each with anomaly +1.0�C) but July cool
(−0.8�C). In contrast to the generally fine spring, the
three summer months were mostly unsettled. Each
month did see some hot weather: a brief spell in late June
(33.4�C at Heathrow on the 25th and 30�C was reached
as far north as Carlisle and Ayrshire); a single hot day at
the end of an otherwise cool July (37.8�C on the 31st—
the UK's third hottest day on record)—and a more
sustained heatwave across southern England in early
August in which daily maximum temperatures reached
34�C on six consecutive days with five “tropical nights”
when temperatures did not drop below 20�C. This was
one of the most significant heatwaves to affect southern
England in the last six decades (for more details see Sec-
tion 8). East Anglia had its second warmest August in a
series from 1884. However, temperatures were otherwise
often rather below average, particularly during July.

The UK seasonal Tmean for autumn was 10.0�C,
0.5�C above normal. Temperatures were near average in
September (+0.2�C) and October (−0.1�C) but above
in November (+1.5�C). September saw both notably
warm and cold spells with temperatures reaching 30�C in
the south-east on the 15th, but a cold snap with some
frosts late in the month. There were no extremes of tem-
perature in October and very little frost, while much of
November was mild, again with few frosts. It was the
UK's equal sixth-warmest November in a series from
1884. December, which is included in Figure 6 but not
Figure 5, was also mostly a mild month (anomaly
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+0.5�C) but with a colder spell from Christmas to New
Year. In summary, for year 2020 overall, temperatures
were above average in January, February, April to June,

August and November, near average in March,
September, October and December, and below average in
July (Figure 6, Table 1).

FIGURE 4 2020 annual average temperature anomalies (�C) relative to 1981–2010 average for mean, maximum and minimum

temperature. The gridding process aims to strike a balance between a spatially smoothed field and the local characteristics of individual

stations. Bulls-eye features present in the Tmin map are likely to be due to localized micro-climate features, such as frost hollow effects, at

individual weather stations, which the gridding process is unable to fully represent
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Figure 7 shows time series of annual Tmean anoma-
lies for the UK and countries from 1884 to 2020 inclusive,
and Figure 8 the seasonal UK Tmean anomaly series.
There has been an increase in temperature from the

1970s to the 2000s with the most recent decade (2011–
2020) being on average 1.1�C warmer than the 1961–1990
average and 0.5�C above 1981–2010. All the top 10 warm-
est years in the UK Tmean series (including 2020) have

FIGURE 5 2020 seasonal average temperature anomalies (�C relative to 1981–2010 average). Winter refers to the period December

2019–February 2020. Note that winter 2021 (December 2020–February 2021) will appear in State of the UK Climate 2021

KENDON ET AL. 9
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occurred since 2002 (Figure 7). While all top 10 warmest
years have occurred this century, none of the top 10 col-
dest years have occurred this century. The coldest year
this century (2010) is ranked 22nd coldest in the UK
series; every other year this century falls in the top third
warmest years in the series.

All four seasons have seen 2011–2020 warmer than
1961–1990, with the largest changes for winter and spring
at 1.1 and 1.2�C, and summer and autumn at 0.9�C above
the 1961–1990 average (Figure 8). As with the annual
series, the seasonal series show large inter-annual vari-
ability and some decadal variability, with a marked

FIGURE 6 2020 monthly average temperature anomalies (�C) relative to 1981–2010 average
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FIGURE 8 Seasonal Tmean (�C) for the UK,
1884–2020 (note winter from 1885 to 2020; year is

that in which January and February fall. Winter

2021—which includes December 2020—will appear

in next year's publication). The hatched black line is

the 1981–2010 long-term average. The lower

hatched green line is the 1961–1990 long-term

average. Light grey grid-lines represent anomalies

of ±1�C. The table provides average seasonal Tmean

values (�C)

FIGURE 7 Annual Tmean (�C) for the UK and

countries, 1884–2020, expressed as anomalies

relative to the 1981–2010 average. The hatched black

line is the 1981–2010 long-term average. The lower

hatched green line is the 1961–1990 long-term

average. Light grey grid-lines represent anomalies of

±1�C. The table provides average annual Tmean

values (�C). Smoothed trend lines used here and

throughout the report are described in Annex 2
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FIGURE 9 Annual Tmax, Tmean and Tmin

(�C) for the UK, and Tmax minus Tmin, 1884–
2020, expressed as anomalies relative to the

1981–2010 average. The hatched black line is the

1981–2010 long-term average. The lower

hatched green line is the 1961–1990 long-term

average. Light grey grid-lines represent

anomalies of ±1�C. The table provides average
absolute values (�C)

FIGURE 10 Annual Tmean (�C) for CET series, 1659–2020, and England temperature series, 1884–2020, expressed as anomalies relative

to the 1981–2010 average. The table provides average annual Tmean values (�C)
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increase in temperature across all four seasons from the
1970s to the 2000s. Warming has been slightly greater for
Tmax than Tmin in recent decades (Figure 9) resulting in a
small increase in the average diurnal temperature range
(DTR, Tmax minus Tmin) but to levels similar to those
observed prior to the mid-20th century.

The uncertainty in these statistics is principally a
function of the number and distribution of stations in the
observing network which varies through time. For
monthly, seasonal and annual averages the standard
error is less than 0.1�C and consequently the uncertainty
is much smaller than the year-to-year variability. For

simplicity of presentation all the temperature data are
presented in the tables to the nearest 0.1�C. More infor-
mation relating to the uncertainties and how they are
estimated is provided in Annex 2.

Figure 10 shows annual Tmean for England from
1884 to 2020 and CET series from 1659. The series are
highly correlated for the period of overlap (R2 value .98)
and have a root-mean-square difference of 0.1�C which
is comparable to the estimated series uncertainty as
described in Annex 2. The CET series could effectively
be considered a proxy for an England series from 1659,
although because these are different datasets produced

FIGURE 11 Seasonal CET

series (�C), 1659–2020, expressed as

anomalies relative to 1981–2010
average. The figure shows a

smoothed trend for each series using

a weighted kernel filter described in

Annex 2

TABLE 2 Centennial averages for

CET series (�C) 1659–2020 (winter from

1660 to 2020)

Season 1659–1700 1701–1800 1801–1900 1901–2000 2001–2020

Year 8.7 9.2 9.1 9.5 10.3

Winter 3.0 3.5 3.7 4.2 4.9

Spring 7.5 8.1 8.1 8.4 9.2

Summer 14.9 15.5 15.2 15.4 16.0

Autumn 9.1 9.6 9.5 10.1 11.0

FIGURE 12 Annual Tmean (�C)
for the UK, 1884–2020, plotted
alongside global annual Tmean (�C)
based on HadCRUT5 dataset. Both

series are expressed as anomalies

relative to the 1961–1990 average
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in different ways, some differences are inevitable. The
CET series provides evidence that the 21st century so far
has overall been warmer than any period of equivalent
length in the previous three centuries, and that all sea-
sons are also warmer (Figures 10 and 11). When com-
paring the early 21st century (2001–2020) to previous
centennial averages, the difference is typically 0.5–1.0�C
compared to 1901–2000 and 0.5–1.5�C compared to
1801–1900 and 1701–1800, with some seasonal varia-
tions (Table 2).

Figure 12 plots annual Tmean for the UK from 1884
to 2020 alongside global mean surface temperature based
on the ‘best estimate’ time-series from the HadCRUT5
dataset (Morice et al., 2021). Both series are plotted as
anomalies relative to the 1961–1990 average. The most
recent decade 2011–2020 for the UK has been 1.1�C
warmer than the 1961–1990 average, compared to 0.8�C
for global surface temperature. Overall the warming
trend for the UK is broadly consistent with, but slightly
greater than, that observed globally, although since the
UK covers only approximately 1/2,000 of the Earth's sur-
face, and comprises land surface, rather than a combina-
tion of land and sea, the annual variability in UK Tmean
is very much larger.

2.1 | Days of air and ground frost

The UK sees a very large spatial variation in the average
number of days or air and ground frost. The 1981–2010
annual average days of air frost ranges from more than
100 days across much of the high ground of Scotland to
less than 10 days across parts of west Cornwall.

The average number of days of air frost for the UK for
2020 was 38 days, 20 days below average and the fourth
lowest in a series from 1960. This was the seventh consec-
utive year with fewer air frosts than average. The number
of days of ground frost for 2020 was 88 days, 22 days
below the 1981–2010 average and also fourth lowest in a
series from 1961. Some locations recorded at least
40 fewer days of ground frost for the year overall com-
pared to normal but with considerable spatial variation
across the UK (Figure 13). The number of air and ground
frosts was well below average in January and February—
and to a lesser extent in April and October to December,
but near or slightly above average in March, May and
September. Note that air frosts are derived from daily
minimum temperature grids which extend back to 1960
and ground frosts are derived from monthly ground frost
grids which extend back to 1961, so both of these series

FIGURE 13 Days of air frost and days of ground frost anomaly for year 2020 relative to 1981–2010. See Annex 1 for definitions. Bulls-

eye features in these and the Tmin maps are likely to be due to localized factors such as frost hollow effects at individual weather stations

(present in either the actual or long-term average grids) which the gridding process is unable to fully represent, particularly for ground

frost
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are less than half the length of the UK and regional
monthly, seasonal and annual temperature series which
are derived from monthly temperature grids from 1884.

The annual numbers of days of air and ground frost
for the UK overall for 2020 were well below average for
the most recent decade, with the series showing a reduc-
tion through the 1980s and 1990s. The most recent decade,
2011–2020, has recorded 25%/20% fewer annual days of air
frost and ground frost per year than the average for 1961–
1990, and 16%/14% fewer, respectively than 1981–2010
(Figure 14). The most recent years with above average
days of air and ground frosts were 2013 and 2010. Annex
1 explains how these areal-series are calculated.

2.2 | Degree days

A degree day is an integration of temperature over time
and is commonly used to relate temperature to particular
impacts. It is typically estimated as the sum of degrees
above or below a defined threshold each day over a fixed
period of time. The standard degree days monitored by
the Met Office are heating, cooling and growing degree
days which relate to the requirement for heating or
cooling of buildings to maintain comfortable tempera-
tures, or the conditions suitable for plant growth, respec-
tively. These indices are useful metrics, but as they are
derived from temperature only, users should be aware
that other relevant factors such as solar gain, day length,
wind and rain will also influence the actual responses of,
for example, plant growth. The thresholds used for

heating degree days (HDDs), cooling degree days (CDDs)
and growing degree days (GDD) are 15.5, 22 and 5.5�C,
respectively and the formulae used described in Annex
1. Note that degree days are derived from daily tempera-
ture grids which extend back to 1960, so the degree day
series are less than half the length of the UK and regional
monthly, seasonal and annual temperature series which
are derived from monthly temperature grids from 1884.

HDD for 2020 were less than 90% of average across
much of England but nearer average across northern
England, Wales, Scotland and Northern Ireland
(Figure 15). Averaged across the UK, HDD for 2020 were
91% of the 1981–2010 average and fifth lowest in a series
from 1960. The lowest 10 HDD years for the UK in this
series from 1960 have all occurred since 1999 (Figure 16).
For the UK, the most recent decade 2011–2020 has had
an annual average HDD 12% lower than 1961–1990 and
6% lower than 1981–2010. Nevertheless, recent years such
as 2010 and 2013 demonstrate it is still possible for UK
climate to experience well above average HDD values.
Note that HDD relate to heating requirements of build-
ings so will be greatest in the winter months, but since
HDD presented here are for the calendar year these are
split across two winters.

The UK experienced a brief spell of hot weather in
late June, a single very hot day at the end of July and a
longer hot spell in early August 2020: temperatures
exceeded 28�C fairly widely on 24–26th June, 31st July
and 7–12th August—mainly across England. CDD for
2020 (22) were well above the 1981–2010 average (13),
and equal-ninth highest in a series from 1960—although

FIGURE 14 Annual number of

days of air frost and ground frost for

the UK, 1961–2020. The hatched
black line is the 1981–2010 long-term
average. The hatched green line is

the 1961–1990 long-term average.

The table provides average annual

values (days)
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FIGURE 15 Heating degree days for 2020 (left) actual and (right) % of 1981–2010 average

FIGURE 16 Heating degree days for

the UK and countries, 1960–2020, expressed
as anomalies relative to the 1981–2010
average. The hatched black line is the 1981–
2010 long-term average. The hatched green

line is the 1961–1990 long-term average.

Light grey grid-lines represent anomalies of

±100 HDD. The table provides average

annual values (HDD)
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FIGURE 18 Cooling degree days for

the UK and countries, 1960–2020, expressed
as anomalies relative to the 1981–2010
average. The hatched black line is the 1981–
2010 long-term average. The hatched green

line is the 1961–1990 long-term average.

Light grey grid-lines represent anomalies of

±10 CDD. The table provides average

annual values (CDD)

FIGURE 17 Cooling degree days for 2020, (left) actual and (right) anomaly. The anomaly is presented as a difference from, rather than

percentage of, average. This is because CDD are close to zero over much of Highland Scotland

18 KENDON ET AL.
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FIGURE 19 Growing degree days for 2020 (left) actual and (right) % of 1981–2010 average

FIGURE 20 Growing degree days for

the UK and countries, 1960–2020, expressed
as anomalies relative to the 1981–2010
average. The hatched black line is the 1981–
2010 long-term average. The hatched green

line is the 1961–1990 long-term average.

Light grey grid-lines represent anomalies of

±100 GDD. The table provides average

annual values (GDD)
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not as high as 2018 (32). As is typically the case, the
spells of hot weather during 2020 were mainly located
across central and south-east England, with 40–60 CDD
fairly widely and more than 80 CDD across Greater
London, here almost twice the long-term average
(Figure 17).

Across England and Wales the significant peaks in
CDD coincide with significant heat-waves (including
1976, 1995, 2003, 2006 and 2018). Although these time-
series are dominated by annual variability, there is an
underlying rising trend. For England, the most recent
decade 2011–2020 CDD value of 25 compares to 21 for
1981–2010 and 14 for 1961–1990. The cooler climate of
Scotland and Northern Ireland means that CDD are
much lower, each with long-term averages of less than
5 CDD (Figure 18).

GDD for 2020 were between 105 and 110% of aver-
age across much of the UK, but more than 110% across
southern England (Figure 19). UK GDD overall were
109% of the 1981–2010 average and eighth highest in a
series from 1960. The highest 10 GDD years for the UK
in this series from 1960 have all occurred since 1995.
The most recent decade has had an annual GDD 17%
higher than 1961–1990 and 7% higher than 1981–2010,
and the similar (downwards) trend in HDD and
(upwards) trend in GDD from 1960 to date each reflect
the underlying warming of the UK's climate
(Figure 20), coupled with fewer frosts resulting in an
extended growing season. 1993 was the last year with
GDD below the 1961–1990 average for the UK overall.
Phenology data for first leaf and bare tree dates of four
common shrub or tree species are presented in
Section 10.

2.3 | Coastal waters

The annual mean sea-surface temperature (SST) for
2020 for near-coast waters around the UK was 11.9�C,
0.5�C above the 1981–2010 long-term average. This
was the eighth-warmest year for UK near-coast SST in
a series from 1870 (Figure 21). For UK near-coast SST,
the most recent decade, 2011–2020, is 0.7�C warmer
than the 1961–1990 average and 0.3�C above 1981–
2010. Nine of the ten warmest years in the series have
occurred since 2002, and all ten since 1989. Every year
this century has fallen within the warmest third of the
series.

Over the past 30 years, warming has been most
pronounced in the north of Scotland and the North
Sea, with SSTs increasing by up to 0.24�C per
decade. However, shorter-term variations are sup-
erimposed on the longer-term trend, for example, a
period of cooler SSTs from 2010 to 2013. Recent
years have seen warmer conditions return (Tinker
and Howes, 2020).

Near-coast SST data are highly correlated with the
land observations (R2 value .82, see Annex 2) with a
root mean square difference of less than 0.3�C. Some
differences between historical trends in these series are
apparent, notably the 1960s and 1970s and the period
pre-1900. However, these differences are also apparent
in the CET series, also shown in Figure 21, which
closely follows the UK series. Uncertainties in the SST
dataset will generally be larger at smaller scales (such
as UK near-coast) and can include uncertainty in the
bias adjustments applied to minimize the effect of
instrumentation changes.

FIGURE 21 UK annual mean

temperature over land 1884–2020,
Central England temperature trend

and UK annual mean sea surface

temperature across near-coastal

waters around the UK 1870–2020
(�C), expressed as anomalies relative

to the 1981–2010 long-term average.

Hatched blue and red lines are the

UK land and SST trends. The table

provides average annual values (�C)
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3 | PRECIPITATION

The UK rainfall total for 2020 was 1,336 mm, 116% of the
1981–2010 average. This was the fifth wettest year for UK
in a series from 1862, and the wettest year since 2000. It
was also ranked 18th wettest in the England and Wales pre-
cipitation series from 1766. Most of the UK received above
average rainfall, especially in the west, but rainfall totals
were below average across parts of eastern and north-east
England and the far north-east of Scotland. It was a particu-
larly wet year across parts of north-west England and
south-west Scotland which received more than 125% of
average fairly widely, and some locations recorded more
than 135% of average (Figure 22). The wettest location was
Ennerdale, Black Sail in the Lake District with 5,281 mm,
148% of average—while the driest locations in Essex, Kent
and Lincolnshire recorded around 500 mm.

Figures 23 and 24 and Table 3 show seasonal and
monthly rainfall anomalies across the UK for 2020. As is
always the case, there were very large variations in
monthly and seasonal rainfall patterns over the course of
the year.

The UK rainfall total for winter was 474 mm, 144% of
the 1981–2010 long-term average, and this was the UK's
fifth wettest winter in a series from 1863. Totals
exceeded 150% quite widely across the UK, with only
parts of Northumberland and the far north-east of Scot-
land drier than average. December 2019 rainfall totals
were near or slightly above average across much of the
UK. January 2020 was near average for the UK overall
but with less than 50% across parts of Northern Ireland
and north-east Scotland. February was an exceptionally
wet month with between two and three times the normal
rainfall amount across almost the entire UK—and more
than 300% across Cumbria, West and North Yorkshire,
Lancashire, Nottinghamshire, Greater Manchester and
Shropshire. The UK recorded 214 mm, 242% of the
1981–2010 long-term average making this the UK's wet-
test February on record in a series from 1862 and,
despite only 29 days in the month, the fourth wettest cal-
endar month on record. It was also the wettest February
in the England and Wales series from 1766. Several rain-
gauges in the English Lake District recorded more than
900 mm of rainfall – on average over 30 mm per day
through the month, including a monthly rain-gauge at
Styhead with 1,138 mm. Parts of West Yorkshire
recorded more than four times the month average;
monthly rainfall anomalies as high as this in the UK
being exceptionally unusual (Davies et al., 2021).

The very wet and unsettled weather continued to
mid-March, but, in contrast, after this the weather turned
abruptly very much drier and more settled. The UK
recorded, on average, 395 mm in the 75-days from
1 January to 15 March 2020—followed by only 82 mm in
the 76-days from 16th March to 31st May—a remarkable
near-five-fold reduction. March overall was generally
drier than average—particularly in the east—although
not exceptionally so. April was very dry (ranked 11th dri-
est for the UK), especially so across north-east England
and eastern Scotland, with less than 5 mm falling quite
widely—and 10% of normal or less across East Lothian,
Northumberland and County Durham. May was also
very dry with less than 20% of average falling across the
southern half of the UK; for England this was the driest
May in a series from 1862, and it was the second-driest
May in the England and Wales Precipitation series
(EWP) from 1766. Less than 5 mm fell widely across
southern England and a few locations recorded below
1 mm for the whole month (for more details, see Sec-
tion 8). The UK rainfall total for spring was 142 mm, 60%
of average and this was the UK's fifth driest spring in a
series from 1862.

Each month of summer was mostly wetter than aver-
age, and the UK rainfall total for summer was 326 mm,
135% of the 1981–2010 average—wet, although notFIGURE 22 Rainfall anomalies (%) for year 2020
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exceptional, and broadly comparable with summer 2019.
The wettest areas relative to average were across north-
west England, south-west Scotland and Northern Ireland
which widely received 150% of average or more. June
rainfall totals were variable but some locations were very

wet (Cornwall, for example). July was also rather wet
across the north-west and August wetter again more
widely—although dry across the far north-west of Scot-
land. For Northern Ireland this was the seventh wettest
summer in a series from 1862.

FIGURE 23 Rainfall anomalies (%) for seasons of 2020. Winter refers to the period December 2019 to February 2020. Note that winter

2021 (December 2020 to February 2021) will appear in State of the UK Climate 2021
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From August to December monthly rainfall anoma-
lies alternated wet then dry: August (137%), September
(81%), October (144%), November (87%) and December
(142%). As a result, UK autumn rainfall overall was
unremarkable—365 mm, 106% of the 1981–2010
average—with below average rainfall across most of the
UK during September and November offset by a wet
October. Parts of north-east Scotland, and central

southern England received more than twice the average
monthly rainfall and for the UK this was the fifth wettest
October on record, while at Oxford it was the wettest cal-
endar month since October 1875. December was also a
wet month across East Anglia and north-east Scotland. In
summary, year 2020 comprised a very wet winter
followed by a very dry spring, a rather wet summer and a
variable autumn.

FIGURE 24 Rainfall anomalies (%) for months of 2020
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As with every year in the UK, numerous widespread
flood events of varying severity occurred during 2020; at
a national scale, by far the most significant flooding of
the year occurred in February (see Figure 67 for UK area-
average daily rainfall through 2020).

There was some very wet weather across western
Scotland on 10th January, while Storm Brendan on 13–
14th January also brought some very wet weather more
widely across the UK, with widespread but mostly rela-
tively minor transport disruption due to flooding.

The persistent and very wet weather during February
caused significant, severe and widespread flooding prob-
lems. 8th February was an exceptionally wet day across
North Wales, north-west England, south-west Scotland
and Northern Ireland, due to storm Ciara, with totals
widely exceeding 50 mm, over 100 mm across parts of
Snowdonia and 150 mm in parts of the Lake District.
There was significant flooding in North Wales at
Llanrwst in the Conwy valley. However, the worst
affected areas were across the Pennines, where flooding
affected several 100 homes. In West Yorkshire, properties
were flooded in the Calder valley including Mytholmroyd
and Hebden Bridge, which was previously severely
flooded in December 2015. Flooding affected the York-
shire Dales and Cumbria, with Appleby badly affected
from the River Eden.

Ciara was followed only a week later on 15–16th
February by storm Dennis, one of the deepest Atlantic
depressions on record. Dennis brought a further 50–
100 mm or more of rain to western upland parts of the
UK, falling on already saturated ground. The Met Office
issued a red warning for rain across parts of south Wales
and there was more major and widespread flooding.
South Wales, Herefordshire, Worcestershire and Shrop-
shire were worst affected by flooding and major incidents
declared. The River Wye and River Severn were reported
to have reached their highest-ever levels (Sefton
et al., 2021). Areas of several towns including Hereford
and Pontypridd were inundated. Tragically a woman was
swept away by floodwater in Worcestershire and over
1,400 homes and businesses were flooded across several
counties. The flooding also caused major travel disrup-
tion with roads blocked, damaged railway lines and hun-
dreds of flights cancelled. Large areas of farmland were
also underwater. For more details of storms Ciara and
Dennis see Section 8. Ongoing problems from flooding
persisted into early March, with further rain falling on
already saturated ground, including storm Jorge on 28th
February to 1st March, and local flooding in parts of
Wales, north-west England and Northern Ireland.

In complete contrast, there were a few wild fires in
late April as a result of the dry weather, and further grass
and heathland fires in May. In Scotland there was a large

fire along the Errol River in Tayside in the first week of
May, and on 31st May, a large grass and gorse fire at Bel-
fast docks brought smoke and reduced visibility across
the city and airport.

The often unsettled conditions through the summer
led to various flood impacts. A period of thunderstorms
and torrential downpours in mid-June led to some
flash-flooding affecting many parts of England and
Wales, causing blocked roads and transport disruption,
and on 17th June, around 100 properties in Pentre,
Rhonda Valley were flooded during a torrential thun-
derstorm. There were also scattered reports of lightning
damage. There was a further very wet spell from 27 to
28th June across the north-west; on the 28th, Honister
Pass, Cumbria recorded 212.8 mm, while on 4th
August, a landslip closed the A83 at Rest and Be Thank-
ful in Argyll. On 11–12th August, torrential downpours
caused widespread flash-flooding and disruption to the
road and rail networks across eastern Scotland, with
Falkirk, Fife, Perth, Edinburgh and the Aberdeenshire
area all affected. Several rain-gauges recorded 50–
100 mm of rain, which would have fallen in only a few
hours, contributing to a landslip that caused a train
derailment on 12 August near Stonehaven, tragically
leading to three fatalities. The thunderstorms were
associated with hot, humid air further south with tem-
peratures across parts of southern England reaching
34–35�C. A few days later on 16 August, there were
thunderstorms and some very intense downpours
across East Anglia causing some localized flash-
flooding with a rain-gauge at East Wretham, Norfolk
recording a daily total of 239.9 mm. Storms Ellen and
Francis on 20–21 and 25 August also caused various
flooding problems (for more detail of both of these
events see Section 8).

There were various flood impacts through the
remainder of the year. 3 October—the day after storm
Alex—was exceptionally wet across the UK, and in terms
of average rainfall this was one of the UK's wettest days
on record (for more details, see Section 8). However,
flood impacts were generally fairly limited, both due to
below average rain in September and a lack of intense
convective bands (Kendon and McCarthy, 2021). In con-
trast, Alex itself caused severe flooding to parts of south-
east France and north-west Italy, with dozens of houses
destroyed, roads washed away, and several fatalities
reported. As much as 500 mm of rain fell in the worst
affected parts of the Alpes-Maritimes department, equiva-
lent to 3 months rainfall. There was some further
flooding in late October from storm Aiden, and ongoing
widespread flood impacts through December. Flooding
affected Suffolk on the 4th, Wales and the south-west
around mid-month and the Midlands just before
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Christmas, with the M1 closed and widespread flooding
in Gloucestershire. Storm Bella exacerbated conditions
on 26–27th December, and a number of properties
flooded in Oxfordshire, Gloucestershire, Northampton-
shire and Bedfordshire. Fortunately, after this a period of
dry weather extended into early January 2021 offering
some respite.

The precipitation data show large annual variability,
with a slight increase from the 1970s onwards
(Figure 25). The most recent decade (2011–2020) has
been on average 9% wetter than 1961–1990 and 4% wetter
than 1981–2010; this increase is most pronounced for
Scotland and Northern Ireland, being 11%/9% wetter
than 1961–1990. The wettest year for the UK overall is
1872 (128% of average) and the driest 1887 (71%). Six of
the ten wettest years in the UK series from 1862 have
occurred since 1998 (2000, 2020, 2012, 1998, 2008
and 2014).

Figure 26 shows seasonal rainfall series for the UK
from 1862 to 2020 (for winter 1863–2020). Similar to the

annual series, the seasonal series are dominated by large
annual variability with some decadal variability about a
relatively stable long-term mean. Nevertheless, there has
been a marked increase in winter rainfall in the most
recent decade with 2014, 2016 and 2020 all in the top-five
wettest. There has also been an increase in summer rain-
fall with below average rainfall in only two of the last
10 summers (2013 and 2018). For the most recent decade
(2011–2020) UK winters have been on average 11% wet-
ter than 1981–2010 and 19% wetter than 1961–1990, and
UK summers 15%/17% wetter. In contrast, spring rainfall
has decreased but with little change in autumn rainfall

There has been a notably high number of UK records
set for wet months and seasons in recent decades. Since
2000, eight seasons have been in the top-ten wettest in
UK seasonal series (winter 2014, 2016, 2020 and 2007,
spring 2006, summer 2012 and 2007, and autumn 2000)
while three have been in the top-10 driest (winter 2006,
spring 2020 and autumn 2007). Since 2009, the UK has
recorded its wettest February (2020), April (2012), June

FIGURE 25 Annual rainfall,

1862–2020, expressed as a percentage

of 1981–2010 average. The hatched

black line is the 1981–2010 long-term

average. The lower hatched green

line is the 1961–1990 long-term
average. Light grey grid-lines

represent anomalies of ±10%. The
table provides average annual rainfall

values (mm)
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(2012), November (2009) and December (2015)—five out
of 12 months—in monthly series from 1862; and the wet-
test and second-wettest winters (2014 and 2016), and the
driest September (2014).

The annual rainfall total for 2020 in the long running
England and Wales Precipitation (EWP) series was
1,097 mm (Figure 27), which is 116% of the 1981–2010
average and ranked 18th wettest in the series from 1766
(recent wetter years including 2014, 2012, 2002 and
2000), and marginally wetter than 2019 (ranked 19th wet-
test). Figure 27 shows there are some notable decadal
fluctuations in the series such as a wet period through
the 1870s, and the “Long Drought” from 1890 to 1910
(Marsh et al., 2007) highlighting the value of rainfall
series before the 20th Century for understanding the full
historical context of UK rainfall. The most recent decade
is a relatively wet decade in this series, being 6% wetter
than 1981–2010 and 10% wetter than 1961–1990. The
England and Wales areal rainfall series based on 1 km
resolution gridded data is highly correlated to EWP for
the period of overlap, with an R2 value of .98 and root

mean square difference of 1.6%. Minor differences
between the series are inevitable due to the more limited
sampling of stations used for the EWP series and the
gridding method used for the England and Wales areal
series.

Figure 28 shows trends in seasonal EWP rainfall
amounts from 1766 to date. While there is little change in
the long-term mean for the annual EWP series, this is
certainly not the case for the seasonal series. EWP shows
a marked increase in winter rainfall (winter 2014 is the
wettest winter in this series and 2016 ranked eighth wet-
test). Before 1900, EWP winter rainfall was substantially
lower than autumn rainfall, but the increase in winter
rainfall has meant that during the 20th century autumn
and winter rainfall were roughly equal on average. How-
ever, there are potential issues with the estimation of
early winter rainfall in the series relating to the treatment
of snow before systematic meteorological observing net-
works were established which could be associated with
an underestimation of early winter rainfall (Murphy
et al., 2020). The lower number of rain-gauges earlier in

FIGURE 26 Seasonal rainfall

for the UK, 1862–2020 (note winter

from 1863 to 2020; year is that in

which January and February fall.

Winter 2021—which includes

December 2020—will appear in State

of the UK Climate 2021). The

hatched black line is the 1981–2010
long-term average. The lower

hatched green line is the 1961–1990
long-term average. Light grey grid-

lines represent anomalies of ±20%.
The table provides average seasonal

rainfall values (mm)
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the series used to construct EWP and how well they rep-
resent the wetter upland parts of western Britain (where
winter rainfall is likely to be higher) could also be a
factor.

The increasing winter rainfall has been offset by a
slightly smaller reduction in summer rainfall, although
a run of recent wet summers from 2007 demonstrates
that these trends are very sensitive to the choice of start
and end dates, and summer rainfall trends in the 18th

and early 19th Century are also subject to some uncer-
tainty and possibly over estimated (Murphy et al., 2020).
Spring/autumn rainfall have each remained fairly steady
with only a slight increase/decrease, respectively.

The rainfall statistics throughout are presented to the
nearest whole mm, but the uncertainties of the areal sta-
tistics relating to changes in the observing network
change over time. The standard error can approach 1–4%
depending on region in early decades, but less than 1– 2%

FIGURE 28 Seasonal rainfall

trends for EWP series in mm, 1766–
2020 (note winter from 1767). The

figure shows a smoothing trend for

each series using a weighted filter

(see Annex 2)

FIGURE 27 Annual rainfall for EWP series, 1766–2020, and England and Wales areal series, 1862–2020 (mm). The table provides

average annual rainfall values (mm)
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for the comprehensive network of rain gauges in the
years since 1960. The uncertainties are therefore much
smaller than the year to year variability and more detail
on this can be found in Annex 2. However, it is non-
trivial to determine the robustness or significance of
observed trends in rainfall as they are quite sensitive to
region, season and choice of start and end dates.

3.1 | Days of rain and rainfall intensity

The number of days of rain greater than or equal to 1 mm
(RR1) for the UK during 2020 was 170 days, 14 days more
than the 1981–2010 long term average. There were 20–
30 days more than average, or more, across some western
areas, notably south-west England and western Scotland,

FIGURE 29 Days of rain ≥1 mm (RR1) and 10 mm (RR10) for 2020, difference from 1981 to 2010 average

FIGURE 30 Annual average

number of days of rain ≥1 and
10 mm for the UK, 1961–2020. The
hatched black line is the 1981–2010
long-term average. The hatched

green line is the 1961–1990 long-term
average. The table provides average

annual values (days)
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whereas the number of days was near average in the east
and below average in a few locations, such as Aberdeen-
shire (Figure 29). In general, the monthly variation was
comparable to the rainfall anomaly pattern (Figure 24),
with more days of rain than average in February, October
and December and, with some regional variation, during
the summer months, but fewer days of rain in spring. The
number of days of rain greater than or equal to 10 mm
(RR10) was near average across most of the UK but above
average in western Scotland, north-west England, Wales
and Northern Ireland. Anomalies were especially high in
February and some locations in western Scotland recorded
more than 20 days with 10 mm or more (Figure 29).

Figure 30 shows the annual area-average RR1 and
RR10 for the UK for 1961–2020. Overall, 2020 was well
above the 1981–2010 average for RR1 and third highest for
RR10. For both RR1 and RR10 the year with the most days
was 2000, and this year was also the third-wettest in the
UK series from 1862, with only 1872 and 1903 wetter. The
RR1 series shows a slight increase in the last two decades,
and the RR10 series an increase of around 10% from
31 days for 1961–1990 to 34 days for the period 1981–2010.
This suggests an increase in the number of days of wide-
spread heavy rain across the UK in the last few decades,
although caution is needed because both time-series are
relatively short and with large annual variability.

Figure 31 shows an estimate of the areal-average rain-
fall intensity (see Annex 1 for definition) across the UK
for each year from 1961 to 2020. The figure is indicative
of trends in rainfall intensity across the UK on wet days
although, as with RR1 and RR10, it neither provides a
seasonal break-down, nor distinguishes between upland
and lowland areas, overall, 2020 was the highest in the
series for this metric, consistent with RR10 being above
average. The 3 years with highest rainfall intensity in
the series (2000, 2012 and 2020) also correspond to the

wettest years in the UK series since 1961. There is a
slight upwards increase of 0.2 mm (approximately 3%)
when comparing the 1961–1990 and 1981–2010 aver-
ages, although the series is fairly flat from 1981
onwards. Again, this is a short time-series dominated by
year-to-year variability. The rainfall intensity series is
fairly well correlated with the RR10 series (R2 value
.72), as would be expected because in years with a large
number of very wet days the average rainfall intensity
on wet days is higher. In contrast, there is low correla-
tion between the rainfall intensity series and the RR1
series (R2 value .23) because in years with a large num-
ber of days exceeding 1 mm (a much lower threshold)
we would not necessarily expect the rainfall intensity on
wet days to be higher.

3.2 | Heavy rainfall

Alternative metrics for heavy rain are presented here.
Heavy rainfall is a complex variable to monitor due to its
potential to be highly localized. These metrics adopt two
different methods: a percentile approach and an absolute
threshold. The ranking of individual years is quite sensi-
tive to the choice of definition used and the series are rel-
atively short given the variability of rainfall. However,
there are some consistent features across these different
metrics—most notably, more heavy rain events have
been recorded in the most recent decade than in earlier
decades in the series.

Figure 32 shows the number of days each year where
the rainfall total has exceeded the 95th and 99th percen-
tiles for wet days. The 95th and 99th percentiles are
calculated based on the period 1961–1990 for ‘wet
days’—exceeding 1 mm; the UK value is the areal-
average of the number of days calculated at each grid

FIGURE 31 Annual average

rainfall intensity for the UK on days

of rain ≥1 mm, 1961–2020. The
hatched black line is the 1981–2010
long-term average. The hatched

green line is the 1961–1990 long-term

average. The table provides average

annual values (mm/day)
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point. (Based on Figure 30 we would therefore expect
about 154/20 = 7.7 days per year for the 95th percentile
for the period 1961–1990—which is indeed the case). The
percentiles and daycounts are calculated for each grid
point with the UK value as the areal-average of the day-
count values across all grid points. As with rainfall inten-
sity, this neither includes a seasonal breakdown, nor does
it distinguish between orographically enhanced frontal
rain and convective rain. This metric is based on a per-
centile approach with thresholds that vary geographically
so that all parts of the UK will have an equal influence
(since the climatologically wetter parts of the UK in the
north and west will have higher percentile values than
the drier parts of the south and east).

Both series show large annual variability with some
decadal variability, but with a rising trend for the
99th/95th percentiles from 1.6/7.7 days for the period
1961–1990 to 1.8/8.8 days for the period 1981–2010. The
2020 values for both percentiles were well above
the 1981–2010 and 1961–1990 long term averages which
is likely to be influenced by the relatively large number
of flood events—particularly during February.

Figure 33 provides a count of the number of times
each year any rain gauge in the observing network
below 500 m elevation has recorded a daily rainfall total
greater than or equal to 50 mm. We refer to this type of
metric as a count of station-days. This metric cannot dis-
tinguish between a small number of widespread events
recorded at many stations, or more frequent but local-
ized events, but is a useful gauge of the occurrence of
extreme heavy rainfall overall. This series has been
adjusted to take into account the changing size of the
UK rain-gauge network which reached over 5,000

gauges in the 1970s and has reduced to fewer than 3,000
in the 2010s (Appendix Figure A1.2a)

The dense network of several thousand rain gauges
across the UK means that widespread heavy rain events
will tend to be well captured, although highly localized
convective events may still be missed. The adjustment is
made by applying a scaling factor to the station-day
counts for each year, so that earlier years are scaled down
and later years scaled up and the apparent number of sta-
tions in the network remains constant throughout. How-
ever, note that this adjustment does not take into account
the fact that the relative proportion of rain-gauges within
different parts of the UK also changes with time. There-
fore we cannot rule out the possibility that the present
day network while having fewer stations overall may pro-
vide better sampling of regions that experience higher
frequency of heavy rain days such as western Scotland.
By this metric, 2020 had, by some margin, the highest
count in this series—indicative of the number of wide-
spread heavy rainfall events which occurred during the
year. February 2020 accounted for over a third of the sta-
tion counts during the year.

3.3 | Snow

Snow and ice caused some impacts across Scotland in the
last week of January, and drivers were stranded for several
hours on the M74 overnight. Snow also caused some prob-
lems from 10 to 14 February as storm Ciara cleared, and
there was further snow across upland areas in the north in
the last week of February, with a depth of 23 cm at Copley,
County Durham on the 24th. However, any disruption

FIGURE 32 The number of days

each year for which rainfall totals

have exceeded the 95 and 99th

percentile. The table provides average

annual values (days)
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from snow during February was not unusual for the time
of year and much less significant than flooding impacts
associated with storms Ciara and Dennis.

There was a brief spell of snow at the start of
December 2020 with travel disruption in the far north
of Scotland from 2nd to 5th. Snow also caused some dis-
ruption and school closures across Yorkshire and the East
Midlands on the 4th. A spell of more significant snow cau-
sed further disruption across the north from Boxing Day
to the New Year, with some roads blocked, accidents and
abandoned cars. A depth of 9 cm was recorded at Buxton,
Derbyshire on the 29th. However, overall there were no

major snow events affecting the UK during 2020 and snow
impacts were mostly limited and unremarkable.

The last spells of significant and widespread lying snow
across lowland parts of the UK were in February to March
2018, January and March 2013 and January and December
2010. 2010 was the snowiest year by far for the UK in the
last two decades, and was comparable to several snowy
years in the 1970s and 1980s. Figure 34 shows the count of
station-days where snow depth sensors recorded greater
than or equal to 10 or 20 cm of lying snow. The series has
not been adjusted for network size, consequently it is indic-
ative but not homogeneous (with the 2020 network size

FIGURE 34 Count of number

of station-days per year in the UK

with recorded snow depths

exceeding 20 cm (left hand axis) and

10 cm (right hand axis), excluding

stations above 500 m above sea level.

This series has not been adjusted for

network size. The 2020 values are

23 (10 cm) and 1 (20 cm)

FIGURE 33 Annual count of the number of UK station-days which have recorded daily rainfall totals greater than or equal to 50 mm

from 1961 to 2020, adjusted for station network size and excluding stations above 500 m above sea level. The table provides average annual

values (station-days). Note that the number of station-days for the 1961–1990 and 1981–2010 averages has changed slightly from last year's

report (1,050, 1,256). This is because the adjustment for station network size has altered as a result of inclusion of year 2020. However,

historical observations held within the climatological database also change over time as more digitized data are added or as a result of

quality control; data for the full series have been re-extracted from this live database
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roughly half that of the 1960–1990s, see Annex 1). 2020
was one of the least snowy years in the series—comparable
with 2019, 2016 and 2014. The absence of any major wide-
spread snow events during the year would not be consid-
ered unusual in the context of the last two decades, but
would be more notable if compared to the period 1960–
2000. The 1960s had a greater frequency of snowfalls and
blizzards than any decade since the 1860s and 1870s (Wild
et al., 2000) and there were also some very substantial snow
events through the 1970s and 1980s.

4 | SUNSHINE

The UK sunshine total for 2020 was 1,497 hr, 109% of the
1981–2010 average. This was the eighth sunniest year for
the UK in a series from 1919. Sunshine totals were above
average across much of England, and especially parts of
the south-east, with more than 120% in parts of Essex
and Kent, and it was relatively sunny too across northern
Scotland. Totals were nearer normal across most of
Wales, Northern Ireland, central and southern Scotland
(Figure 35). The sunniest station were Preston Cove
House, Dorset and Shoeburyness, Essex, both of which
recorded over 2,200 hr–around 120% of average and in
total 17 stations recorded over 1,800 hr—around 110–
120% of average at these locations. The lowest total was
1,022 hr at Loch Glascarnoch, Highland, this also being
the dullest station in 2019 and 2018.

A westerly airstream dominated the weather patterns
during winter 2020 (December 2019–February 2020), so
there was a marked west/east contrast in sunshine anom-
alies overall. Western areas received less than 75% of nor-
mal sunshine quite widely, whereas eastern areas were
generally sunnier than average. This sunshine anomaly
pattern persisted through all 3 months of the winter. Sun-
shine was in very short supply in north-west Scotland in
particular, with Poolewe, Wester Ross and Loch
Glascarnoch each recording 10 hr or less in December
2019, and only 5 hr each in January—around 15 hr
across 2 months or only 15 min per day, on average.

With plenty of fine, settled weather, particularly dur-
ing April and May, this was an exceptionally sunny
spring, especially across the southern half of the UK with
over 150% of normal sunshine across England and Wales.
The UK recorded 626 hr, 144% of the 1981–2010 long-
term average; almost four times as much sunshine as the
preceding winter. This was the UK's sunniest spring on
record by a very wide margin of 71 hr, and remarkably
also sunnier than all but three summers in the UK sun-
shine series from 1919. All three spring months were sun-
nier than average; March (134% for the UK) April (150%
for the UK) and May (144%); the UK had both its sunniest

April, and sunniest May, on record, again by wide mar-
gins. With 267 hr (an average of 8.6 hr per day), May 2020
was, by a narrow margin, the UK's sunniest month on
record. Sunshine totals across much of southern England
and west Wales reached 300–350 hr. Three hundred
thirty-two hours was recorded At Oxford, 332 hours were
recorded, 172% of the 1981–2010 average, making this the
sunniest calendar month on record here in a series from
1880, by a margin of over 20 hr from July 1911.

After the exceptional spring, the often unsettled con-
ditions during summer resulted in inevitably disappoint-
ing sunshine totals in comparison. The UK recorded
451 hr, 89% of the 1981–2010 summer average—less than
three-quarters of the spring sunshine total - and this was
the UK's dullest summer since 2012. Although it is not
especially unusual for the UK sunshine total for summer
to be less than that for spring, such a large difference
(175 hr) is exceptional. The summer saw below average
sunshine across almost all of the UK, and across all three
summer months, but especially July and August; North-
ern Ireland recording its second dullest July on record.
However, the far north-west of Scotland, the Northern

FIGURE 35 Sunshine anomalies (%) for year 2020 relative to

1981–2010
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Isles, and some parts of south-east England were sunnier
than average.

Autumn sunshine totals were slightly below average
overall, with fine, sunny weather in September followed
by a dull October (the UK's fifth dullest October on
record); England and Wales recorded around only two-

thirds of the normal sunshine amount. Sunshine totals in
November and December were variable, but below aver-
age for the UK overall (Figures 36 and 37).

Figures 38 and 39 show annual sunshine anomalies
for the UK and countries, and seasonal sunshine anom-
alies for the UK, from 1919 to 2020 inclusive. The

FIGURE 36 Sunshine anomalies (%) for seasons of 2020. Winter 2020 refers to the period December 2019 to February 2020
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smoothed trend shows a slight increase in sunshine
from a low during the 1960s–1980s to a sunnier period
from 2000 onwards. The most recent decade (2011–
2020) has had for the UK on average 8% more hours
of bright sunshine than the 1961–1990 average and 4%
more than the 1981–2010 average. This trend is appar-
ent across all countries but is most prominent during

the winter and spring, where the most recent decade is
13%/16% higher than 1961–1990. Figure 39 emphasizes
the UK's exceptionally sunny spring of 2020

The sunshine network is relatively sparse, with the
2020 network comprising around 115 stations
(Figure A1.4). This means that some parts of the UK such
as Highland Scotland and central Wales have relatively

FIGURE 37 Sunshine anomalies (%) for months of 2020
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few observations. Sunshine stations may be affected by
exposure issues, particularly in the winter months when
the sun is at a low elevation and topographic shading
may be important. The sunshine statistics throughout are
presented to the nearest whole hour, but the uncer-
tainties of the areal statistics relating to changes in the
observing network over time can approach 2% (equiva-
lent to approximately 5 min per day, on average). More
details can be found in Annex 2.

5 | WIND

The windiest days of 2020 are listed in Table 4, and
names storms listed in Table 5. Storms in 2020 were
named as part of an initiative between the Met Office,
Met Eireann and KNMI (the Dutch national weather ser-
vice). Other European national meteorological agencies
also apply names to storms. The naming of storms
improves the communication of approaching severe

weather through the media and government agencies by
using a single authoritative system. Storms are named
based on a combination of both the impact the weather
may have, and the likelihood of those impacts occurring,
taking into account wind, rain or snow. The number of
named storms from year-to-year should not be used as a
climate index in its own right because the criteria for
naming storms have changed since the scheme was first
introduced in autumn 2015.

Storm Brendan—a deep but fairly typical Atlantic
winter storm system—brought strong winds to the UK
in mid-January. Winds gusted at over 50 Kt (58 mph)
across much of Wales, south-west England and North-
ern Ireland, reaching 60 Kt (69 mph) or more across
exposed locations in west Wales, western and northern
Scotland. The storm brought transport disruption, some
fallen trees and reports of structural damage. Large
waves battered exposed coastlines in Wales, Northern
Ireland and Western Scotland. Schools in the Western
Isles were closed.

FIGURE 38 Annual sunshine

duration (hours) for UK and

countries, 1919–2020, expressed as a

percentage of 1981–2010 average. The
hatched black line is the 1981–2010
long-term average. The lower

hatched green line is the 1961–1990
long-term average. Light grey grid-

lines represent anomalies of ±10%.
The table provides average annual

sunshine values (hours)
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Storms Ciara and Dennis in early and mid-February
brought significant wind impacts in addition to flooding
problems. Ciara was a particularly powerful storm, and
with winds gusting at over 60 Kt (69 mph) widely across
England and Wales and this was the most severe wind
storm of the year. Gusts of 60 Kt (69 mph) were recorded
widely not just around the coast, but also at inland loca-
tions, notably North Wales, the south Pennines and parts
of Lincolnshire and Norfolk, including 77 Kt (89 mph) at
Capel Curig, Conwy, 75 Kt (86 mph) at Lake Vyrnwy,
Powys, 67 Kt (77 mph) at Cranwell, Lincolnshire, and
65 Kt (75 mph) at Cardinham, Bodmin, Cornwall. In
terms of widespread gust speeds across England and
Wales exceeding 60 Kt, Ciara was the most significant
storm since 12 February 2014.

Ciara caused widespread disruption throughout the
UK. Hundreds of flights were cancelled, rail passengers
advised not to travel, ferry services were cancelled and
the Port of Dover was closed. The Humber Bridge was
closed for only the second time in its history and the

Dartford Crossing also closed. Part of the M11 was also
closed due to the risk of a damaged aircraft hangar blow-
ing onto the road, and tragically a man died in Hamp-
shire when a tree fell on his car. Power cuts affected over
675,000 homes. Huge waves battered exposed coastlines
with waves overtopping sea defences. Hastings lifeboat
nearly capsized as it answered an emergency call at the
height of the storm. Strong winds buckled a construction
crane in north London and tore the sails off a historic
windmill in Burgh Le Marsh, Lincolnshire. It took one
flight three attempts to land at Gatwick before the air-
craft diverted to Frankfurt. However, a British Airways
flight was reported to have made the fastest subsonic
New York to London journey—less than 5 hr—making
use of powerful jet stream winds exceeding 250 mph.

Storm Dennis, a week later, also brought very strong
winds, although the worst of the impacts were from the
rain. Strong winds and large waves battered exposed
coastlines, and in County Cork, Ireland, an abandoned
“ghost” cargo ship was washed ashore. One feature of

FIGURE 39 Seasonal sunshine

duration for the UK, 1919–2020 (note
winter from 1920 to 2020; year is that

in which January and February fall).

The hatched black line is the 1981–
2010 long-term average. The lower

hatched green line is the 1961–1990
long-term average. Light grey grid-

lines represent anomalies of ±10%.
The table provides average seasonal

sunshine values (hours)
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Dennis was the persistence of the strong winds across
the UK for several days, with the low pressure centre to
the north-west slow to clear the UK, and winds of 50 Kt
sustained for a period of around 2 days. Storm Jorge,
named by the Spanish meteorological service, brought
further very windy weather at the end of February but
impacts were generally less than from Ciara and
Dennis.

After this, wind related weather impacts were gener-
ally limited through the spring and much of the summer.
Strong winds caused some disruption in Northern Ireland

and northern England on 12th March, while on 21–22nd
May fallen trees affected transport in Manchester and
Cardiff. On 25th July a tornado in Northampton caused
some damage to property.

Storms Ellen and Francis, separated by only a few
days, brought significant wind impacts in late August.
Ellen brought significant travel disruption, hundreds of
homes were left without power in Wales and the M48
Severn Bridge was closed. Rail and ferry services in west
Wales were cancelled, large waves battered exposed
coastlines causing some coastal flooding and there were

TABLE 4 The windiest days of year 2020

Date England (95) Wales (11) Scotland (34) N. Ireland (15) Total (155) Named storm

07 January 2020 4 2 17 2 25

11 January 2020 5 3 4 1 13

13 January 2020 16 9 21 10 56 Brendan

14 January 2020 22 8 4 34 Brendan

15 January 2020 3 7 1 11

16 January 2020 8 3 3 14

08 February 2020 8 8 16 1 33 Ciara

09 February 2020 70 15 18 5 108 Ciara

10 February 2020 26 9 6 3 44

11 February 2020 14 3 15 3 35

15 February 2020 38 10 6 54 Dennis

16 February 2020 42 12 20 4 78 Dennis

17 February 2020 10 7 15 32

21 February 2020 4 3 13 20

22 February 2020 13 5 21 3 42

29 February 2020 18 7 5 2 32 Jorge

01 March 2020 4 4 3 2 13 Jorge

11 March 2020 8 5 4 17

12 March 2020 10 4 2 2 18

22 May 2020 4 8 4 16

20 August 2020 4 2 2 5 13 Ellen

21 August 2020 8 6 14

25 August 2020 10 8 1 19 Francis

24 October 2020 3 2 5 1 11

31 October 2020 7 5 22 5 39 Aiden

01 November 2020 4 8 8 1 21

02 November 2020 7 5 12

15 November 2020 8 4 12

26 December 2020 21 11 6 2 40 Bella

27 December 2020 24 9 33 Bella

Note: The table lists dates where 10 or more stations across the UK recorded a maximum wind gust greater than or equal to 50 Kt (58 mph) on that day. The
table also gives a count of affected stations by country. The number of wind observing sites in 2020 for each country (based on data availability) is also given in
brackets.
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reports of fallen trees (with the ground saturated and
trees in full leaf at this time of year). Francis caused fur-
ther transport disruption to road and rail and further
coastal flooding. Thousands of homes were without
power, there were reports of fallen trees and the M48
Severn Bridge again closed. These were two of the most
notable August storms in the UK in the last 50 years (for
more details, see Section 8).

An area of low pressure brought stormy conditions to
parts of eastern England on 25th September. Sand drifts
up to 1.5 m high were reported in residents gardens in
Norfolk, and the Port of Felixstowe was closed due to
high winds. Fallen trees affected some roads and railway
lines in parts of Norfolk, and Suffolk. Impacts were also
reported on the roads, with damage to boats in harbours
along the coast.

Strong winds from storm Alex brought some impacts
to southern England on 2nd October before the storm
moved south across France. Large waves affected parts of
the south coast exposed to the east—for example, at

Swanage (Dorset) and several areas experienced power
cuts including the Isle of Wight, Portsmouth, Southamp-
ton, Devon, Cornwall, towns east of Reading and parts of
west London. Storm Barbara on 21st October was named
by the Spanish meteorological service but brought limited
impacts to the UK. Storm Aiden on 31st October was part
of a spell of turbulent, wet and very windy weather from
late October to early November as a succession of deep
Atlantic low pressure systems, associated with a powerful
jet stream, crossed the UK. Large waves resulted in
33 shipping containers being lost overboard from a vessel
in the Pentland Firth, while a yacht capsized off the Isles
of Scilly.

Storm Bella was another large, deep area of low pres-
sure with very strong winds sweeping across England
and Wales overnight 26–27th December. The strongest
winds from storm Bella were around the coastline of
Wales, south-west and southern England, where wind
gusts exceeded 60 Kt (69 mph). Needles Old Battery (Isle
of Wight) recorded 92 Kt (106 mph), the UK's highest
wind gust at a low level station since 2 November 2019,
while Aberdaron, Llŷn Peninsula recorded 72 Kt
(83 mph). Large waves affected coastlines of Wales and
southern England.

As a measure of storminess Figure 40 counts the num-
ber of days each year on which at least 20 stations
recorded gusts exceeding 40/50/60 Kt (46/58/69 mph).
Most winter storms have widespread effects, so this met-
ric will reasonably capture fairly widespread strong wind
events. The metric will consider large-scale storm systems
rather than localized convective gusts. There are no com-
pelling trends in maximum gust speeds recorded by the
UK wind network in the last five decades, particularly
bearing in mind the year-to-year and decadal variations
and relatively short length of this time series. There were
10 named storms during the year, and overall 2020 was a

FIGURE 40 Count of the

number of individual days each year

during which a max gust speed ≥40,
50 and 60 Kt (46, 58, 69 mph; 74, 93,

111 kph) has been recorded by at

least 20 or more UK stations, from

1969 to 2020. Stations above 500 m

above sea level are excluded

TABLE 5 UK named storms of 2020

Name Date of impact on UK and/or Ireland

Brendan 13–14 January 2020

Ciara 8–9 February 2020

Dennis 15–16 February 2020

Jorge 28 February–1 March 2020

Ellen 19–20 August 2020

Francis 25 August 2020

Alex 2–4 October 2020

Barbara 21 October 2020

Aiden 31 October 2020

Bella 26–27 December 2020
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fairly typical year for storminess when compared to previ-
ous decades. Nevertheless, for the 50 and 60 Kt metrics it
was the stormiest year since 2015. However, there were
many windier years than 2020, particularly in the 1980s
and 1990s.

Note that higher 40 Kt counts from the mid-1980s
through the 1990s as shown in Figure 40 is broadly con-
sistent with a period of positive phase of the winter NAO
as shown in Figure 2. This earlier period also included
among the most severe storms experienced in the UK in
the observational records including the ‘Burns Day
Storm’ of 25 January 1990, the ‘Boxing Day Storm’ of
26 December 1998 and the ‘Great Storm’ of 16 October
1987, while in the last decade the most significant major
winter storms have been on 5 December 2013, 3 January
2012 and 8 December 2011. None of the storms of 2020
compared with these earlier storms for overall severity
across the UK.

Changes in instrument type, station network size,
station exposure, and choice of metric used mean that
interpreting trends in storminess from UK wind speed
data is not straightforward due to the limitations of
available data, and results should be treated with cau-
tion. The wind network on which Figure 40 is based
comprises around 130 stations in the 1970s, 150 in the
1980s, 190 in the 1990s and 2000s and 160 in the
2010s. Figure 40 has not been adjusted to take into
account this changing network but this may partly
account for the higher station counts in 40 Kt gusts
through the 1980s and 1990s. Although data from the
land network as presented in this report show no
compelling trends in maximum gust speeds in the UK,
Matthews et al. (2014) notes an increase in cyclone
intensity and wind speeds across the North Atlantic
since the 1950s based on the NCEP reanalysis (Kalnay
et al., 1996).

6 | SEA LEVEL

A UK sea level index for the period since 1901 provides
the rate of 1.5 ± 0.1 mm�year−1 for sea level rise, when
excluding the effect of vertical land movement
(Woodworth et al., 2009a), resulting in a sea level rise of
16.5 cm (Figure 41). This is close to the global sea level
rise estimate of 16 cm (likely range 12–21 cm) for the
period 1902–2015 (Oppenheimer et al., 2019). When ver-
tical land movement is included, the net rate of sea level
rise is slightly higher in the south of England and slightly
lower in some parts of Scotland.

However, UK sea level change is not a simple linear
increase, but also includes variations on annual and
decadal timescales. Using the UK sea level index, we
have estimated the changes in the rate for sea level rise
for different time periods (Figure 42). For the period
1958–2018 the rate of sea level rise has increased to
1.8 ± 0.3 mm�year−1, which is in agreement with recently
published results for the rate of sea level rise of
2.4 ± 0.3 mm�year−1 in the UK using a different approach
and different data sets (Hogarth et al., 2020), allowing for
the large error bars on both estimates. The rate for the
period 1993–2019 has increased further to 3.6 ±
1.0 mm�year−1, which is comparable to the global esti-
mate of sea level rise of 3.2 ± 0.4 mm�year−1 for this same
period based on satellite altimetry (Baringer et al., 2020).

The evolution of the trend over time (Figure 42) pro-
vides scientific evidence that rate of sea level rise is increas-
ing, confirmed by acceleration of 0.034 ± 0.019 mm�year−2
estimated by the conventional approach, where the acceler-
ation is defined as the second derivative of sea level in time.
Calculated acceleration for the UK sea level rise by Hogarth
et al., 2020 is larger (0.058 ± 0.030 mm�year−2), however,
the error bars in both estimates are quite large, demonstrat-
ing the challenge in estimating the trend and acceleration

FIGURE 41 UK sea level index

for the period since 1901 computed

from sea level data from five stations

(Aberdeen, North Shields, Sheerness,

Newlyn and Liverpool) from

Woodworth et al. (2009). Error bars

shown in the UK index indicate

uncertainty (one standard deviation)

in values for individual years

40 KENDON ET AL.
2670  



in time series with large variability in different scales
(Douglas, 1992; Jevrejeva et al., 2008; Woodworth
et al., 2009b) and the number of large-scale atmospheric
and ocean processes that contribute to non-uniform sea-
level rise around the coast of the UK (Woodworth
et al., 2009b; Hogarth et al., 2020).

The UK index is based on five long-running stations
dating back to the beginning of the 20th century. Due to
ongoing issues with data quality, there was unfortu-
nately not enough data to update the UK sea level index
with a value for 2020. The 2019 and 2018 values are
based on only one of these stations (Newlyn) due to
missing data at the others at various times during the
year. Uncertainties in the UK sea level index for several
recent years, notably 2007, 2011 and 2015, are large; it is
suspected that these relate to data quality issues at the
Liverpool gauge. The method for calculating uncer-
tainties does not currently take into account missing sta-
tions. The 2010, 2018 and 2019 values are based on only
one gauge so error bars are not available. Given issues
with data availability in the network a review of the
method used to calculate the UK index may be required
to derive an index based on the complete network of
stations, rather than restricting this to long-running
stations only.

7 | EXTREMES FOR YEAR 2020

Table 6 shows the UK weather extremes for year 2020.
The highest temperature of the year, 37.8�C at Heathrow
on 31st July made this the UK's third warmest day on
record. The highest daily minimum temperature of the
year, 22.3�C at Langdon Bay, Kent on 8th August occurred

during a major heatwave across southern England (for
more details of both extremes, see Section 8).

The lowest maximum, minimum and grass minimum
temperatures occurred in mid-February and at the end of
December. These were fairly typical for the lowest values
of the year—the lowest minima occurring under clear
skies and light winds with lying snow. The greatest snow
depth of 24th February occurred in the north Pennines;
depths elsewhere in the north Pennines were more typi-
cally 5–15 cm.

The highest daily rainfall total of 239.9 mm at East
Wretham, Norfolk on 16th August, was due to a highly
localized rainfall event, and was subject to extensive
quality control before acceptance (for more details, see
Section 8). This value set a new UK August record, and it
was the second daily rainfall total of over 200 mm
observed during 2020, with 212.8 mm at Honister Pass,
Cumbria on 28th June. While daily totals of over 200 mm
are exceptional for the UK, there has been a marked
recent increase in the number of such observations, with
200 mm recorded in 2008, 2009, 2012, 2015 (two dates),
2017 and 2020 (two dates). All such recent totals, with
the sole exception of East Wretham, have occurred in the
English Lake District. The highest gust speed of 92 Kt
(106 mph) at Needles Old Battery was due to storm Bella.
This station has a uniquely exposed location on the west-
ern end of the Isle of Wight.

8 | SIGNIFICANT WEATHER
EVENTS OF 2020

This section describes notable weather events which
occurred during 2020. The choice of event is

FIGURE 42 Trends in the UK sea level index fitted over all possible windows at least 30 years long between 1901 and 2019. Each point

represents one window, with the value on the horizontal axis representing the centre of the window, the value on the vertical axis

representing the length of the window, and the colour of the point encoding the value of the trend. So, for example, the point at (1960, 61)

represents the trend over the period 1930–1990
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determined by the National Climate Information Cen-
tre based on our experience of monitoring the UK's
climate through the year, broadly taking into account
a combination of spatial extent, severity and duration
and any associated impacts. It does not represent a
comprehensive list of all impactful weather affecting
the UK during the year, which may be mentioned
elsewhere in the report. A discussion of notable and
named storms for 2020 is also included in the wind
section of this report.

8.1 | Exceptionally wet February
including storms Ciara and Dennis

Storms Ciara and Dennis were part of an exceptionally
wet February for the UK, leading to major flooding of
national significance, with the flooding at least as severe
as that in November 2019 (Kendon et al., 2020); these
events brought, by far, the most severe weather impacts
of the year.

Ciara, a major winter storm, swept across the UK on
8th February (Figure 43). Bands of intense convective
rainfall were embedded in the fronts sweeping across the
UK (Figure 44). Around 100–150 mm of rain fell across
the Lake District fells, while across Snowdonia and the
Pennines totals exceeded 75 mm fairly widely with a few
locations here also exceeding 100 mm (Figure 45a).
Around 50–75% or more of the February long-term aver-
age rain fell widely, with parts of the south Pennines,

notably West Yorkshire, receiving a whole month's aver-
age (Figure 45b). Several long-running stations recorded
their wettest February day, including Eskdalemuir, Dum-
friesshire (79.4 mm, 109 years), Newton Rigg, Cumbria
(50.2 mm, 98 years), Auchincruive, Ayrshire (39.4 mm,
81 years) and Edinburgh Royal Botanic Garden
(34.4 mm, 78 years).

Ciara alone brought major flood impacts but the situ-
ation was made much worse by storm Dennis, arriving
only a week later. Dennis was an exceptionally deep
Atlantic depression (Figure 46), bringing widespread per-
sistent rain—again with some intense embedded convec-
tive bands (Figure 47). Western upland parts of the UK
received a further 50–100 mm or more of rain falling on
saturated ground—with around the whole month's aver-
age rain falling across the west and north Midlands
(Figure 48a,b).

Figure 49 shows UK area-average daily rainfall totals
for December 2019–February 2020. UK area-average rain-
fall totals exceeded 20 mm from Ciara (8th) and Dennis
(15th)—among only 41 out of more than 47,000 days in
the UK daily series from 1891 with totals over 20 mm.
Totals reached or exceeded 10 mm on 8 days of the
month and 5 mm on 18 days, indicating both the excep-
tional nature of the rainfall from Ciara and Dennis com-
bined with the persistent wet weather throughout much
of the month—also including storm Jorge.

Most of the UK received more than twice the
February long-term average rainfall, with 300% quite
widely in the north and west, and over 400% in parts of

TABLE 6 Annual extremes for the UK for year 2020

Extreme Observation Date Station

Highest daily maximum temperature (09–09
GMT)

37.8�C 31 July Heathrow, Greater London, 25 masl

Lowest daily minimum temperature (09–09
GMT)

−10.2�C 13 February
30 December

Braemar, Aberdeenshire, 327 masl
Dalwhinnie, Inverness-shire, 351 masl

Lowest daily maximum temperature (09–09
GMT)

−1.9�C 30 December Carlisle, Cumbria, 28 masl

Highest daily minimum temperature (09–09
GMT)

22.3�C 8 August Langdon Bay, Kent, 117 masl

Lowest grass minimum temperature (09–09
GMT)

−12.7�C 31 December Aboyne, Aberdeenshire, 140 masl

Highest daily rainfall (09–09 GMT) 239.9 mm 16 August East Wretham, Norfolk, 32 masl

Greatest snow depth (09 GMT) 23 cm 24 February Copley, County Durham, 253 masl

Highest daily sunshine 16.8 hr 16 June Fair Isle, Shetland, 57 masl

Highest gust speed 92 Kt, 106 mph 27 December Needles Old Battery, Isle of Wight, 80 masl

Highest gust speed (mountain) 115 Kt, 132 mph 3 February Cairngorm Summit, Inverness-shire 1,237 masl

Note: Stations above 500 m above mean sea level (masl) are considered as mountain stations and therefore not representative of low-level areas. They are

excluded from the table with the exception of the highest mountain gust. Channel Island values are also quoted if these exceed UK values.
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the Pennines (Figure 50). This was, by a wide margin, the
UK's wettest February on record (Figure 51)—a notable
outlier compared to other wet Februarys in the series.
Table 7 lists the UK's top-10 wettest calendar months,
ranked both as actual totals and as anomalies relative to
the monthly long-term average. February 2020 was the
UK's fifth wettest calendar month on record, but in addi-
tion, with 242% of the 1981–2010 long-term average this
was the highest rainfall anomaly of any calendar month
in the UK series from 1862. Four out of the top-10 wettest
months in both lists (actuals and anomalies) have

occurred since 2000—with five of the top-10 wettest
months by anomaly falling in February. Davies
et al., 2021, describes winter 2019/2020—including
February 2020—in more detail, including meteorological
drivers, predictability and attribution to climate change.

8.2 | Dry and sunny spring

Figure 52 shows area-average daily rainfall totals for
England for the first half of 2020. After persistent rainfall
through February until mid-March, there was little rain-
fall across England from 19th March until 2nd June—
although with some much needed rain across central
southern England on 17th April and the last 4 days of the
month. After the prolonged wet weather, the dry condi-
tions were initially welcome, but the dry spring subse-
quently made conditions difficult for farmers and
growers, limiting growth of grass and crops. Much of
north-east England received 5–10 mm or less rain during
April, and central and southern England received less
than 5 mm during May; a few locations received less than
1 mm (Figure 53). England had its driest May on record
in a series from 1862, and the driest calendar month since
August 1995.

It was also an exceptionally sunny spring, with long
periods of unbroken sunshine, particularly across
England and Wales. Figure 54 shows spring sunshine
totals recorded across the network. Totals across south-
ern England and around the coast exceeded 700 hr quite
widely, with three stations recording over 800 hr (more

FIGURE 43 Analysis chart at

1200 UTC 9 February 2020

FIGURE 44 UK rain-radar image at 1200 UTC

9 February 2020
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than 8.5 hr per day on average). Remarkably, totals
across the UK were typically 100 hr or more in excess of
what might be expected during an average UK summer;
many stations across central and southern England
recording more than 150% of average spring sunshine.

The combination of dry, warm and sunny conditions
resulted in a sharp reduction in soil moisture to record
breaking-lows. By the end of the spring river flows were
far below normal, with new record minima in some loca-
tions, and reservoir stocks were depleted.

FIGURE 45 UK rainfall totals from storm Ciara, 8–9th February 2020 (a) actuals and (b) as a percentage of the 1981–2010 February
whole-month average. Raindays are 09–09 UTC

FIGURE 46 Analysis chart at

1800 UTC 15 February 2020
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8.3 | Hot day, 31 July

On 31 July 2020 the temperature reached 37.8�C at
Heathrow, Greater London, making this the UK's third
hottest day on record. The analysis chart at 1200 UTC
31st July 2020 shows an area of low pressure to the west

drawing a flow of hot air from the continent across south-
ern and central parts of the UK (Figure 55). Tempera-
tures across central southern England widely exceeded
34–35�C. 36�C was recorded in and around Greater
London, and also in Oxfordshire, Warwickshire and
Northamptonshire. Kew Gardens reached 37.3�C
(Figure 56).

Figure 57 compares daily maximum temperature
anomalies on the UK's three hottest days: July 25, 2019,
when a new UK record of 38.7�C was set at Cambridge
Botanic Garden); 10 August 2003 (the previous UK
record of 38.5�C at Faversham, Kent); and 31 July 2020.
On 31 July 2020, temperatures across central England
were widely 12�C or more above the July 1981–2010 long
term average, but the heat was not quite so extreme as
25 July 2019 or 10 August 2003.

This was only the fourth occasion where tempera-
tures in the UK have exceeded 37�C. The UK all-time
record of 36.7�C (98 �F) at Raunds, Northamptonshire,
Canterbury, Kent and Epsom, Surrey stood for nearly
80 years until 37.1�C on 3 August 1990 at Cheltenham,
Gloucestershire; before the record was broken in 2003
and then 2019. Of the six occasions when temperatures
have exceeded 36.7�C (98 �F) in the UK, three have
occurred in the last 6 years (Table 8).

Crowds descended on beaches along the south coast
at Poole, Bournemouth and Brighton causing gridlock on

FIGURE 47 UK rain-radar image at 1800 UTC

15 February 2020

FIGURE 48 UK rainfall totals from storm Dennis, 15–16 February 2020 (a) actuals and (b) as a percentage of the 1981–2010 February
whole-month average. Raindays are 09–09 UTC

KENDON ET AL. 45
2675  



roads; trains were also very crowded. Fortunately this
was an isolated day of extreme heat, with daily maximum
temperatures in the mid to high 20s on 30th July and 1st
August.

8.4 | Southern England heatwave,
August

Southern England experienced one of the most signifi-
cant heatwaves of the last 60 years during early August
2020 as hot, humid air moved north from the near conti-
nent. The analysis chart at 12 UTC 8 August 2020 shows
a slack airflow over the UK with south-east England in a
hot, humid air-mass extending from the near-continent,
separated by a front from cooler, fresher conditions to the
north (Figure 58). Temperatures exceeded 30�C widely
across south-east and parts of central England—and
locally 34�C—for six consecutive days, with 35�C reached
on 7, 10, 11 and 12th and 36�C on 7 and 11th (Figure 59).
The highest temperature was 36.4�C on 7th August at
Heathrow and Kew Gardens, with 36.2 also reached at
Charlwood, Surrey on 11th. Although 31 July 2020 was
hotter with 37.8�C at Heathrow, this was a single day in
isolation, rather than a sequence of hot days lasting
almost a week.

The heatwave also included a succession of uncom-
fortably mild and humid nights with temperatures held
up above 18�C, including five ‘tropical nights’ on 8, 10,
11, 12 and 13th where temperatures locally remained
above 20�C (Figure 60). The highest daily minimum tem-
peratures were generally in London (strongly influenced
by the urban heat-island effect) but also around the coast-
line of the south-east from Suffolk to Hampshire due to
the increased humidity from the maritime influence. The
highest daily minimum temperature was 22.3�C at Lan-
gdon Bay (Kent) on 8th, while London St James's Park
also recorded a minimum of 22.0�C on 12th.

Figure 61 shows hourly air temperature at London St
James's Park and Wisley, Surrey through the heatwave.

FIGURE 49 UK daily area-

average rainfall totals for winter 2020

(December 2019–February 2020)

FIGURE 50 UK rainfall for February as a percentage of the

1981–2010 average
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FIGURE 51 UK rainfall for

February, series from 1862

TABLE 7 The UK's top-10 wettest calendar months—ranked both as actuals (left) and as anomalies (right)

Rank Month Total (mm) Month % of 1981–2010 monthly average

1 October 1903 226.1 February 2020 242

2 December 2015 216.9 February 1990 219

3 November 2009 215.0 June-2012 203

4 February 2020 213.6 February 2002 199

5 December 1929 213.4 July 1988 193

6 January 1928 205.1 February 1997 191

7 December 1914 202.7 February 2014 190

8 October 2000 199.6 May 1967 189

9 October 1967 196.8 September 1918 189

10 December 1999 195.5 August 1912 188

Dates in bold are since 2000.

FIGURE 52 England area-

average daily rainfall from January to

June 2020
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Daily maximum temperatures at both stations reached the
low- to mid-30s for six consecutive days 7–12 August and
were broadly comparable at both locations. However, daily
minimum temperatures were several degrees higher on
8, 11 and 12th at St James's Park compared to Wisley—A
rural station approximately 40 km from central London,
clearly showing the urban heat-island influence on St
James's Park retaining higher temperatures at night

Heatwave comparisons are complex if they are to
consider severity, duration and spatial extent. The
August 2020 heatwave saw a combination of both
unusually high temperatures and sustained duration
for approximately a week, although the highest tem-
peratures were mostly confined to London and the
south-east. At least 20 stations recorded temperatures
of 32�C or higher for six consecutive days during
August 2020; the last time this occurred was from 1–6
July 1976. It was also the only occasion in at least the
last 60 years with 34�C recorded somewhere in the UK
for six consecutive days.

34�C has been recorded in the UK during seven out
of the last 10 years 2011–2020, compared to seven out of
the previous 50 years 1961–2010, suggesting that temper-
atures of 34�C or higher occurring at some point during
the summer are becoming much more common. A fur-
ther indication of the changing nature of the UK's cli-
mate is the number of ‘tropical nights’—that is, days
where the daily minimum temperature has remained
above 20�C. A tropical night has been recorded in all but

FIGURE 53 Rainfall totals (mm) during April and May 2020 across England

FIGURE 54 Sunshine totals (hours) for spring 2020 across

the UK
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three of the last 20 years 2001–2020, compared to only
half of the years from 1961 to 2000 (20 out of 40 years).

The hot weather made conditions difficult for the
elderly and vulnerable; Public Health England esti-
mated more than 1,700 excess deaths from this heat-
wave across England. Many beaches became exception-
ally busy—for example, in Sussex and Dorset. Fire-
fighters tackled a large heathland fire in Surrey. The
hot weather also saw the development of some impact-
ful thunderstorms. Part of the M25 was closed due to
flash-flooding and a train in Kent was evacuated after a
landslide. A wooden pavilion in Hampshire caught fire
after a suspected lightning strike and there were reports
of large hailstones falling.

8.5 | Extreme Norfolk rainfall, 16th
August

Thunderstorms affected parts of East Anglia on 16th
August. Figure 62 shows some intense downpours across
East Anglia with localized rainfall rates exceeding 32 mm
per hour. Around 50–100 mm of rain fell locally in an
area of Norfolk between Thetford and Norwich, with a
rain-gauge in East Wretham recording a remarkable daily
total of 239.9 mm. Four unofficial rain-gauges on adja-
cent farms within a 5 km radius recorded 180 mm or
more, while two other rain-gauges in the registered

FIGURE 55 Analysis chart at

1200 UTC 31 July 2020

FIGURE 56 Daily maximum temperatures on 31 July 2020
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network at Watton and Saham Toney 10 km to the north
of East Wretham recorded 147.0 and 139.7 mm, respec-
tively (Figure 63).

The East Wretham rainfall total of 239.9 mm set a
new UK August daily rainfall record, exceeding
200.4 mm at Otterham, Cornwall on 16 August 2004 dur-
ing the extreme Boscastle flooding event. The torrential
rainfall caused localized flash-flooding in Watton with
several properties affected, and there were other flooding
problems more widely across Norfolk from thunder-
storms and torrential downpours. However, flood
impacts overall from this event were relatively modest

and likely to relate to the localized nature of the extreme
rainfall, the rural nature of the area and the low-lying
topography.

Daily rainfall totals exceeding 200 mm remain rela-
tively rare in the UK and the majority have occurred
across upland areas of western Britain—the English Lake
District in particular—from prolonged frontal rainfall
events in the autumn and winter months. However, it is
notable that of around 20 such observations since 1961,
almost half have occurred in the most recent decade. His-
torically, one of the most severe flooding events to affect
Norfolk occurred in August 1912, when 180 square miles
of East Anglia from the Broads to Wymondham
(Norfolk) received more than 175 mm of rain in 48 hr.
The 160.3 mm that fell at Norwich on 26 August was
reported at the time as the largest amount on record for a
rainfall day in eastern England. This event caused wide-
spread flooding and damage across East Anglia
(Meteorological Office, 1912; Kendon and Prior, 2011).

8.6 | Storms Ellen and Francis, August

Storms Ellen and Francis in late August were separated
by only a few days. They each brought wind gusts of 40–
50 Kt across inland areas and 50–60 Kt across exposed
coastal locations—particularly affecting Wales and south-
west England. Met Eireann issued a red warning for dam-
aging winds across south-west Ireland from storm Ellen.
Wind speeds reached 69 Kt (79 mph) at Capel Curig,
Conwy during Ellen and 70 Kt (81 mph) at Needles Old
Battery (Isle of Wight) from Francis. The analysis charts

FIGURE 57 Daily maximum temperature anomalies relative to the 1981–2010 July average for the UK's three hottest days on record:

25 July 2019, 10 August 2003 and 31 July 2020

TABLE 8 The UK's six hottest days on record

Date

Daily
maximum
temperature
(�C) Location

25 July
2019

38.7 Cambridge Botanic Garden

10 August
2003

38.5 Faversham, Kent

31 July
2020

37.8 Heathrow, Greater London

3 August
1990

37.1 Cheltenham, Gloucestershire

1 July 2015 36.7 Heathrow, Greater London

9 August
1911

36.7 Raunds, Northamptonshire,
Epsom, Surrey, and
Canterbury, Kent
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FIGURE 58 Analysis chart at 1200

UTC 8 August 2020

FIGURE 59 Daily maximum temperatures, 7–12 August 2020
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FIGURE 60 Daily minimum temperatures, 8–13 August 2020. The ‘patchy’ nature of these maps reflects the influence of individual

station exposure—particularly the local topography—on minimum temperatures

FIGURE 61 Hourly air

temperatures at London St James's

Park and Wisley, Surrey from 6 to

15 August 2020
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for both storms show tightly packed isobars bringing
some very strong winds (Figures 64 and 65).

Figure 66 shows hourly maximum gust speeds at
three exposed coastal locations, Aberdaron (Lleyn Penin-
sula), Pembrey Sands (Carmarthenshire) and Needles
Old Battery (Isle of Wight). In all three locations gusts of
50–60 Kt or more were recorded during these storms.
The spike in wind gusts at around 0000 UTC August
20, 2020 coincided with the red warning across Ireland,
ahead of the main passage of Ellen across the UK

Figure 67 lists August storms of the last 50 years,
ranked by the number of stations recording gusts exceed-
ing 50 Kt. By this metric, storms Ellen and Francis were
ranked in the top 10 most notable August storms of the
last 50 years although note that as with Figure 40,
the counts have not been adjusted to take into account
the changing network size. The most severe of these
August storms, the Fastnet Storm occurred on 14 August
1979. Fifteen sailors died in the Fastnet yacht race and
there were several other fatalities at sea and on land.
Wind gusts reached 65 Kt (75 mph) at Milford Haven,
Pembrokeshire and even Northolt, London recorded
52 Kt (60 mph). Another significant storm at this time of
year was from the remnants of Hurricane Charley on 25–
26 August 1986. This storm did not make landfall over
the US but tracked eastwards across the Atlantic towards
the UK where strong winds caused damage in addition to
exceptionally wet weather across England and Wales. A
storm on 30 August 1992 occurred a few days after Hurri-
cane Andrew in the US, with trees brought down in cen-
tral London and six fatalities. Storms of this severity tend
to be more frequent further into autumn, a recent

example being storm Ali on 19 September 2018 (Kendon
et al., 2019)

8.7 | Exceptionally wet day, 3rd
October, 2020

Heavy rain from storm Alex affected parts of southern
England on 1st October, and more widely on 2nd October
before the storm moved south into continental Europe.
The following day, 3rd October, was exceptionally wet
with another area of low pressure across the UK. Thirty
to fifty millimetre fell very widely, significantly more
than this in some areas—it is highly unusual for rainfall
totals as high as this to be recorded on the same day
across such a large spatial extent of the country. The UK
recorded 30.0 mm of rain, on average, across the entire
UK and this was widely reported in the media at the time
as enough rainwater to fill Loch Ness (7.6 cubic
kilometres).

A large number of weather stations recorded their
wettest October day on record, including several with
100+ year records, and scattered widely across the UK

FIGURE 62 UK rain-radar image at 1530 UTC

16 August 2020

FIGURE 63 Daily rainfall totals 16th August 2020 (09–
09 UTC)
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from London to the west Midlands to Lancashire to Aber-
deenshire (Table 9). At Oxford, 60.0 mm on 3 October
made this Oxford's sixth wettest day in almost 200 years
daily record (1828), and its wettest day for 47 years (since
67 mm on 27 June 1973). More details of the Oxford
series are available in a book on the Oxford weather sta-
tion (Burt and Burt, 2019).

Year 2020 included two of the three wettest days on
record UK-wide (Figure 68). On 25 August 1986—
ironically a late-summer bank holiday—there was
unusually widespread and heavy rainfall across England
and Wales associated with the remnants of Hurricane

Charley. In contrast, 15 February 2020—storm Dennis—
and 3 October 2020 were both wet, or very wet, across
the vast majority of the UK (Kendon and McCarthy,
2021). Remarkably, of the 41 days in the UK area-average
daily rainfall series from 1891 where the total has
exceeded 20 mm, four have occurred in 2020, also includ-
ing storm Ciara (8th February) and storm Bella (26th
December). Figure 69 shows UK daily rainfall totals for
year 2020, including these four dates, with a further high
rainfall total from storm Jorge in late February. The two
notably wet days in late August 2020 were due to storms
Ellen and Francis. Of the 47,000+ days in this series, six

FIGURE 64 Analysis chart at

0600 UTC 21 August 2020

FIGURE 65 Analysis chart at

1200 UTC 25 August 2020
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out of the 20 wettest days, and 25 of the 100 wettest days,
have occurred since 2000.

Christidis et al. (2021) investigated the role of anthro-
pogenic forcing in influencing the UK's wettest day of the
year, with the record rainfall of the wettest day in year
2020 (3 October 2020) estimated to have become about 2.5
times more likely because of human influence on the cli-
mate system. However, while they used the full HadUK-
Grid daily rainfall series from 1891, they acknowledged
the limitations of earlier years in the series due to the
much smaller network prior to 1961 (Figure A1.2).

9 | PRELIMINARY 1991–2020 LONG
TERM AVERAGES

Year 2020 was the last year of the World Meteorological
Organization (WMO) Climatological reference standard
normal for the period 1991–2020 (WMO, 2017). Next
year's report (2021) will use the official averages for this
new 1991–2020 period as the most up-to-date 30-year ref-
erence period, replacing 1981–2010. Normals for the
period 1961–1990 will be retained for ongoing compari-
son. The calculation of UK climate long-term averages is

FIGURE 66 Hourly maximum gust speeds at three exposed coastal locations, Aberdaron (Lleyn Peninsula), Pembrey Sands

(Carmarthenshire) and Needles Old Battery (Isle of Wight)

FIGURE 67 Count of the

number of UK stations by date in

August recording gusts ≥50 Kt, based

on station data from 1970. The 2020

dates are shown in orange
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TABLE 9 Daily rainfall totals October 3, 2020 for selected stations

Station
Daily rainfall
3rd October 2020 (mm)

Previous wettest
October day (mm) Date Record length

Oxford 60.0 49.3 09 October 1875 165

Rothamsted (Hertfordshire) 59.8 55.2 12 October 1993 105

Balmoral (Aberdeenshire) 66.6 53.9 15 October 1976 105

Leuchars (Fife) 60.6 51.2 11 October 2012 98

Wellesbourne (Warwickshire) 48.6 47.4 15 October 2002 65

Benson (Oxfordshire) 43.6 38.8 29 October 2000 65

Preston, Moor Park (Lancashire) 51.6 50.6 27 October 1980 63

London St James's Park 52.4 41.6 15 October 1980 56

FIGURE 69 UK area-average

daily rainfall during 2020. The

wettest days are labelled: C—storm

Ciara, D—storm Dennis, J—storm

Jorge, B—storm Bella, and 3 October

2020. For reference 25 August

25 1986 is also shown

FIGURE 68 UK rainfall totals on 3 October 2020 (30.0 mm), 25 August 1986 (29.9 mm) and 15 February 2020 (27.6 mm). Raindays are

09–09 UTC. Figures in brackets are the UK daily area-average rainfall
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a multi-step process requiring all station data to be
received and quality controlled for 2020 before averages
are calculated by gridding these station long term
average data.

Tables 10 and 11 present the difference between the
1991 and 2020 preliminary long-term averages against
1961–1990 and 1981–2010 for Tmean and rainfall and
Figures 70 and 71 show the mapped differences in annual
averages. These preliminary averages are calculated as an
average of the 30 monthly, seasonal and annual area-
average values for the UK and countries. These prelimi-
nary averages allow key changes from the earlier baseline
reference periods to be identified, since any differences
between the preliminary and final long-term average
values are likely to be small.

The averaging period 1991–2020 is entirely indepen-
dent of the earlier period 1961–1990, whereas it is not
independent of 1981–2010 since it shares two decades in
common—1991–2010—with 1981–1990 being dropped
and 2011–2020 added. Consequently the difference
between 1991–2020 and 1981–2010 will be very much less
than the difference between 1991–2020 and 1961–1990.

Changes in the long-term averages between these refer-
ence periods, particularly 1981–2010, reflect the variabil-
ity of the UK's climate—that is, annual and decadal
variability and whether extreme months, seasons or years
happen to be dropped or added. However, they also pro-
vide a clear indication of the changing nature of the UK's
climate, especially for temperature, where the trend is
much more apparent compared to this variability, than it
is for rainfall.

The UK's annual mean temperature has increased by
0.9�C when comparing 1991–2020 against 1961–1990. All
months and seasons have seen an increase across all
countries. The greatest increases of over 1.0�C have been
in the spring months across England and Wales. The
smallest increases have been in October and December
(the latter e.g., influenced by the exceptionally cold
December 2010). The UK annual mean temperature has
increased by 0.3�C when comparing 1991–2020 against
1981–2010. This is broadly consistent since 0.9�C over
30 years represents approximately 0.3�C per decade, that
is, the relatively rapid rate at which the UK's climate has
warmed over this period. Again, all months and seasons

TABLE 10 Preliminary monthly, seasonal and annual Tmean 1991–2020 long term averages difference (�C) from 1961–1990 and 1981–
2010 for the UK and countries

Difference from 1961–1990 (�C) Difference from 1981–2020 (�C)

Period UK England Wales Scotland N. Ireland UK England Wales Scotland N. Ireland

January 1.0 1.0 0.9 0.9 0.8 0.3 0.3 0.3 0.3 0.2

February 1.2 1.3 1.2 1.2 1.0 0.5 0.5 0.5 0.4 0.4

March 1.1 1.2 1.0 0.9 0.8 0.2 0.2 0.2 0.3 0.1

April 1.2 1.3 1.2 1.1 0.9 0.5 0.5 0.5 0.4 0.3

May 0.9 1.0 1.0 0.8 0.9 0.3 0.3 0.3 0.3 0.3

June 0.7 0.8 0.8 0.5 0.6 0.3 0.3 0.3 0.3 0.3

July 0.9 1.0 0.7 0.9 0.7 0.2 0.2 0.1 0.1 0.1

August 0.9 1.0 0.8 0.8 0.7 0.2 0.2 0.2 0.2 0.2

September 0.8 0.7 0.7 0.8 0.7 0.3 0.2 0.2 0.4 0.2

October 0.3 0.4 0.4 0.2 0.1 0.3 0.3 0.3 0.3 0.2

November 1.0 1.0 0.9 1.0 0.9 0.3 0.3 0.3 0.3 0.2

December 0.4 0.5 0.5 0.3 0.2 0.3 0.4 0.4 0.3 0.2

Winter 0.8 0.9 0.9 0.8 0.7 0.4 0.4 0.4 0.4 0.3

Spring 1.0 1.1 1.1 0.9 0.9 0.3 0.3 0.3 0.3 0.3

Summer 0.8 0.9 0.8 0.7 0.7 0.2 0.2 0.2 0.2 0.2

Autumn 0.7 0.7 0.7 0.7 0.6 0.3 0.3 0.3 0.3 0.2

Year 0.9 0.9 0.8 0.8 0.7 0.3 0.3 0.3 0.3 0.2

Colour key

X >0.95�C 0.95�C > X > 0.45�C 0.45�C > X > 0.25�C X <0.25�C

Note: Differences are calculated based on unrounded values, before rounding is applied.
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have seen an increase across all countries, with the larg-
est increase in February and April across England and
Wales. The greatest warming in annual mean tempera-
ture relative to 1961–1990 has been by more than 1�C
across the east Midlands and East Anglia, with the least
warming around western coastal fringes and parts of
Northern Ireland and Scotland. Warming has been rela-
tively uniform relative to 1981–2010 across the UK; but
slightly lower across south-west England and Northern
Ireland.

The UK's annual average rainfall has increased by 6%
when comparing 1991–2020 against 1961–1990. The
periods October to February and June/July have
increased—resulting in an increase in winter (12%) and
summer (7%)—whereas March and September have
decreased by around 10%—with little change in spring
and autumn overall. Individual extreme months—such
as December 2015, June 2012 or February 2020 are likely
to have had a significant influence on these statistics.
Remarkably, Scotland's average February rainfall has
increased by a third from 1961–1990 to 1991–2020—

although it is possible that this may reflect difficulties in
accurately observing precipitation falling as snow (which
would have been a more common occurrence for the ear-
lier period). The overall increase in UK annual rainfall
may reflect long-term trends in the UK's rainfall, how-
ever, there is a large decadal variability in the UK series
and the period 1961–1990 is relatively dry (Figure 25). In
contrast, the UK's annual average rainfall has only seen a
very small increase compared to 1981–2010. Rainfall has
increased in February, June to August and December but
decreased in March and September.

The largest increases in annual average rainfall of
more than 10% compared to 1961–1990 have mostly been
across Scotland, although most of the UK has become
wetter. The difference from 1981–2010 is generally much
less—with some slight reductions in a few locations, such
as parts of northern Scotland. The relatively speckled
characteristic of the maps may be related to the different
order of the calculation for the preliminary 1991–2020
averages. (These preliminary averages are calculated
from the 30 monthly, seasonal or annual area-average

TABLE 11 Preliminary monthly, seasonal and annual rainfall 1991–2020 long term averages percentage difference from 1961–1990 to

1981–2010 for the UK and countries

Difference from 1961 to 1990 (%) Difference from 1981 to 2020 (%)

Period UK England Wales Scotland N. Ireland UK England Wales Scotland N. Ireland

January 8 3 3 15 −1 0 0 −1 1 −1

February 22 14 14 33 13 9 10 8 9 9

March −8 −13 −9 −3 −5 −10 −9 −12 −11 −9

April 7 0 3 15 11 −1 −4 −2 3 −1

May −1 −4 0 3 1 2 −2 1 6 2

June 8 7 10 8 11 5 5 7 5 7

July 12 13 18 8 25 6 6 6 5 10

August 3 4 1 2 4 5 8 4 3 2

September −10 −4 −9 −14 −13 −5 −2 −5 −9 −4

October 10 17 9 6 −1 −3 −1 −7 −4 −4

November 9 12 7 5 14 2 5 0 0 9

December 10 9 7 12 10 6 6 6 7 6

Winter 12 7 7 18 6 5 4 3 5 4

Spring −1 −6 −3 4 2 −4 −5 −5 −3 −3

Summer 7 8 9 6 12 5 6 6 4 6

Autumn 3 9 3 −1 1 −2 1 −4 −4 0

Year 6 5 4 7 5 1 2 0 1 2

Colour key

X >9.5% 9.5% > X > 4.5% 4.5% > X > −4.5% −4.5% > X > −9.5% X <−9.5%

Note: Percentages are based on unrounded values, before rounding is applied.
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FIGURE 70 Difference (�C) between preliminary 1991–2020 annual average Tmean and earlier periods 1961–1990 and 1981–2010

FIGURE 71 Difference (%) between preliminary 1991–2020 annual average rainfall and earlier periods 1961–1990 and 1981–2010
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values whereas final averages will be calculated as area-
average values from long-term average grids). However,
the varying network of stations through the period may
also be a factor, since over this duration, even relatively
small factors affecting exposure of individual stations
may have an influence. Fundamentally, a degree of noise
is inevitable in these maps as rainfall has a much greater
spatial variability than temperature.

In summary, the UK has been wetter through the
period 1991–2020 compared to 1961–1990, but there is lit-
tle difference from 1981–2010 for the year overall—but
with considerable variation through the months and sea-
sons and some small-scale local variations.

10 | PHENOLOGY

Changes in phenology (recurring events in nature and
their relationships with climate) provide a wide range of
information about the health and functioning of plants
and ecosystems, and their responses to climate. Sparks
and Collinson (2008) provided a brief history of pheno-
logical recording in the UK. Here, we present average UK
changes in two phenological indicators—first leaf and
bare tree dates. These provide an indication of changes in
the timing of nature's response to spring and autumn,

and therefore also the length of the growing season. Elder
and Hawthorn are typically the earliest to unfold their
leaves (in mid- to late-March), followed, about 1 month
later, by Silver Birch and Oak. In comparison, bare tree
dates for these species are more condensed, typically
occurring between mid-to late-November. There is a
weak positive correlation between national growing
degree day estimates (Section 2.2) and the first leaf to
bare tree interval for oak. This, and the potential for a
link with national growing season length estimates,
merits further investigation, although the national-scale
statistics presented in this report will inevitably mask the
complexity of factors affecting the phenological data pres-
ented in this report.

2020 was a year of notably early first leaf dates and
also earlier bare tree dates across the UK of four common
shrub/tree species: Elder, Hawthorn, Silver Birch and
Pedunculate Oak, relative to the 1999–2019 baseline
period (Figure 72, Table 12). Elder first leaf was the earli-
est in its series (15.9 days earlier than the baseline) and
actually occurred in late February. Oak first leaf was also
the earliest in its series (8.9 days earlier than the base-
line). The early first leaf dates were associated with gen-
erally mild conditions through January and February and
some notable warmth and sunshine in April. Bare tree
dates were 3–5 days earlier than the baseline, but overall

FIGURE 72 Mean day of year of

first leaf and bare tree phenology

indicators for four common shrub or

tree species: Elder, Hawthorn, Silver

Birch and Oak, derived from UK

observations contributed to Nature's

Calendar from 1999 to 2020
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the leaf-on season was about 6 days longer than the base-
line because of the greater advance in spring. First leaf
responses to temperature for the four species were
around 6 days earlier for every 1�C increase in mean tem-
perature of the 2 months prior to the month of mean first
leaf. In contrast, tree bare dates in autumn typically
showed a response of about 2–3 days later for every 1�C
increase in October temperature.
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APPENDIX: APPENDICES—STATE OF THE UK
CLIMATE 2020

These appendices provide information about the underly-
ing datasets used in this report. Much of the content is
repeated from previous reports, with only minor updates,
but the appendices are included here in full for reference.
Brief sections on sea surface temperature and wind have
been added.

ANNEX 1: DATASETS 1

NAO index
The Winter North Atlantic Oscillation (WNAO) index is
traditionally defined as the normalized pressure differ-
ence between the Azores and Iceland. This represents the
principal mode of spatial variability of atmospheric pres-
sure patterns in the North Atlantic. The WNAO index
presented in this report is an extended version of this
index based on a series maintained by the University of
East Anglia Climatic Research Unit, using data from sta-
tions in Gibraltar and south-west Iceland (Jones
et al., 1997). These two sites are located close to the cen-
tres of action that comprise the WNAO. Data from these
stations have been used to create homogeneous pressure
series at the two locations which extend back to 1821.
The WNAO index in this report is based on these data
and presented back to 1850, with winter defined as
December to February, to provide consistency with win-
ter statistics presented elsewhere in this report.

For the UK, a positive WNAO index tends to be asso-
ciated with higher temperatures and higher rainfall (R2

values of .56 for winter mean temperature and 0.30 for
winter rainfall based on years 1885–2020 and 1863–2020,
respectively, see Annex 2). This means that over half of
the annual variability for UK winter mean temperature
and almost a third for rainfall may be associated with the
WNAO. Importantly, however, it also implies that
the WNAO is unable to fully explain the variability of UK
winters because the complexity of weather types and
associated temperature and rainfall patterns through the
season cannot be fully accounted for by this single index.
This is because other modes of spatial variability in atmo-
spheric pressure patterns also affect the UK's weather.
For example, the East Atlantic (EA) and Scandinavian
(SCA) patterns—the second and third modes of spatial
variability represented in their positive phases by low
pressure to the west of Ireland and high pressure over
Scandinavia, respectively—also exert an influence (Hall
and Hanna, 2018). The influence of WNAO may also dif-
fer regionally across the UK, for example, for rainfall
across the north-west compared to the south-east, which

overall UK rainfall statistics will tend to smooth out
(West et al., 2018).

The centres of action that define the summer NAO
(SNAO) correspond to grid-point pairs 60N, 5E and 80N,
50W—corresponding to locations to the east of the Shet-
land Islands and in north-west Greenland, respectively
These locations reflect the smaller spatial scale and a
more northerly location of the summer Atlantic storm
track (Folland et al., 2009). Due to the location of these
points a station-based SNAO series cannot be used.
Instead, the SNAO index has been calculated from the
Met Office Hadley Centre's sea-level pressure dataset,
HadSLP2 (Allan and Ansell, 2006) and extended to the
present day using the NCEP reanalysis (Kalnay
et al., 1996). The index is calculated as the difference in
seasonal mean sea-level pressure between these grid-point
pairs for each year from 1850 to 2020 inclusive. Summer
is defined as June, July and August to provide consistency
with summer statistics presented elsewhere in the report.
Note this SNAO definition differs from Folland
et al. (2009) which uses July and August only. For the
UK, a positive SNAO tends to be associated with higher
temperatures and lower rainfall (R2 values of .27 for sum-
mer mean temperature and 0.45 for summer rainfall
based on years 1884–2020 and 1862–2020, respectively).

HadSLP2 is a global dataset of monthly mean sea-
level pressure on a 5� latitude–longitude grid from 1850
to date. The dataset is derived from a combination of
marine observations from ICOADS (International Com-
prehensive Ocean-Atmosphere Data Set) and land (ter-
restrial and island) observations from over 2000 stations
around the globe. The dataset has a step change in vari-
ance in the mid-2000s, with an increased variance after
this relating to when real-time updates from the NCEP
reanalysis fields started.

Monthly, daily and annual grids
The principal source of data in this report is the HadUK-
Grid dataset, comprising monthly and daily gridded data
covering the UK (Hollis et al., 2019). The primary pur-
pose of these data are to facilitate monitoring of UK cli-
mate and research into climate change, impacts and
adaptation. All gridded data are at 1 km resolution. The
grids are based on the GB national grid, extended to
cover Northern Ireland and the Isle of Man, but exclud-
ing the Channel Islands. This dataset is updated annu-
ally. This report uses version 1.0.3.0 of the dataset. The
previous version 1.0.2.0 was used in the State of the UK
Climate 2019 report (Kendon et al., 2020), with version
1.0.2.1 released in November 2019.

Table A1.1 shows the monthly and daily grids from
HadUK-Grid used for this report, including the year from
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which variables are available. Derived annual grids are
also included. The 1 km resolution provides a level of
detail that can reasonably represent smaller-scale local
features of the UK's climate—although inevitably this
will always be constrained by the limitations of the
underlying station network data and so micro-climate
effects may not necessarily be captured. The 1 km resolu-
tion can also be used to explore uncertainties in the
gridding methods, and facilitates re-gridding to new
high-resolution climate model resolutions.

The principal source of UK station data is the Met
Office Integrated Data Archive System (MIDAS) Land
and Marine Surface Stations Database, but this has been
supplemented by further recently digitized historic data
from multiple sources including British Rainfall and Met
Office Monthly and Daily Weather Reports; in total sev-
eral million additional daily and monthly observations of
temperature, rainfall and sunshine from up to 190 sta-
tions. These additional historical data have allowed

monthly temperature to extend back to 1884, monthly
rainfall back to 1862, monthly sunshine back to 1919,
and daily rainfall back to 1891. The extension of these
gridded datasets back to the late 19th century provides an
invaluable longer-term context for the interpretation of
the time-series and variability of the UK's climate.

The HadUK-Grid data extraction and gridding pro-
cess has been carried out in a single batch process. Gen-
erating the entire dataset in this way using a single
process through a managed code base in a consistent
manner eliminates the possibility of inhomogeneities
being inadvertently introduced by changes in the
processing chain over a period of several decades, poten-
tially introducing non-climatic changes to the resulting
dataset.

Daily maxtemp, mintemp and rainfall grids of the UK
have also been generated. Daily temperature has been
gridded back to 1960, with daily rainfall back to 1891 as
described above. With daily data there is often a weaker

TABLE A1 . 1 Monthly and daily variables presented in this report, gridded over the UK at 1 km resolution

Climate variable Definition First year available Gridding time-scale

Max air temperature Monthly average of daily max air temperatures �C 1884 Monthly

Min air temperature Monthly average of daily min air temperatures �C 1884 Monthly

Mean air temperature Monthly average of mean daily max and mean
daily min air temperatures �C

1884 Monthly

Days of air frost Count of days when the min air temperature is
below 0�C

1960 Monthlya

Days of ground frost Count of days when the grass min air
temperature is below 0�C

1961 Monthly

Heating degree days Day-by-day sum of number of degrees by which
the mean temperature is less than 15.5�C

1960 Annualb

Cooling degree days Day-by-day sum of number of degrees by which
the mean temperature is more than 22�C

1960 Annualb

Growing degree days Day-by-day sum of number of degrees by which
the mean temperature is more than 5.5�C

1960 Annualb

Precipitation Total monthly precipitation amount (mm) 1862 Monthly

Days of rain ≥1 mm Number of days with ≥1 mm precipitation 1891 Monthlya

Days of rain ≥10 mm Number of days with ≥10 mm precipitation 1891 Monthlya

Rainfall intensity Total precipitation on days with ≥1 mm divided
by the count of days with ≥1 mm during the
year

1891 Annualb

Sunshine Total hours of bright sunshine during the month
based on the Campbell–Stokes recorder

1919 Monthly

Max air temperature Daily max air temperatures �C 1960 Daily

Min air temperature Daily min air temperatures �C 1960 Daily

Precipitation Daily precipitation amount (mm) 1891 Daily

Note: The table also includes monthly and annual grids derived from daily grids.
aMonthly grids derived from daily grids.
bAnnual grids derived from daily grids.
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link between the data and the geographical factors which
shape the average over a longer time-scale. Metrics in this
report based on the daily rainfall grids are only presented
from 1961, even though these grids extend back to 1891.
This is because of the step-change in station network
density in 1961 (Figure A1.2). The smaller number of sta-
tions before this date means that further work is needed
to determine the extent to which any trends in metrics in
earlier years are influenced by the relatively low station
network density.

Several of the monthly climate variables (days of air
frost, days of rain ≥1 mm and days of rain ≥10 mm) have
been derived from the daily grids (daily mintemp and
daily rainfall, respectively) rather than gridded from
monthly station values directly. This approach has the
advantage of ensuring that these monthly variables are
consistent with the daily grids on which they are based
(which would not be the case if they were gridded from
station data). Because the gridding is at a daily timescale,
we also anticipate that there will be a better overall repre-
sentation of spatial variation in these monthly derived
variables, although this is subject to ongoing research.
Annual degree-day and rainfall intensity grids have also
been derived from daily temperature and daily rainfall
grids, respectively. In contrast, monthly temperature and
rainfall grids are gridded separately from station data,
rather than being derived from daily temperature and
rainfall grids. This means that they are not exactly consis-
tent (indeed observations from monthly rain-gauges can
only go into the monthly rainfall grids)—but in general
differences are small.

The network used for gridding for each variable
changes each month. A key aim of the gridding process is
to remove the impact of these changes in the distribution
of stations on the climate monitoring statistics. This
could be overcome by only using stations with a complete
record, but the sparseness of such stations would

introduce much greater uncertainty due to the spatial
interpolation required. Instead, all stations believed to
have a good record in any month are used, and every
effort made to compensate for missing stations during
the gridding process reducing uncertainty by maximizing
the number of observations used.

Figures A1.1–A1.3 show the number of stations used
for creating monthly and daily grids for each of the vari-
ables. For monthly temperature, the number of stations
varies from fewer than 100 for the period 1884–1900,
increasing to between 200 and 400 from the 1910s to
1950s and reaching a peak of over 500 stations from the
1960s to 1990s, followed by a subsequent decline to below
400 stations in the most recent decade. The number of
stations recording monthly days of ground frost (i.e., with
a grass minimum thermometer) is typically around
100 fewer than air temperature from the 1960s onwards.
The number of monthly sunshine stations rises from
around 150 to almost 400 from the 1920s to 1970,
followed by a steady decline to around 100 stations in the
most recent decade (Figure A1.1). The number of stations
for rainfall shows a fairly steady increase from fewer than
100 in the 1860s to over 800 in the late 1950s
(Figure A1.2a), followed by a step-change to over 4,000
stations from 1961 and a peak of over 5,500 stations in
the mid-1970s, with a subsequent steady decline to fewer
than 3,000 in the most recent decade (Figure A1.2b).

As would be expected the number of stations for daily
temperature over the period 1960–2020 matches that for
monthly temperature (Figure A1.3). However, the num-
ber of daily rainfall stations is significantly fewer than for
monthly rainfall. This may be partly accounted for where
some rainfall data has only been digitized at monthly
timescales (e.g., from the British Rainfall publications),
and in addition due to the presence of some monthly
rain-gauges in the network, principally across upland
areas of the UK (Figure A1.2).

FIGURE A1 . 1 Number of

stations used for gridding—Monthly

maxtemp, mintemp, meantemp

(1884–2020), days of ground frost

(1961–2020) and monthly sunshine

(1919–2020)
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Overall, figures A1.1–A1.3 also emphasize the scope
for further data recovery/digitization work, since the
increase in station numbers in 1961 reflects an increase
in digitized data since this date, but not an increase in
the underlying observation network; many records held

in paper archives are yet to be recovered. Major Citizen
Science data recovery projects such as the University of
Reading Rainfall Rescue Project have highlighted the
potential to contribute large improvements in station net-
work coverage in earlier years in the series. This is

FIGURE A1 . 2 Number of

stations used for monthly/daily

rainfall (a) 1862/1891–2020 and
(b) 1862/1891–1960, with the step

change from <1,000 stations to

>4,000 stations occurring in 1961

FIGURE A1 . 3 Number of

stations used for daily temperature

1960–2020. The number of stations is

very similar to monthly maxtemp

and monthly mintemp as shown in

Figure A1.1
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ongoing work and such data will continue to feed into
future versions of this report.

The approximate total number of station values used
to generate the grids for each variable is given in
Table A1.2. In total well over 100 million station values
have been used to generate the HadUK-Grid dataset, with
more than 90% of these accounted for by daily tempera-
ture and daily rainfall. Note however, that for monthly
variables (e.g., monthly mean maximum temperature), the
majority of the monthly station values will have them-
selves been derived from daily station values (e.g., daily
maximum temperature). So in practice the number of sta-
tion values used to generate the grids will differ from the
number of station observations extracted from the MIDAS
database or the other recently digitized data sources.

Figure A1.4 shows the state of the UK's observing net-
work in 2020. The networks are designed and maintained
to achieve a good spatial coverage with stations represen-
tative of all areas of the UK. Due to the high spatial varia-
tion in rainfall, the network is much denser than for
other variables, but even so highly localized events may
still be missed. While the majority of the UK is reason-
ably well covered, some areas, notably western Scotland,
are more data-sparse than others, but these also tend to
correspond to areas with a smaller population. Coverage
for some variables (notably sunshine) may considerably
reduce if data for an individual station is missing, and
where surrounding stations struggle to cover the gap—
there is limited redundancy in the network. Overall how-
ever, even though the current number of stations may be
fewer than in earlier decades (e.g., the 1970s), the spatial
distribution of stations is more even, and so there is an
improvement in the overall network's ability to capture
the spatial characteristics of climate variables over that
day, month, season or year.

Long-term average grids
Areal averages for the WMO standard 30-year climatolog-
ical reference periods 1961–1990 and 1981–2010

presented in this report have been calculated from long-
term average monthly gridded datasets at 1 km resolution
covering the UK (Hollis et al., 2019). The process for pro-
ducing these grids is outlined as follows: For the majority
of variables, long-term averages for each station are cal-
culated from monthly station data. Gaps in individual
months at stations are filled with estimates obtained via
regression relationships with a number of well-correlated
neighbours, and long-term averages are then calculated
for each site. Gridded datasets of long-term averages are
created by regression against latitude, longitude, eleva-
tion, terrain shape, proximity to coast and urban extent,
followed by inverse-distance weighted interpolation of
residuals from the regressions. The estimation of missing
values allows a dense network of stations to be used, and
this along with the range of independent variables used
in the regression, allows detailed and accurate long-term
average datasets to be produced. These are then used to
constrain the gridded analyses for individual years, sea-
sons, months and days via the geographical interpolation
of deviations from, or ratios of, the long-term average.

However, this method does not work well for a num-
ber of variables, including days of air frost and ground
frost, and an alternative approach is used. Here, the
gridded long-term average datasets are obtained by aver-
aging the monthly grids.

Table A1.3 shows the approximate number of stations
used to generate the HadUK-Grid long-term average
grids for the period 1981–2010, compared to the
average number of stations per monthly grid over the
same period. For monthly maxtemp, rainfall and sun-
shine there are typically two to three times more stations
used for the long-term average grids than for the monthly
grids for these variables.

Because the long-term average grids are obtained by
gridding long-term average station data directly (‘average
then grid’) rather than calculated from the monthly grids
(‘grid then average’) the long-term averages are not
exactly consistent with the monthly analyses. This is both
because the order of the calculation differs, and because

TABLE A1 . 2 Approximate total number of observations used for each variable

Climate variable Number of years Number of grids
Average number of
stations values per grid

Total number of
station values

Monthly maxtemp 137 1,644 358 590,000

Monthly rainfall 159 1,908 1819 3,470,000

Monthly groundfrost 60 720 392 280,000

Monthly sunshine 102 1,224 249 300,000

Daily maxtemp 61 22,280 519 11,560,000

Daily rainfall 130 47,483 1,889 89,700,000
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the station network will be very much denser for the
long-term average grids than the monthly grids due to
the infilling process used when calculating station long-
term averages. Table A1.4 compares 1981–2010 long-term
average annual mean temperature and rainfall as derived
from 1 km long-term average grids, and from the 360 indi-
vidual monthly 1 km grids. For temperature, the differ-
ence of 0.02�C for the UK overall is much smaller than
the difference of 0.6�C between 1961–1990 and 1981–
2010 1 km long-term averages. For rainfall, the difference

FIGURE A1 . 4 State of the UK observing network in 2020. The number of observations is indicative as these may vary on a daily basis

due to data availability

TABLE A1 . 3 Number of stations used to generate long-term

average grids

Climate
variable

Number of station
values per monthly
long-term average
grid (1981–2010)

Average number of
station values per
monthly grid over
period 1981–2010

Air temp 1,202 538

Rainfall 9,657 3,847

Sunshine 617 226
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of 0.6% is also much smaller than the difference of 5%
between the 1961–1990 and 1981–2010 1 km long-term
averages. These “order of operation” differences are gen-
erally small because the long-term average and individual
monthly grids are at the same resolution (both 1 km), so,
although the values are not exactly equal, the dataset is
reasonably self-consistent.

Annual degree days
Degree-day datasets were generated from the daily temper-
ature grids, as indicated in Table A1.1, using formulae
given in Tables A1.5 and A1.6. The daily mean temperature
Tmean is calculated from the daily maximum temperature
Tmax and the daily minimum temperature Tmin as
(Tmax + Tmin)/2. The degree-day value is estimated differ-
ently depending on which of Tmax, Tmean or Tmin are
above (for Cooling Degree Days and Growing Degree Days)
or below (for Heating Degree Days) the defined threshold.

Consistency and quality control
Quality control of station observations held in the Met
Office Integrated Data Archive System (MIDAS) data-
base is the responsibility of the Met Office Observations
Quality Management (OBQM) team. This team runs a
suite of both automated and manual quality control
checks on MIDAS, which is the source of the majority
of the station data used in HadUK-Grid. The other digi-
tized data sources have also had quality checks at time
of digitization where possible. For example, tables of
monthly rainfall published in British Rainfall also
include annual totals, so the latter can be used as a
“closure check” on the monthly totals. Development of
the HadUK-Grid dataset and improvement in quality
control processes to remove as much suspect data as
possible, whilst avoiding the removal of good data,
remains an active area of research and development

and will feed into future versions. Further details are
beyond the scope of this report.

The HadUK-Grid dataset uses open-source ancillary
files for terrain elevation, proximity to coast and urban
land use that are used within the interpolation scheme,
which provides traceability. The dataset is also version
controlled—including a version-controlled numbering
system, so State of the UK Climate publications can all
be linked to a specific version of the dataset. This report
uses version 1.0.3.0 of the HadUK-Grid dataset. Details

TABLE A1 . 4 Comparison of 1981–2010 long-term average annual mean temperature and rainfall as derived from 1 km long-term

average grids and individual monthly grids

Area

Temperature—
Long-term
average (�C)

Temperature—Long-
term average derived
from monthly grids

Difference
(�C)

Rainfall—
Long-term
average (mm)

Rainfall—Long-term
average derived from
monthly grids

Difference
(%)

UK 8.84 8.86 0.02 1,150 1,142 −0.6

England 9.65 9.65 −0.01 853 850 −0.4

Wales 9.12 9.14 0.02 1,463 1,446 −1.2

Scotland 7.39 7.45 0.06 1,563 1,551 −0.8

Northern
Ireland

8.91 8.91 0.00 1,136 1,132 −0.3

Note: Differences are calculated from unrounded values.

TABLE A1 . 5 Formulae used for calculating cooling or

growing degree days above thresholds of 22 and 5.5�C

Condition: daily Tmax Tmin

and Tmean above or below
Tthreshold Degree-day value

Tmax ≤ Tthreshold 0

Tmin ≥ Tthreshold Tmean − Tthreshold

Tmean ≥ Tthreshold and
Tmin < Tthreshold

0.5 (Tmax − Tthreshold) −
0.25 (Tthreshold − Tmin)

Tmean < Tthreshold and
Tmax > Tthreshold

0.25 (Tmax − Tthreshold)

TABLE A1 . 6 Formulae used for calculating heating degree-

days below a threshold of 15.5�C

Condition: Daily Tmax Tmin

and Tmean above or below
Tthreshold Degree-day value

Tmin ≥ Tthreshold 0

Tmax ≤ Tthreshold Tthreshold − Tmean

Tmean ≤ Tthreshold and
Tmax > Tthreshold

0.5 (Tthreshold − Tmin) −
0.25 (Tmax − Tthreshold)

Tmean > Tthreshold &
Tmin < Tthreshold

0.25 (Tthreshold − Tmin)
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of the HadUK-Grid dataset are provided in Hollis
et al. (2019).

Areal series
The monthly series for the UK and countries are calcu-
lated as area-averages derived from the 1 km monthly
gridded datasets. Each monthly value is an average of all
the individual 1 km grid point values which fall within
the UK or country. The seasonal and annual series in
turn are calculated from the monthly areal series. This
approach enables a single statistic to be produced for
each area (UK or country) from each grid, despite the fact
that the UK's climate has a very high degree of spatial
variation (e.g., with elevation). These statistics are self-
consistent through time. In the same way, long-term
averages are calculated as an average of all the individual
1 km long-term average grid points which fall within the
UK or country. Daily area-averages have similarly been
calculated from the 1 km daily gridded datasets.

Statistics for the UK and countries are useful for mon-
itoring annual variability, trends and extremes but inevi-
tably may mask considerable spatial variation across the
area as shown in the anomaly maps.

Central England Temperature
The Central England Temperature (CET) monthly series,
beginning in 1659, is the longest continuous temperature
record in the world (Manley, 1974). It comprises the mean
of three observing stations covering a roughly triangular
area of England from Bristol to London to Lancashire; the
current stations used for this series are Pershore College
(Worcestershire), Rothamsted (Hertfordshire) and
Stonyhurst (Lancashire) although the stations used in this
series have changed in the past. A CET daily series is also
available from 1772 (Parker et al., 1992).

Following each station change the data are adjusted
to ensure consistency with the historical series by ana-
lysing periods of overlap between stations, and since 1974
the data have been adjusted to allow for any artificial
warming effects due to the expansion of local built-up
areas. Parker and Horton (2005) and Parker (2010) have
investigated uncertainties in the CET series.

Global surface temperature
HadCRUT5 is a gridded dataset of global historical sur-
face temperature anomalies relative to a 1961–1990 refer-
ence period. Data are available for each month from
January 1850 (Morice et al., 2021). The HadCRUT5
dataset of global surface temperature comprises a blend
of the CRUTEM5 land-surface air temperature dataset

(Osborn et al., 2021) and the HadSST4 sea-surface tem-
perature dataset (Kennedy et al., 2019). CRUTEM5
anomaly fields are based on a compilation of monthly-
mean temperature records from a global network of sev-
eral thousand weather stations. HadSST is produced by
taking in situ measurements of SST from ships, moored
and drifting buoys, stored in the International Compre-
hensive Ocean-Atmosphere Data Set (ICOADS). The
HadCRUT5 global average values are calculated as the
‘best estimate’ mean of 200 ensemble member realiza-
tions. HadCRUT5 is one of several global surface temper-
ature datasets, with others produced by NOAA, NASA
and Berkeley Earth.

Sea-surface temperature data
The Met Office Hadley Centre's sea ice and sea surface
temperature (SST) data set, HadISST1 is a global dataset
of monthly SST and sea ice concentration on a 1�

latitude–longitude grid from 1870 to date (Rayner
et al., 2003). The dataset is derived from a combination of
fixed and drifting buoys, ship bucket and engine room
intake thermometers and hull sensors; and satellite data.
The UK near-coast SST series in this report comprises the
average of all 1� latitude–longitude grid cells adjacent to
the coast of Great Britain (approximately 50 grid cells).
These grid cells were selected to ensure that all the main
UK landmass falls within this area (Figure A1.5).

England and Wales precipitation series
The England and Wales precipitation series (EWP) has
monthly data back to 1766, and is the longest instrumental
series of this kind in the world. The daily EWP series
begins in 1931. The series incorporates a selection of long-
running rainfall stations to provide a homogeneity-adjusted
series of areal-averaged precipitation. EWP totals are based
on daily weighted totals from a network of stations within
each of five England and Wales regions.

FIGURE A1 . 5 1� grid cells from HadISST1 used to calculate

UK near-coast SST
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The extent to which seasonal trends apparent in the
EWP series are influenced by homogeneity issues
(e.g., the number of stations used historically to compile
the EWP series, how well the network has historically
captured orographically enhanced rainfall across high
ground, how well the network has historically captured
precipitation which has fallen as snow) remains an area
of investigation, and trends in the series should be treated
with caution (Murphy et al., 2020). Various articles detail
the development of the EWP series (Wigley et al., 1984;
Alexander and Jones, 2001; Simpson and Jones, 2012).

Rain gauge and snow depth data
Daily rainfall data presented in this report are 0900–0900
UTC totals from either daily or tipping-bucket rain-
gauges registered with the Met Office. The rain-gauge
network has diminished from over 4,000 rain-gauges
across the UK in the 1960s to between 2,500 and 3,000 in
the 2010s. The gauges are owned and maintained by sev-
eral organizations: the Met Office, the Environment
Agency, Natural Resources Wales, SEPA and Northern
Ireland Water. The spatial distribution of the network
has changed with time but nevertheless the high
network density ensures that all but the most localized
convective events are captured at a daily time-scale.

Snow depth data are recorded at 0900 UTC. These are
either spot observations from automatic snow depth sen-
sors or manual observations of representative level depth
in a location free from drifting or scour by wind; ideally
the average of three measurements would be recorded.
The network comprised over 400 stations from 1960 to
2000 but has subsequently reduced to around 200 stations
in 2020.

Sunshine data
The UK's sunshine network in 2020 comprises two
instrument types: approximately 40% Campbell–Stokes
(CS) sunshine recorders which are read manually; the
remainder Kipp & Zonen CSD-1 (KZ) automatic sun-
shine recorders. An upwards adjustment of KZ totals is
made to give a monthly ‘CS equivalent sunshine’. This
ensures that the full sunshine network (automatic and
manual) is used while maintaining consistency between
the two instrument types. Legg (2014a) and references
therein provide further details.

Wind data
Wind speeds are measured by cup anemometers located
on a standard 10m height mast. The rate of rotation is
proportional to the speed of the wind. At mountain

stations, wind speeds are measured by heated sonic ane-
mometers which have no moving parts and avoid poten-
tial problems with icing.

Sea level data
Sea-level changes around the British Isles are monitored
by the UK national network of tide gauges; for 2020 this
network comprised 42 stations. For more than 100 years
tide gauges have provided measurements of sea-level
change relative to the Earth's crust. However, tide gauges
are attached to the land, which can move vertically thus
creating an apparent sea level change. A UK sea level
index for the period since 1901 computed from sea
level data from five of these stations (Aberdeen, North
Shields, Sheerness, Newlyn and Liverpool) provides the
current best estimate for UK sea level rise, excluding the
effect of this vertical land movement. The records from
each station are combined after removing the long-term
trend from each to account for varying vertical land
movement rates across the country. After aggregating the
records, the calculated country-wide average rate of
1.4 mm�year−1 is reintroduced (Woodworth et al., 2009a;
Bradley et al., 2011). Trends in the index are calculated
using the CATS (Create and Analyse Time Series) pack-
age described in Williams, 2008, which produces realistic
estimates of uncertainty by accounting for autocorrela-
tion in the series.

For comparison, recent work (Hogarth et al., 2020) has
produced a ‘Final Common Mode’ UK sea level index
based on an expanded set of 48 tide gauge records, and
using extra metadata and records of maintenance recovered
from archives to extend existing sea level records. The two
indices are complementary, however, not strictly compara-
ble as the Hogarth et al. series also removes the effects of
seasonal cycles, tides, and storm surges. Nevertheless, the
fitted trend of 2.4 ± 0.3 mm�year−1 in the Hogarth et al.
index is in broad agreement with the 1.8 ± 0.3 mm�year−1
of the index described here over the period 1958–2018. Sim-
ilarly, the Hogarth index shows higher acceleration over
the same period of 0.058 ± 0.030 mm�year−2, compared to
0.034 ± 0.019 mm�year−2 here, but again, results agree
within the margin of errors.

As mentioned in Woodworth et al. (2009a), the net-
work of 42 stations falls under the responsibility of the
Environment Agency (it is no longer operated by
the Proudman Oceanographic Laboratory). Only five sites
date back to the beginning of the 20th century: the others
did not begin until the 1950s. In creating the long-term
index, we follow Woodworth's approach, which only uses
data from the long-term series. Woodworth et al. (2009a),
which is based on data from up to 2006, notes that
throughout the course of the record, at least three of the
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five stations are present for all years apart from three,
the last of which was 1915. Unfortunately, from 2007
onwards, there have been more gaps in observations for
the five stations. We are unable to add a value for 2020 as
the five stations were either damaged or not producing cli-
mate quality data for sustained periods throughout the
year. A UK national report in 2019 for the biannual Global
Sea Level Observing System (GLOSS) meeting provides
more information about issues with the network, available
at https://www.jcomm.info/index.php?option=com_oe&
task=viewDocumentRecord&docID=24144

Phenology data
Nature's Calendar, run by the Woodland Trust, has been
collating information on the timing of the seasons for
over 20 years. Furthermore, it has built up a considerable
database of older data, derived from a number of sources.
Current data, recorded by citizen scientists across the
UK, identify dates on which particular phenological
events are observed. Here, we show UK mean dates for
the first unfolded leaf (‘first leaf’) in spring and first bare
tree (‘bare tree’) in autumn for four common shrub or
tree species: Elder (Sambucus nigra); Hawthorn
(Crataegus monogyna); Pedunculate Oak (Quercus robur);
Silver Birch (Betula pendula).

First leaf and bare tree dates for the baseline period,
1999–2019, derived from annual means, are compared
with those for 2020. To assess the relationships with tem-
perature, we have compared the 1999–2020 annual mean
dates for first leafing to monthly CET for the month
incorporating the mean date and the preceding 2 months.
We report the response to a 1�C increase in the months
that were significantly associated with first leafing date.
We also compare 1999–2020 annual means of bare tree
dates to October mean CET, since experience has shown
that the influential window for autumn events is much
shorter. CET provides a reasonable representation of the
inter-annual temperature variations across the UK, for
comparison with the UK-wide phenology indicators.

ANNEX 2: TIME-SERIES, TRENDS AND
UNCERTAINTY 2

Time-series and trends shown in this report
The time-series in this report are plotted on either actual or
anomaly scales. The plots with anomaly scales often show
several different areas, seasons or variables which are offset
for clarity and ease of comparison; the offsets do not reflect
absolute differences between the time-series.

The time-series shown throughout are plotted showing
the annual series and a smooth trend. This means that

both annual variability and longer-term trends (removing
this short-term variability) can be viewed simultaneously.
Importantly, we note that for some series there may be few
individual years that fall close to this long-term trend; and
many or even most years may fall well above or well below.
Most time-series plots also include the 1981–2010 and
1961–1990 long-term averages.

The smooth trend-lines are constructed using a
weighted kernel filter of triangular shape, with 14 terms
either side of each target point. The kernel defines how
much weighting the terms either side of a point in the
series have in estimating the smoothed average at that
point; in this case the triangular shape using 14 data
points either side means that data points further away
have less influence. The effect is to smooth out the year-
to-year variations and estimate any longer-term varia-
tions in the data. The kernel is reflected at the ends of the
time series so the trend lines cover the full length of
the series. However, this process of reflection will tend to
damp any trends at the ends of the time series, so the
trend line for the first and last decade of each series
should be interpreted cautiously. The method of creating
smoothed trend-lines using a ‘non-parametric regression’
is described in Mudelsee, 2019, who describes the advan-
tages and disadvantages of various possible statistical
approaches in trend analysis of climate time-series.

Climate records at individual stations may be
influenced by a variety of non-climatic factors such as
changes in station exposure, instrumentation and observ-
ing practices. Issues of changing instrumentation and
observing practices will tend to be of greater importance
early in the series, particularly before the 20th Century.
In contrast, station exposure issues related to urbaniza-
tion, which may for example, affect temperature-related
variables, may be of greater importance in the late part of
the series from the mid-20th Century, although this is
likely to vary on a station by station basis—for example,
whether a station is located in the centre of a large city or
nearer the periphery, the latter being more likely to have
changed over time. Identifying and correcting for such
factors in climate monitoring is referred to as homogeni-
sation. Some homogenisation has been undertaken for
some series presented in this report, such as the CET
record, and the adjustment of sunshine records described
in Annex 1. For most variables however, the individual
station data in this report have not been explicitly
homogenized to account for these non-climatic factors.

We note that the 1961–1990 and 1981–2010 averages
presented are not exactly consistent with the average of
the yearly data through the same period (see Annex 1 dis-
cussion on long-term averages and Table A1.4), although
in practice any differences are small. We use averages
derived from 1961–1990 and 1981–2010 gridded data
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because they contain the most comprehensive set of sta-
tions, and thus represent our best estimate of these
climatologies.

Uncertainty estimates
Earlier studies have considered uncertainties in the
gridded data and areal-averages based on a 5 km ‘legacy’
gridded dataset previously used for UK climate monitor-
ing (Legg, 2011; Legg, 2015). The HadUKGrid 1 km
gridded dataset, while at a different resolution, uses the
same method of interpolation, and a key source of uncer-
tainty in both datasets is associated with spatial
sampling—that is, the density of the observation net-
work, which is the same in both cases. We therefore
anticipate the uncertainty estimates for HadUK-Grid
associated with spatial sampling to be similar to those of
the 5 km gridded dataset. The uncertainty estimates in
these studies have been adjusted upwards to acknowl-
edge other sources of error, for example, observational
errors such as random errors in instrument readings, cali-
bration errors or structural uncertainty (the latter imply-
ing that alternative methods of analysis may produce
slightly different results). Legg (2015) published uncer-
tainty ranges for areal-averages of monthly mean temper-
ature, rainfall and sunshine; these increase in the past as
the network density reduces.

Table A2.1 lists 1σ uncertainty (standard error) ranges
for annual mean temperature, rainfall and sunshine for
different periods in the legacy 5 km gridded dataset.
Indicative date periods are presented here. These corre-
spond to: the earliest years in the 5 km dataset where the
availability of station data was generally lowest and
uncertainty highest; a period in the dataset around the

1960s which for rainfall corresponds to a step increase in
availability of station data and corresponding decrease in
uncertainty; and a relatively recent period in the dataset
indicating current uncertainty. More comprehensive
tables covering the full date range can be found in
Legg (2015). We have applied a conservative reduction
factor of √2 to convert monthly uncertainty ranges to
annual. Uncertainty associated with individual months of
the year cannot be considered independent but it is rea-
sonable to assume that winter half-year biases are likely
to be different in nature from summer half-year biases
(Parker, 2010). Seasonal uncertainty ranges are likely to
be similar to monthly uncertainty ranges presented in
Legg (2015). Uncertainties in the CET and EWP series
have also been investigated elsewhere (Parker and
Horton, 2005; Parker, 2010; Simpson and Jones, 2012).

Uncertainties in areal rainfall statistics may poten-
tially be large for small (county-sized) areas early in the
series due to the relatively small number of stations
pre-1900. Rainfall will be affected to a much greater
extent than temperature due to the much greater spatial
variation, whereas temperature tends to be a much
smoother varying field. This means that ranking of
years (e.g., the wettest autumn in the series for county
X) may change if more observations were added to the
dataset in the future. Further work is required on the
HadUK-Grid dataset to assess the uncertainties in
areal-average statistics relative to station network den-
sity and area size.

The summary rainfall statistics for the UK and coun-
tries presented in this report are based on an areal aver-
age of the rainfall total in mm, rather than an areal
average of the rainfall anomaly field as a percentage. This
is judged to be the simpler and more readily

TABLE A2 . 1 1σ uncertainty

(standard error) ranges for annual

Tmean, rainfall and sunshine

Temperature (�C)
Year range UK England Wales Scotland Northern Ireland

1910–1919 0.04 0.04 0.06 0.06 0.08

1961–1965 0.03 0.03 0.04 0.03 0.04

2006–2012 0.03 0.03 0.04 0.04 0.04

Rainfall (%)
Year range UK England Wales Scotland Northern Ireland

1910–1919 1.2 1.2 3.0 2.8 3.7

1961–1965 0.3 0.3 0.6 0.5 0.8

2006–2012 0.4 0.4 0.9 0.7 1.6

Sunshine (%)
Year range UK England Wales Scotland Northern Ireland

1929–1935 0.7 0.8 1.0 1.0 1.6

1959–1964 0.6 0.8 0.9 0.8 1.4

2005–2012 0.7 0.9 1.1 1.1 1.8

74 KENDON ET AL.
2704  



comprehensible statistic for the majority of users and is
directly proportional to the total volume of rainfall across
the country. However, it means that climatologically wet-
ter areas of the UK have a greater influence on the over-
all UK summary statistic than the drier areas, rather than
all equal-sized areas having equal influence (as would be
the case using an areal average of the rainfall anomaly
field). This introduces uncertainty because the rank of
each year relative to the others may vary depending on
which of these two metrics is chosen (Kendon and
Hollis, 2014). It may also influence any trend in overall
UK rainfall if this varies spatially between climatologi-
cally wetter and drier parts of the UK.

A further source of uncertainty in the rainfall data is
introduced by measurement of precipitation which has
fallen as snow. At manually read rain gauges the observer
will measure precipitation equivalent of fresh snow fallen
at 0900 UTC, whereas at automatic rain gauges any snow
collected will be recorded when it subsequently melts;
quality control of these data may then re-apportion this
precipitation to previous days. However, inevitably snow
measurement can be problematic, for example, if wind
eddies may carry snow over or blow it into or out of the
gauge, in many situations estimation of precipitation
from snow may be either underestimated or over-
estimated. However, this now tends to be usually less of a
problem than during colder, snowier years of earlier
decades.

Coefficient of determination
The coefficient of determination, R2, is the square of the
correlation coefficient, R, between a predictor variable and
a dependent variable based on linear least-squares regres-
sion. The R2 value is a statistical measure of how closely
the dependent variable can be predicted from the predictor
variable. An R2 value of 1 would indicate a perfect correla-
tion, in which the dependent variable can be predicted
without error from the predictor variable. An R2 value of
0 would mean the predictor variable has no predictive
value for the dependent variable. An R2 value of .5 would
mean that 50% of the variance in the dependent variable
can be explained by variations in the predictor variable. R2

values exceeding .9 for time-series in this report would
indicate that they are very highly correlated.

Rounding
Values quoted in tables throughout this report are
rounded, but where the difference between two such
values is quoted in the text (e.g., comparing the most
recent decade with 1981–2010), this difference is calcu-
lated from the original unrounded values.

ANNEX 3: USEFUL RESOURCES 3

Met Office
Annual State of the UK climate publications from 2014
http://www.metoffice.gov.uk/climate/uk/about/state-of-
climate

UK climate information http://www.metoffice.gov.
uk/climate

HadUK-Grid information https://www.metoffice.gov.
uk/climate/uk/data/haduk-grid/haduk-grid

The CET dataset is maintained by the Met Office
Hadley Centre and can be downloaded at http://www.
metoffice.gov.uk/hadobs/hadcet/

The EWP dataset is maintained by the Met Office
Hadley Centre and can be downloaded at http://www.
metoffice.gov.uk/hadobs/hadukp/

The HadISST1 dataset is maintained by the Met
Office Hadley Centre and can be downloaded at http://
www.metoffice.gov.uk/hadobs/hadisst/

The HadSLP2 dataset is maintained by the Met Office
Hadley Centre and can be downloaded at https://www.
metoffice.gov.uk/hadobs/hadslp2/

The HadCRUT5 dataset is maintained by the Met
Office Hadley Centre and can be downloaded at https://
www.metoffice.gov.uk/hadobs/hadcrut5/

Met Office DataPoint (for application developers)
https://www.metoffice.gov.uk/datapoint

Met Office UK Storm Centre Name our Storms
project https://www.metoffice.gov.uk/weather/warnings-
and-advice/uk-storm-centre/index

Further information on data products available from
the Met Office may be obtained by contacting the Customer
Centre http://www.metoffice.gov.uk/about-us/contact

External links
The Met Office is not responsible for the content of exter-
nal internet sites

Access to HadUK-Grid dataset (open access) https://
catalogue.ceda.ac.uk/uuid/
4dc8450d889a491ebb20e724debe2dfb

Access to a copy of the Met Office Midas database is
available to researchers on registration at http://
catalogue.ceda.ac.uk/uuid/220a65615218d5c9cc9e4785a
3234bd0

Bulletin of the American Meteorological Society
(BAMS) State of the Climate Report https://www.ncdc.
noaa.gov/bams

WMO Annual Bulletin on the Climate in region VI
(Europe and Middle East) https://www.dwd.de/EN/
ourservices/ravibulletinjahr/ravibulletinjahr.html

Centre for Ecology and Hydrology, National Hydro-
logical Monitoring Programme, Monthly Hydrological
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Summaries for the UK http://nrfa.ceh.ac.uk/monthly-
hydrological-summary-uk

Copernicus Climate Change Service (C3S) (2017):
ERA5: Fifth generation of ECMWF atmospheric
reanalyses of the global climate . Copernicus Climate
Change Service Climate Data Store (CDS), date of access.
https://cds.climate.copernicus.eu/cdsapp#!/home

Environment Agency Water Situation Reports for
England https://www.gov.uk/government/collections/
water-situation-reports-for-england

Marine Climate Change Impact report cards http://
www.mccip.org.uk/impacts-report-cards/full-report-cards/

National Tidal and Sea Level Facility UK National
Tide Gauge Network (owned and operated by the Envi-
ronment Agency) http://www.ntslf.org/data/uk-network-
real-time

Natural Resources Wales Water Situation
Reports for Wales https://naturalresources.wales/about-

us/what-we-do/water/resources/water-situation-report-2019/
?lang=en

Public Health England heatwave mortality
monitoring reports https://www.gov.uk/government/
publications/phe-heatwave-mortality-monitoring

Scottish Avalanche Information Service annual
reports of the winter season http://www.sais.gov.uk/sais-
annual-reports/

University of East Anglia Climatic Research Unit
North Atlantic Oscillation (NAO) data https://crudata.
uea.ac.uk/cru/data/nao/

University of Reading Rainfall Rescue Project https://
www.zooniverse.org/projects/edh/rainfall-rescue

Weather at Oxford in 2020 https://www.geog.ox.ac.
uk/research/climate/rms/report20.pdf

WMO guide to climatological practices https://
www.wmo.int/pages/prog/wcp/ccl/guide/guide_climat_
practices.php
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Executive summary 
BEIS publishes annual projections of UK energy demand and greenhouse gas 
emissions1. This year, we have extended the projections to 2040 (from 2035 in EEP 
2018). We base the estimates in this report and associated annexes on policy 
analysis from August 2019 and modelling from March 2020. We completed the latter 
before the coronavirus (Covid-19) pandemic. Therefore, our projections take no 
account of the impacts of this on future energy demand or emissions. 

The Climate Change Act2, passed in 2008, committed the UK to reducing 
greenhouse gas emissions by at least 80% by 2050 in comparison with baseline 
levels3. It also established a system of legally-binding carbon budgets which limit the 
country’s net greenhouse gas emissions in successive five-year periods. In June 
2019, the UK became the first major economy to commit to reducing emissions to 
Net Zero by 20504. 

The Energy and Emissions Projections (EEP) are one way we monitor progress 
towards the UK’s legislated targets. Between the baseline and 2018, the UK cut 
emissions by 346 MtCO2e or 43%. We project that they will fall a further 24% to 344 
MtCO2e in 2040. 

Each year, BEIS updates the projections to incorporate new evidence, policy 
development and methodology improvements. The new projections for UK territorial 
emissions are higher than in the previous edition (EEP 2018) for the third and fourth 
carbon budget period but lower for the fifth carbon budget period. UK territorial 
emissions include both emissions which fall under the EU Emissions Trading System 
(EU ETS), or “traded” emissions, and emissions outside this system (“non-traded” 
emissions). Traded emissions include almost all power sector emissions, domestic 
aviation (from 2012/13 onward) and energy-intensive industrial sectors. These do not 
directly affect performance against carbon budgets5. 

 

1 We use the Global Warming Potentials (GWPs) from Table 2.14 of Working Group 1 of the IPCC 
Fourth Assessment Report: Climate Change 2007: AR4 GWPs. See: 

https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf 
This is consistent with the Greenhouse Gas Inventory and BEIS emission statistics.  
2 See this link: 

http://www.legislation.gov.uk/ukpga/2008/27/contents/enacted 
3 The base year for comparison is 1990 for CO2, CH4 and N2O, and 1995 for fluorinated gases: 

https://www.legislation.gov.uk/ukpga/2008/27/contents 
4 The amendment is here: 

http://www.legislation.gov.uk/uksi/2019/1056/article/1/made 
5 Carbon budget performance is measured by the Net Carbon Account. In this calculation, emissions 
from the traded sector are set equal to the UK’s share of the EU ETS cap (the total emissions 
permitted in the Emissions Trading System) rather than actual traded emissions. Further information 
on Net Carbon Account calculation can be found in Box 1. 
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Compared with EEP 2018, non-traded emissions projections are higher and traded 
emissions projections are lower. We explain the main reasons for specific changes in 
Chapter 6. 

Because performance against carbon budget targets depends only on non-traded 
emissions, the projected shortfall between performance and carbon budget targets 
has risen since EEP 2018. We give more details about this in Chapter 2: this 
summarises the emissions projections and explains what this means for 
performance against carbon budgets.
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1 Introduction 

• This report contains projections of performance against UK greenhouse gas 
(GHG) carbon budget targets under existing policies. 

• The Government sets legally binding carbon budgets for five-year periods. They 
aim to make sure the UK reaches its target of net zero emissions by 2050. 

• The Net Carbon Account measures performance against carbon budgets. This 
primarily depends on the level of non-traded emissions. These are emissions not 
covered by the European Union Emissions Trading System (EU ETS). 

• The legislated carbon budgets so far are: CB1 (2008 to 2012); CB2 (2013 to 
2017); CB3 (2018 to 2022); CB4 (2023 to 2027); and CB5 (2028 to 2032). The 
Committee on Climate Change will advise the Government about the level for CB6 
(2033 to 2037) in December 2020. The Government must set this budget by June 
2021. 

1.1 About this document 

This report sets out the 2019 Energy and Emissions Projections6: EEP 2019. It includes a 
comparison with the previous edition (EEP 2018, published in April 2019). For this edition, we 
have extended the projections to 2040: in EEP 2018 the last projection year was 2035. We 
completed the modelling before the coronavirus (Covid-19) pandemic. Therefore, our 
assumptions and modelling take no account of any impacts this may have on future energy 
demand or emissions. 

These projections bring together statistical and modelled information from many different 
sources7: 

• The main source of energy consumption data is the annual Digest of UK Energy 
Statistics (DUKES). Its most recent figures are for 2018 (published July 2019). We 
therefore report energy consumption trends against a comparison year of 20188. 

 

6 The report and annexes contain outputs from projections under various different macroeconomic assumptions. 
The “baseline” projection projects energy and emissions without policies brought in since the 2009 Low Carbon 
Transition Plan. This is the closest scenario to the UNFCCC “without measures” (WoM) projection. A WoM 
scenario has all mitigation removed. The UK does not produce a WoM projection because we cannot remove the 
impacts of pre-LCTP climate change measures. Our “existing policies” scenario matches the UNFCCC “with 
[existing] measures” (WEM) projection. It includes implemented and adopted measures but not planned policies. 
Our main projection, the reference scenario, includes planned policies too. This matches the UNFCCC “with 
additional measures” (WAM) scenario. 
7 Energy and emissions projections: 

https://www.gov.uk/government/collections/energy-and-emissions-projections 
8 There is more detail here: 

https://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes\#2019 
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• The main source of emissions statistics is the Greenhouse Gas (GHG) Inventory which 
is updated each February. The most recent figures are for 2018 (published February 
2020). We therefore report emission trends against this year unless we state otherwise. 

• We combine these with other economic and demographic data to update equations that 
project future energy demand and emissions in the absence of government policy. 

This report includes projections of the UK’s progress towards its carbon budget targets for 
GHG emissions. The 2008 Climate Change Act established a long-term target for the UK to 
reduce its emissions in 2050 by at least 80% compared with a largely 1990-based baseline9. 
This target tightened in June 2019 when the UK became the first major economy to commit to 
reducing its emissions to net zero by 2050. 

The Climate Change Act also established a system of legally binding interim limits on net 
greenhouse gas (GHG) emissions. These are called carbon budgets10. Each one spans five 
years and is set with the aim of keeping the UK on track for its 2050 target. Performance 
against these carbon budget targets is measured using the Net Carbon Account (see Box 1 for 
details). 

All UK emissions count towards 2050 targets11. This includes those which the European Union 
Emissions Trading System (EU ETS) covers. However, these “traded” emissions do not affect 
the Net Carbon Account and therefore have no impact on performance against carbon budget 
targets. We therefore include separate, more detailed statistics and commentary for emissions 
that are outside the EU ETS (“non-traded” emissions). 

The United Kingdom left the European Union on 31st January 2020 but remains a full 
participant in the EU ETS during the transition period until 1st January 2021. In line with the 
withdrawal agreement, the UK will remain in the European Union Emissions Trading System 
(EU ETS) until 31st December 2020. The Government set out its approach to negotiations in 
the UK’s Approach to Negotiations12, published on 27th February 2020. In this edition, we base 
traded emissions and projections on the EU ETS definition of traded emissions and use EU 
ETS traded carbon value projections. 

 

 

9 The base year for comparison is 1990 for CO2, CH4 and N2O, and 1995 for fluorinated gases: 
https://www.legislation.gov.uk/ukpga/2008/27/contents 

10 See page 143 of the Clean Growth Strategy for more background on carbon budgets: 
https://www.gov.uk/government/publications/clean-growth-strategy 

11 We use the Global Warming Potentials (GWPs) from Table 2.14 of Working Group 1 of the IPCC Fourth 
Assessment Report: Climate Change 2007: AR4 GWPs. See: 

https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf 
This is consistent with the Greenhouse Gas Inventory and BEIS emission statistics. 
12 For more information see: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/868874/The_F
uture_Relationship_with_the_EU.pdf 
For discussion of potential alternatives see: https://www.gov.uk/government/consultations/carbon-emissions-tax 
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Box 1: The UK Net Carbon Account 

The Government assesses compliance with a carbon budget by comparing the UK “Net 
Carbon Account” (NCA) against the carbon budget level. The NCA is currently the sum of three 
components: 

1. Emissions allowances the UK receives under the EU Emissions Trading System (EU 
ETS)  
This is the UK’s share of tradable allowances for emissions in scope of the EU ETS. 
Emissions that are traded include most power sector emissions, domestic aviation (from 
20212/13 onward) and those from energy-intensive industries. When we project 
performance against carbon budgets, we use the estimates for EU ETS allowances that the 
Government assumed at the time of setting each carbon budget. The UK’s actual future 
shares were not known at that time. We report these assumptions in the web tables. 

2. All UK GHG emissions not covered by EU ETS  
These are the actual level of “non-traded emissions” emitted by the UK i.e. those that are 
not traded under the EU ETS. This includes most emissions from: road transport, heating in 
buildings, agriculture, waste and light industry. Since EEP 2017, we have included 
emissions from “Energy from Waste” power plants under non-traded emissions. This 
mirrors the ETS directive.  

3. Credits/debits from other international credit systems 

 

1.2 The reference and other scenarios 

Our main projection is the “reference scenario”. This is our core analysis of how the UK energy 
and emissions system could evolve under our central assumptions about how the system 
drivers will change. It includes government policies which have been implemented, adopted, or 
planned13 as at August 2019. It excludes new policies and changes to existing policies which 
fall outside these categories14.  

The results we report come from the reference scenario unless stated. Many other views of the 
future are possible: our annexes include some of these. 

 

13 This equates to expired, implemented, adopted, and planned policies as defined by the United Nations 
Framework Convention on Climate Change (UNFCCC). See Part II, Section V(A)  
paragraph 13, page 83 of: 

http://unfccc.int/resource/docs/cop5/07.pdf 
This is a UNFCCC “with additional measures” (WAM) scenario. Annex D gives details of the policies we include. 
14 Examples of policies announced or in consultation since August 2019 (and hence not included) are the 
introduction of the Green Home Grant, a consultation on changes to the taxation of red diesel and a green gas 
levy, and also a consultation on bringing forward the phase-out date for internal-combustion engine sales from 
2040. If these were included, the projected level of emissions reported here would be lower. 
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There are significant uncertainties in these projections. We include illustrative confidence 
intervals based on the figures in EEP 2018 in some of our charts. This is to give a visual 
indication of how our confidence in our estimates reduces into the future. These bounds are 
approximate and it is possible that next year’s reference scenario may lie outside the ranges 
we show. The potential impacts of the Covid-19 pandemic on future energy consumption and 
emissions are also highly uncertain, and this document does not seek to quantify them. We will 
keep this matter under review in light of the developments with the Covid-19 pandemic. 

We produce projections of energy demand and emissions outside the power sector by applying 
standard statistical techniques. These project forward energy demand and emissions based on 
trends and relationships in past data. We adjust these projections to take account of the 
estimated impact of government policies (as of August 2019). 

We base our projection of electricity supply on a model of supplier behaviour rather than 
statistical analysis of past trends. For this edition, we have changed our approach slightly so 
the power sector is more in line with the rest of the EEP models. Our assumptions now reflect 
implemented, adopted and planned policy15 in the power sector. (In EEP 2018 and previous 
editions, the generation scenario included assumptions that went beyond current government 
policy). 

We publish our projections for the reference scenario and other scenarios in annexes 
alongside this report. Each section notes the relevant annexes. The data underlying the 
report’s tables and figures are in the web tables and web figures supplementary files. Section 8 
lists these resources in full.  

1.3 Comparison with the 2018 projections 
Figure 1.1 compares the main emissions trends from EEP 2019 with those from EEP 2018. We 
give more detail about the changes to the projections in Chapter 6. When we compare 
emissions for carbon budget periods three to five in EEP 2019: 

• We project higher UK total territorial emissions than EEP 2018 in carbon budget periods 
three and four. For the third carbon budget period they are 48 MtCO2e (2%) higher and 
for the fourth 7 MtCO2e or <0.5% higher. In the fifth carbon budget period emissions are 
lower than in EEP 2018—by 23 MtCO2e or 1%. We discuss these changes in Section 
6.1. 

• Non-traded emissions projections are higher than EEP 2018 for all carbon budget 
periods. In the third carbon budget the difference is 62 MtCO2e (4%), in the fourth 49 
MtCO2e (4%) and in the fifth 8 MtCO2e or 1%. We examine changes in non-traded 
emissions in Section 6.2. 

 

15 This equates to expired, implemented, adopted, and planned policies as defined by the United Nations 
Framework Convention on Climate Change (UNFCCC). See Part II, Section V(A) 
paragraph 13, page 83 of: 

http://unfccc.int/resource/docs/cop5/07.pdf 
This is a UNFCCC “with additional measures” (WAM) scenario. Annex D gives details of the policies we include. 
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• Traded emissions projections are lower than in last year’s edition for all carbon budget 
periods. They are lower by 14 MtCO2e (3%) in carbon budget three, by 42 MtCO2e (9%) 
in carbon budget four and by 31 MtCO2e (7%) in carbon budget five. We give a brief 
overview of the changes in traded emissions in Section 6.3. 

 

Figure 1.1: Emission trends, MtCO2e 
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2 UK emissions projections 
• The UK GHG Inventory reports emissions from 1990 onwards16. Between that year and 

2018, territorial emissions from all sources reduced by 43% or 342 MtCO2e. We project 
that they will reduce by a further 24% (107 MtCO2e) to 344 MtCO2e in 2040. 

• The UK met the first and second carbon budgets with headrooms of 3617 and 384 
MtCO2e respectively18. Under the reference scenario, we project that the UK will meet 
the third carbon budget with a headroom of around 26 MtCO2e. 

• The projections show shortfalls against the fourth and fifth carbon budgets of 188 and 
253 MtCO2e. The projections take account of policies that have been implemented, 
adopted or planned and where the policy design is sufficiently advanced to allow us to 
quantify impacts19. 

 

This chapter looks at our projections for UK overall territorial, traded and non-traded emissions. 
It provides a summary of progress against the carbon budgets. 

The UK GHG Inventory reports emissions from 1990 onwards20. Between that year and 2018, 
territorial emissions from all sources reduced by 43% or 342 MtCO2e. We project that they will 
reduce by a further 24% (107 MtCO2e) to 344 MtCO2e in 2040. Traded and non-traded 
emissions follow broadly similar trajectories (Figure 1.1)21. We project that traded emissions 
will fall by 55 MtCO2e (43%) to 75 MtCO2e in 2040. Non-traded emissions fall by 52 MtCO2e 
(16%) to 269 MtCO2e in 2040. 

Figure 2.1 shows part of this series of actual and projected UK territorial emissions22. However, 
as with all such projections, there is substantial uncertainty around this analysis. We capture 
some of this uncertainty in our modelling23. The figure includes a “fan” to show what a range of 
possible outcomes might be. For this edition, we derived all the uncertainty analysis from the 

 

16 Note this is slightly different from the carbon budgets baseline. 
17 Note that performance against carbon budgets depends on the level of non-traded emissions. The actual level 
of traded emissions does not affect it under current carbon accounting rules. 
18 The Government fixes its carbon budget performance against emissions from the greenhouse gas inventory for 
the end of each budget period. Note that later inventories may adjust these emission estimates. Summary figures 
for the first two carbon budgets are in Table 9 of the Statistical Summary here: 

https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-emissions-national-statistics-1990-to-2018  
19 Some policies in the Clean Growth Strategy (October 2017) have not yet reached this stage. We will include the 
impacts of these in future EEP editions when they are more fully developed. We will also include any policies that 
may have reached this stage after August 2019. The Clean Growth Strategy: 

https://www.gov.uk/government/publications/clean-growth-strategy  
20 Note this is slightly different from the carbon budgets baseline. 
21 Note that performance against carbon budgets depends on the level of non-traded emissions. The actual level 
of traded emissions does not affect it under current carbon accounting rules. 
22 The full series is in Annex A. 
23 In EEP 2018 we used Monte Carlo analysis to derive the uncertainty “fan”. This captured some aspects of 
uncertainty but with important exceptions. See Chapter 6 of: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/794590/upd
ated-energy-and-emissions-projections-2018.pdf 
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estimates we published in EEP 2018. This is due to time constraints at the time of analysis. 
Until further data on Covid-19 impacts are available, we have assumed the drivers of 
uncertainty are similar to previous years. We will keep this matter under review. We include the 
fan as a visual suggestion of how we are less sure of our estimates as we look to the next 
decade and beyond. 

We give emissions by National Communication sector and greenhouse gas in Annex A. Annex 
B shows CO2 emissions by DUKES sectors and Annex C gives CO2 emissions for International 
Panel on Climate Change (IPCC) categories. 

Figure 2.1: Uncertainty in UK projected emissions, MtCO2e 

 

Notes: 
* The uncertainty ranges are indicative and are based on EEP 2018. 
The chart includes LULUCF. 
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2.1 Progress towards the carbon budgets 

Between the carbon budgets baseline24 and 2018, the UK cut emissions by 346 MtCO2e or 
43%. Figure 2.2 shows actual and projected performance against the carbon budgets. The 
range it shows for each projection is indicative. We base the estimates on the 95% confidence 
intervals from EEP 2018. They give an approximate visual representation of the uncertainty in 
our figures. Table 2.1 shows how our projections compare with those in the previous edition. 

Figure 2.2: Actual and projected performance against carbon budgets, MtCO2e 

 

Notes: 
Vertical bars show likely uncertainty in the projections. We based them on the 95% confidence intervals for the 
reference scenario of EEP 2018. They are approximate. Please note that the first and second carbon budgets use 
the actual net carbon accounts. The projections for the other carbon budgets use the traded cap assumed when 
the budgets were set25. 

  

 

24 The base year for comparison is 1990 for CO2, CH4 and N2O, and 1995 for fluorinated gases: 
https://www.legislation.gov.uk/ukpga/2008/27/contents  

25 EEP uses the UK allocation of EU ETS allowances assumed by the respective carbon budgets at the time they 
were set. This is because the allocations only become final after the budget period they relate to ends. See Box 1. 
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Table 2.1: Net carbon account performance against carbon budgets, MtCO2e and per cent 

  Carbon budget 
  CB1 CB2 CB3 CB4 CB5 
  (2008-12) 

actual 
(2013-17) 

actual 
(2018-22) 
projected 

(2023-27) 
projected 

(2028-32) 
projected 

Carbon Budget level [1] emissions, 
MtCO2e 

3,018 2,782 2,544 1,950 1,725 

Average annual required reduction 
vs. base emissions  

%  -24% -30% -36% -51% -57% 

EEP 2018        

 Reference scenario  projected 
emissions, 
MtCO2e 

2,982 2,398 2,456 2,089 1,970 

EEP 2019        

 Reference scenario  projected 
emissions, 
MtCO2e 

2,982 2,398 2,518 2,138 1,978 

 Result vs. Budget with reference 
case  

emissions, 
MtCO2e 

-36 -384 -26 188 253 

 Result vs. Budget with inclusion of 
CGS policy proposals [2]  

emissions, 
MtCO2e 

-36 -384 -26 158 173 

 Projected average annual 
reduction vs. base emissions [3]  

%  -25% -40% -37% -46% -50% 

 Cumulative Result vs Budget  emissions, 
MtCO2e 

    -26 162 415 

Notes: 
1. This is the level of the third carbon budget in the 2009 legislation. The Government raised the budget level to 
2,632 MtCO2e by carrying forward 88 MtCO2e of over-achievement from the second carbon budget period. See 
page 2 of: 

https://www.gov.uk/government/publications/annual-statement-of-emissions-for-2018 

2. This subset of early stage policies and proposals from the Clean Growth Strategy (CGS) gives an additional 
potential reduction of up to 30 and 80 MtCO2e over the fourth and fifth carbon budget periods respectively. Please 
see Box 1 for details of how we project future performance against the budgets. 
3. Base emissions were around 797 MtCO2e26. Base year emissions estimates on which CB percentage 
reductions are based are revised annually and are therefore subject to change. 

4. The UK Net Carbon Account (NCA) is fixed at the end of each CB period. The traded sector component of the 
NCA for CB1 and 2 is based on the actual UK share of EU ETS allowance, whereas for CB3, 4 and 5 it is based 
on the UK share of EU ETS allowances assumed at the time of setting the respective budgets. See 'Box 1' for 
further information on how the NCA is calculated. 
 

 

26 The base year for comparison is 1990 for CO2, CH4 and N2O, and 1995 for fluorinated gases: 
https://www.legislation.gov.uk/ukpga/2008/27/contents 
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2.2 Non-traded emissions projections by sector 

Between 2018 and 2040, we project an overall fall in non-traded emissions of 52 MtCO2e 
(16%). However, by the end of the period, non-traded emissions will form a slightly larger 
proportion of all territorial emissions. Their proportion rises from 71% to 78%: this is 7 
percentage points higher. 

Figure 2.3 shows the trends we project for non-traded emissions by sector. The overall pattern 
for each is very similar to EEP 2018. The biggest changes are for transport and residential 
non-traded emissions in this EEP edition. 

Figure 2.3: Non-traded emissions in the economy, MtCO2e 

 

Notes: 
* Other emissions covers emissions which are not from the residential or transport sectors. This includes 
emissions from industry, commerce and agriculture. 

By far the majority of transport emissions come from road transport. We project these will be 
slightly higher than in EEP 2018 in the early years of projections. However, they decline at a 
faster rate than in last year’s edition by the late 2020s. EEP 2019 suggests road transport 
emissions for the year 2035 will be 78 MtCO2e whilst in EEP 2018 the figure was 90 MtCO2; 
this is 13% lower. Much of this reduction reflects new CO2 regulations for cars, vans and HGVs 
and the updated policy assumption that electric vehicle uptake will be higher. Over the fourth 
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and fifth carbon budgets these trends translate into emissions of 498 MtCO2e (3% higher than 
the previous edition) and 446 MtCO2e (3% lower than the previous edition) respectively. 

In these projections the lower residential emissions reflect reduced forecasts for the number of 
UK households from those in EEP 2018: by 2035 the emissions are 4 MtCO2e lower in this 
edition. For carbon budgets four and five, this means residential non-traded emissions are 12 
and 14 MtCO2e lower respectively. On average for the fourth and fifth carbon budget periods, 
this is around 4% lower than in EEP 2018. 

Section 4 discusses the energy demand projections which lead to these emissions. 
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3 Effect of policies on emissions 
• We project government policies will reduce non-traded emissions by around 189 

MtCO2e in the third, 264 MtCO2e in the fourth and 333 MtCO2e in the fifth carbon budget 
period. 

• Most of the savings are from policies the Government adopted after the Low Carbon 
Transition Plan (LCTP) of 200927. 

• Non-traded emissions savings from policies in EEP 2019 are 16 MtCO2e lower than in 
EEP 2018 in the third and 11 MtCO2e lower in the fourth carbon budget periods. This is 
due to revised savings estimates for some existing policies. They are 18 MtCO2e higher 
in the fifth carbon budget due to new transport policies. 

• Policies under the Resources and Waste Strategy are new to EEP 2019. These are: the 
Deposit Return Scheme, the Reform of the UK Packaging Producer Responsibility 
System, and Consistency in Household and Business Recycling Collections. 

• We estimate government policies reduced emissions in the Electricity Supply Industry 
(ESI) by 41 MtCO2e in 2018 alone. 

 

In this chapter we focus on policies that produce savings in the non-traded sector since they 
directly contribute to meeting the carbon budgets28. We briefly discuss the impact of 
government policies in the Electricity Supply Industry (ESI) in Section 3.3. These are mostly 
traded emissions. 

The Government estimates individual policy impacts by comparing modelled emissions from 
scenarios which contain a policy with scenarios which do not. 

We group policies by whether they were adopted before or after the Low Carbon Transition 
Plan (LCTP) of 2009. This was the UK’s first comprehensive plan for moving to a low carbon 
economy. In this chapter, we only quote savings for policies adopted after the LCTP (“post-
LCTP”) unless we state otherwise. These estimates are more robust than those for policies 
adopted before the LCTP (“pre-LCTP”). 

 

27 The policies considered in this publication’s projections do not include those announced by the Chancellor of 
the Exchequer on 8th July 2020 to increase the energy efficiency of buildings. These include £2 billion to improve 
the energy efficiency of housing with the Green Homes Grant; £50m for social housing; and £1 billion to improve 
the public sector’s buildings’ energy efficiency. The impact of these policies will be considered in the next 
publication. 
28 See Box 1. 
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3.1 Policies for non-traded emissions reduction 

Table 3.1 shows that we estimate that government policies will reduce non-traded emissions 
by 785 MtCO2e over carbon budgets three to five29. We report policy savings in Annex D: this 
gives brief information about the policies we include. 

Table 3.1: Non-traded GHG emissions savings from policies, MtCO2e  
 Carbon budget  

 
CB3 

(2018-22)  
CB4 

(2023-27)  
CB5 

(2028-32)  
Total 

(2018-32)  

Savings from pre-LCTP policies  68  60  49  177  

Savings from post-LCTP policies  121  204  283  608  

Savings from all policies  189  264  333  785  

3.2 Changes to non-traded policy savings since EEP 2018 

In the short and medium term, we project lower non-traded GHG savings from government 
policies in EEP 2019 compared with the 2018 projections. Savings for the third carbon budget 
have decreased from 204 to 189 MtCO2e (16 MtCO2e less) while those for the fourth carbon 
budget have decreased from 275 to 264 MtCO2e (11 MtCO2e less). 

In the long term we project higher policy savings than in EEP 2018. Savings for the fifth carbon 
budget have increased overall in EEP 2019, from 314 to 333 MtCO2e (a change of 18 
MtCO2e). 

Policies with the largest change in non-traded policy savings from last year’s projections 
include: 

• Resources and Waste Strategy: the Deposit Return Scheme, the Reform of the UK 
Packaging Producer Responsibility System, and the Consistency in Household and 
Business Recycling Collections policies are new to EEP 2019. Together, they contribute 
1 MtCO2e and 4 MtCO2e of non-traded savings in the fourth and fifth carbon budget 
periods, respectively. 

• Vehicle Efficiency Policies: for EEP 2019, the savings we attribute to Road Vehicle 
Efficiency policies are 5 MtCO2e lower in the fourth carbon budget period than in EEP 
2018, driven by statistics which show consumers opting for larger and less efficient 

 

29 Our projections do not include the potential impacts of the Government’s consultation on proposals to end the 
sales of new petrol, diesel and hybrid cars and vans by 2035 or earlier. We will include these when policy is more 
developed. The projections also do not include the £5 billion in new funding announced for cycling and buses in 
February 2020, but we will include this policy in EEP 2020. 
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vehicles in recent years. However, savings are 21 MtCO2e higher in the fifth carbon 
budget period than in the last edition. The main drivers are new CO2 regulations for 
cars, vans and HGVs and an increased forecast of electric vehicle uptake. 

• Agricultural policies30: projected agriculture sector savings for England are lower than 
EEP 2018 by 10 MtCO2e in the fourth and the fifth carbon budget periods. We revised 
savings of 4 MtCO2e per year (mostly associated with English agricultural policies) in 
EEP 2018 to 2 MtCO2e based on updated outturn evidence for the sector. Savings 
mostly come from improved nutrient management and land and soil management. 

3.3 Emissions savings from policies in electricity supply 

The EU ETS covers most emissions from electricity supply. These are traded emissions and 
do not affect the UK’s Net Carbon Account31. A range of government policies have reduced 
emissions in the Electricity Supply Industry (ESI) since the 2009 Low Carbon Transition Plan. 

Supply-side policies comprise: 

• Large Combustion Plant Directive 

• Industrial Emissions Directive 

• EU ETS 

• UK Carbon Price Support 

• Feed-in-Tariffs (for small scale generation) 

• Renewables Obligation and Contracts for Difference (for large-scale generation) 

• Phase out of coal-fired generation 

Power supply markets are highly interconnected. This means we cannot disentangle the 
impacts of individual policies. However, we estimate that in total these reduced emissions from 
the power sector by 41 MtCO2e in 2018 alone. 

We project ESI policy savings will be 245 MtCO2e during the fourth carbon budget period. This 
compares with the 292 MtCO2e we projected in EEP 2018. The change in modelling approach 
we discuss in Chapter 5 explains most of this difference. 

We report aggregated emissions savings from power supply policies in the “All, by sector” 
section of Annex D.  

 

30 “Agricultural policies” covers a range of resource efficiency and land management emission reduction 
measures. Please see Annex D for more information. Note that savings in the agriculture sector are not limited to 
these policies. There are impacts from other measures which do not have agriculture as their sole focus (see 
Annex D). 
31 See Box 1. 
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4 Demand for energy 
• Our projections suggest that total final energy demand in 2040 will be around 135 million

tonnes of oil equivalent (Mtoe)32. This is about 5 Mtoe (4%) lower than the demand in
the year 2018. This represents around a 14% reduction in per capita demand.

• We project total primary energy demand in 2040 will be around 183 Mtoe, about 17 Mtoe
(9%) less than the 2018 value.

• We project the proportion of all final energy demand met from electricity or renewables
will rise from 23% in 2018 to 27% in 2035 and to 28% in 2040. In EEP 2018 the 2035
figure was 26%.

In this chapter we summarise the latest projections for final and primary energy demand. 

4.1 Final energy demand 

We project that total Final Energy Demand (FED)33 will fall until the year 2026—to 133 Mtoe 
from 140 Mtoe in 2018 (a decrease of around 5%). Demand then rises slowly as the effects of 
policies diminish34 and macroeconomic drivers continue to push it up. By 2040, we project total 
FED will be around 135 Mtoe, 4% lower than in the year 2018 (Fig 4.1 a). This represents 
around a 14% reduction in per capita demand. 

In EEP 2019 we project slightly lower total final energy demand than in EEP 2018: in 2035 it is 
5% lower than in the previous edition. This is mainly due to decreased demand for oil products 
in transport and for natural gas in the residential and industry sectors. 

In this edition, FED for electricity is slightly lower than in EEP 2018. By 2035 the difference is 
around 2% (638 Mtoe less). Lower demand in the residential and services sectors outweighs 
higher demand for industrial and (especially) transport electricity. 

The proportion of all FED met from electricity or renewables rises slowly from 23% in 2018 to 
27% in 2035, and to 28% in 2040. 

Patterns of demand vary across the four major energy consuming sectors of transport (Figure 
4.1 b), residential (Figure 4.1 c), industry (Figure 4.1 d) and services (Figure 4.1 e). 

32 These are the same units as DUKES uses for historical data. 
33 Final energy consumption is energy consumed by the final user—i.e. it excludes any losses during the 
transformation into other forms of energy. We follow the DUKES approach here and include international aviation 
but not international shipping demand. The emissions projections we discuss exclude both. 
34 The model projects energy demand and emissions in the absence of policy. We then remove emissions to 
match the emissions reductions we expect for the policies the scenario includes. So, if policy savings diminish (for 
example when a policy expires), the model’s emissions increase towards the policy-off level. 
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Figure 4.1: Final energy demand by fuel and consumer sector, 2008 to 2040, Mtoe 
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Final energy demand by sector 

The main trends in final energy demand for each sector are: 

Transport (including international aviation; Figure 4.1 b) 

• This had the largest final energy demand in 2018 (40% of the total). 

• We project transport final energy demand will fall by 16% between 2018 and 2040. It will 
then be the second biggest sector behind the residential sector (34% of the total). 

• In 2018, 97% of transport FED was from oil-based fossil fuels but by 2040 we project 
this will fall to 89%. This reflects more electric vehicles and increasing biofuels use. 

• We project final energy demand in 2035 will be 8% lower than EEP 2018. The main 
reason is that new CO2 regulations establishing emissions targets for cars, vans and 
HGVs lead to reduced demand for petroleum products. 

Residential (Figure 4.1 c) 

• This sector had the second highest final energy demand in 2018 (29% of the total). 

• We project total residential FED will increase by 19% between 2018 and 2040 when the 
sector overtakes transport to become the largest sector (36% of the total demand). This 
change is a consequence of our assumptions about: the growth in the number of 
households, changes in household income, future weather and how retail fuel prices will 
change. 

• In 2018, 28% of residential FED came from electricity and renewables35. We project this 
proportion will increase slightly to 30% by 2040. 

• Our projection for overall residential final energy demand in 2035 is 4% lower than EEP 
2018. Our projections for demand from each fuel are lower too. This is mainly because 
we assume lower future household numbers than in the previous edition. 

Industry (Figure 4.1 d) 

• This sector was 16% of total final energy demand in 2018. 

• We project total industry FED will fall by 24% between 2018 and 2040. 

• In 2018 around 43% of industrial final energy demand was for electricity or renewables. 
In 2040 this rises slightly to 45%. 

• We project industry FED in 2035 will be 10% lower than EEP 2018 levels. Demand for 
electricity, solid fuels and renewables is higher, while FED for petroleum products and 
natural gas is lower. The main reasons are the DUKES 2019 reallocation of oil from 

 

35 The DUKES category “Bioenergy & waste”. This includes geothermal, solar heat and heat pumps but excludes 
renewable electricity generation. 

2729  



Updated energy and emissions projections 2019 

 

24 
 

industry to service sectors36 and improvements to our industry equations (see Section 
6.2). 

Services37 (Figure 4.1 e) 

• Services final energy demand was 15% of the total in 2018. 

• We project this to increase by 7% between 2018 and 2040, reaching 17% of total FED. 

• In 2018, 45% of services final energy demand was from electricity and renewables38. 
We project this share will remain roughly the same up to 2040.  

• In EEP 2019 our projection for services FED in 2035 is 2% higher than in EEP 2018. 
We project final energy demand from electricity will decrease and demand for oil will 
increase. This follows from the demand equation improvements and the DUKES 2019 
reallocation of oil from industry to service sectors which we describe in Section 6.2.2. 

We give final energy demand projections by sector in annex F. 

4.2 Primary energy demand 

We project total primary energy demand39 will fall by 11% between 2018 and 2025: from 200 to 
179 Mtoe. It then stays at around this level before increasing from the mid-2030s. In 2040 it 
reaches 183 Mtoe, a reduction of 9% from the year 2018. 

Total primary energy demand in 2035 is 7% lower than EEP 2018. This is driven by reduced 
demand for nuclear, renewables and waste and for oil in the 2019 edition. However, higher 
demand for imported electricity and natural gas offsets this somewhat. 

  

 

36 The impact of the DUKES changes is that the statistics now assign around 40% of industrial oil demand to other 
sectors. For more information see: 

https://www.gov.uk/government/publications/energy-trends-june-2019-special-feature-article-change-to-
method-of-estimating-sector-demand-for-oil-products  

37 Services comprises the commercial sector, public sector and agriculture. 
38 The DUKES category “Bioenergy & waste”. This includes geothermal, solar heat and heat pumps but excludes 
renewable electricity generation. 
39 Fuels obtained directly from natural sources, e.g. coal, oil and natural gas. Primary energy includes primary 
electricity. 
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Primary energy demand by fuel group 

The trends we project for primary energy demand from different sources are similar to those in 
the previous edition (Figure 4.2): 

• Renewables, nuclear and other electricity (Fig 4.2 a) demand increases steadily. 
Between 2018 and 2040, primary energy from these sources increases by 36% to reach 
29% of total primary energy demand or 54 Mtoe. 

• Solid fuels (mostly coal: Fig 4.2 b) use has fallen rapidly since 2013 as electricity 
generation has switched to using more renewables, waste and natural gas. By 2040 it 
meets only 2% (4 Mtoe) of demand. There is no coal-fired electricity generation after the 
government deadline of 2025. 

• Demand for primary energy from oil and natural gas (Fig 4.2 c) declines by 18% 
between 2018 and 2040. Electricity and biofuels meet an increasing proportion of road 
fuel demand. Renewables and nuclear displace electricity generation from natural gas. 

We give primary energy demand projections for each fuel in Annex E. 
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Figure 4.2: Primary energy demand by fuel, Mtoe 

 

Notes: 
* Other electricity is mainly electricity from waste. 
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5 Electricity supply 
• For this year’s publication, we aligned the power sector modelling approach with the rest 

of EEP by only including assumptions that reflect implemented, adopted and planned 
policy40. BEIS will also publish two illustrative strategic scenarios showing what a Net 
Zero-consistent power sector could look like. These go beyond current government 
policy and do not indicate a preferred outcome41. 

• We project that the low carbon share of UK electricity generation42 will rise from 51% in 
2018 to 83% in 2040. This is the proportion of all generation from renewables, nuclear or 
Carbon Capture and Storage (CCS) power producers. 

 

We undertook the electricity supply sector modelling in March 2020 using BEIS’s “Dynamic 
Dispatch Model” (DDM)43. The DDM models the impact of relevant policies including small 
scale Feed-in Tariffs, the Renewables Obligation, Contracts for Difference (CfD), Carbon Price 
Support, the Capacity Market and Industrial Emissions Directive. 

This year, we have changed the modelling approach slightly so the power sector is more in line 
with the rest of EEP modelling. Our reference scenario assumptions now attempt to reflect 
implemented, adopted and planned policy44. In previous editions the modelling assumed 
current government policy continued. For example, some of the impacts of this are that the EU 
ETS trajectory is now the same as other sectors post 2030 and there are no CfD auctions after 
2030. Some of the installations included within these projections depend on future decisions by 
government and regulators. These decisions will be taken on a case-by-case basis at the 
appropriate moment and will be subject to value for money assessment if additional funding is 
required. 

As in previous years, the report annexes give separate results for “Major Power Producers” 
(MPPs: annexes G-I) and “All Power Producers” (which includes autogenerators: annexes J-L). 
In 2018, MPPs accounted for around 95% of the UK’s electricity generation. 

 

40 This equates to expired, implemented, adopted, and planned policies as defined by the United Nations 
Framework Convention on Climate Change (UNFCCC). See Part II, Section V(A) paragraph 13, page 83 of: 

http://unfccc.int/resource/docs/cop5/07.pdf  
This is a UNFCCC “with additional measures” (WAM) scenario. Annex D gives details of the policies we include. 
41 We will give more detail about these in the report published as Annex O once published. 
42 The figures we quote in this chapter are for “All Power Producers”. They do not include electricity imports or 
exports. 
43 For background information on the DDM please see: 

https://www.gov.uk/government/publications/dynamic-dispatch-model-ddm 
44 This equates to expired, implemented, adopted, and planned policies as defined by the United Nations 
Framework Convention on Climate Change (UNFCCC). See Part II, Section V(A) paragraph 13, page 83 of: 

http://unfccc.int/resource/docs/cop5/07.pdf  
This is a UNFCCC “with additional measures” (WAM) scenario. Annex D gives details of the policies we include. 
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5.1 Summary of projections 

The projections show a slightly lower overall demand for electricity than in EEP 2018. We 
discuss this in Section 4.1. The biggest power sector changes from last year’s edition are in 
the generation mix. 

Figure 5.1 shows our projections of generation by technology for all power producers up to 
2040: 

• Over time, low carbon generation (renewables, gas CCS and nuclear) increases. It 
makes up 83% of UK generation by 2040. This is around a 32 percentage point 
increase in the low carbon share from 51% in 2018. 

• As in the previous EEP edition, we project generation from renewables will rise. 
However, this year’s modelling approach (which reflects implemented and planned 
policies rather than a trajectory consistent with an 80% emissions reductions target as 
we assumed in EEP 2018) means the increase is lower as there is less capacity 
throughout the 2030s. In 2035 this amounts to 30 TWh (14%) less generation compared 
with EEP 2018: imports and gas generation make up the shortfall. Total renewables 
generation reaches 56% of UK generation by 2040. 

• Natural gas generation responds to increasing low carbon generation by falling rapidly 
until the late 2020s. It then stabilises as less new low carbon generation capacity comes 
online. By 2035 it will be around 59 TWh, 55% lower than 2018 levels. This compares 
with 34 TWh in the previous edition (25 TWh higher). In 2040, 53 TWh of demand is 
from gas generation, 16% of the total. 

• Nuclear generation increases with the opening of new capacity between the mid-2020s 
and mid-2030s. There are dips as existing plants retire. Our assumption of lower 
capacity45 in EEP 2019 means less nuclear generation than in EEP 2018 (41 TWh lower 
in 2035). 

• We project net imports from interconnectors will rise as more connections with 
neighbouring markets open in the 2020s. Imports are higher than in EEP 2018 as they 
largely offset the lower increases in renewables and nuclear generation. 

 
  

 

45 The modelling takes into account the suspension of work on Wylfa Newydd nuclear power station and the 
subsequent withdrawal of Hitachi from the project. 
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Figure 5.1: Electricity generation by fuel source, TWh 

 

We project emissions from electricity production will fall steadily as generation switches away 
from fossil fuels (annexes B and C). 

5.2 Net Zero-consistent power sector scenarios 

BEIS has worked extensively on the Net Zero target since EEP 2018. This includes modelling 
two illustrative scenarios showing what a Net Zero-consistent power sector could look like. 
These will be published in the Net Zero and the Power sector publication as Annex O to EEP 
2019. This will discuss this modelling and its implications in more detail. 
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6 Detailed comparisons with EEP 2018 
This chapter gives more information about the major changes to the projections since EEP 
2018. We presented summary figures in Section 1.3. 

6.1 Changes in territorial projections since EEP 2018 

Table 6.1: Changes which affect total territorial emissions (in comparison with EEP 2018), MtCO2e  
 Carbon budget period  

Type of change since EEP 2018  CB3 
(2018-22)  

CB4 
(2023-27)  

CB5 
(2028-32)  

Model inputs  72  35  24  

Policy savings updates  12  9  -19  

Modelling improvements  -36  -37  -28  

Total change since EEP 2018  48  7  -23  

The differences between this edition and EEP 2018 stem from model improvements, and 
updates to policy savings and other inputs. We summarise the main changes since EEP 2018 
which affect overall territorial emissions in table 6.1. These are: 

• Policy savings updates for climate change policies lead to higher projected territorial 
emissions in the third and fourth carbon budgets (by 12 MtCO2e and 9 MtCO2e 
respectively), but lower territorial emissions (by 19 MtCO2e) in the fifth carbon budget. 
The biggest changes from policy updates are in the transport sector. For example, 
compared with EEP 2018, updated outturn data for vehicle emissions cause higher 
emissions in the third and fourth carbon budgets (by 7 MtCO2e and 4 MtCO2e) but 20 
MtCO2e lower emissions in the fifth carbon budget as changes in electric vehicle 
ownership and efficiency have an impact. We discuss policy savings in Chapter 3. 

• Revisions to model inputs mean that territorial emissions projections are higher than 
EEP 2018 in each of carbon budget periods three to five. The emissions are higher by 
72, 35 and 24 MtCO2e respectively. The main reason is a fall in fossil fuel prices since 
EEP 2018 which encourages their greater use. However, lower household numbers 
somewhat offset this in the fourth and fifth carbon budget periods. 

• Modelling improvements lead to lower territorial emissions than in EEP 2018 in each of 
carbon budget periods three to five. The emissions are lower by 36, 37 and 28 MtCO2e 
respectively. We have lowered projected iron and steel demand since the last edition to 
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better match recent energy use trends in the sector46. This model change caused the 
greatest fall in territorial emissions. 

In this report our main focus has been the non-traded emissions element of territorial 
emissions. This is because these affect performance against carbon budgets (see Box 1 for 
more details). 

6.2 Changes in non-traded projections since EEP 2018 
This section focuses on changes in non-traded emissions since EEP 2018. Table 6.2 below 
shows the main changes and their impacts on non-traded emissions in the third, fourth and fifth 
carbon budget periods. 

Table 6.2: Changes which affect non-traded emissions (in comparison with EEP 2018), MtCO2e 

 Carbon budget  

Type of change since EEP 2018  CB3 
(2018-22)  

CB4 
(2023-27)  

CB5 
(2028-32)  

Model inputs  40  26  11  

Modelling improvements  10  14  18  

Policy savings updates  13  8  -21  

Total change since EEP 2018  62  49  8  

 

The main reasons for changes in projected non-traded emissions47 since the last edition are: 

• Revised model inputs mean projections of non-traded emissions are 40, 26 and 11 
MtCO2e higher than in EEP 2018 in the third, fourth and fifth carbon budget periods 
respectively. We cover the impact of input updates in Section 6.2.2. 

• Modelling improvements led to projected non-traded emissions which are 10 MtCO2e 
higher in the third, 14 MtCO2e higher in the fourth and 18 MtCO2e higher in the fifth 
carbon budget periods. The main improvements in the projection methodology were to 
emissions accounting for industry and services (the traded/non-traded split), and to 
demand projections for commerce, public oil, residential oil and industry. We give more 
information about this in Section 6.2.1. 

• Policy savings updates for climate change policies led to 13 MtCO2e and 8 MtCO2e 
higher projected non-traded emissions in the third and fourth carbon budgets 

 

46 Recent changes in the sector include the closure of Redcar’s steel plant in 2015 and declining production of 
manufactured solid fuels such as coke oven coke. 
47 Our attributions are approximate here. It is not possible to fully isolate the impact of every change. 
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respectively. In the fifth carbon budget period, these changes result in 21 MtCO2e lower 
non-traded emissions. We discuss policy savings in detail in Chapter 3. 

6.2.1 Improvements in the projection methodology 

Since we published EEP 2018, the BEIS modelling team have concentrated on quality 
assurance48 and modelling methodology updates. All model changes use more up to date data 
and evidence to improve the accuracy of the projections. Our modelling improvements cause 
non-traded emissions to be higher in each of carbon budget periods three to five: by 10, 14 
and 18 MtCO2e respectively. 

Table 6.3: Improvements in the projection methodology which affect non-traded emissions (in 
comparison with EEP 2018), MtCO2e 

 Carbon budget  

Modelling improvements  CB3 
(2018-22)  

CB4 
(2023-27)  

CB5 
(2028-32)  

Traded/non-traded emissions split  11  12  12  

Commerce and public demand projections  3  7  10  

Industry demand projections  -4  -3  -2  

Residential demand projections  -3  -3  -3  

Other [1]  2  1  2  

Total change from modelling improvements  10  14  18  

Notes: 
1. “Other” includes inputs with impacts less than 5 MtCO2e across the combined total of carbon budgets three, 
four and five. 

The main modelling improvements that affected non-traded emissions projections are: 

• Revisions to the traded/non-traded emissions split: We improved the alignment of the 
model to the GHG Inventory and EU ETS data. This made the proportion of non-traded 
emissions in the projections higher. 

• Commerce and public demand projections: We revised commerce and public oil 
demand upwards to match the revised estimates of past consumption in DUKES49. 

 

48 See BEIS Modelling Quality Assurance tools and guidance here: 
     https://www.gov.uk/government/collections/quality-assurance-tools-and-guidance-in-decc  
49 The impact of the DUKES changes is that the statistics now assign around 40% of industrial oil demand to other 
sectors. For more information see: 

https://www.gov.uk/government/publications/energy-trends-june-2019-special-feature-article-change-to-
method-of-estimating-sector-demand-for-oil-products  
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• Industry demand projections: Changes to these caused lower industry gas and oil 
consumption projections. We revised the equations because changes in the sector 
meant the model no longer matched recent trends50. 

• Residential demand projections: Our revised approach led to lower residential oil 
consumption projections. We made this change because our existing equations were 
not reflecting past trends as well as in other sectors. 

6.2.2 Changes due to input updates 

We list the main input updates and their effects on emissions in Table 6.4. The overall impact 
of changes to inputs is to give higher emissions: by 40, 26 and 11 MtCO2e in carbon budget 
periods three, four and five. 

 

Table 6.4: Input updates which affect non-traded emissions (in comparison with 
EEP 2018), MtCO2e 
 Carbon budget  

Input update  CB3 
(2018-22)  

CB4 
(2023-27)  

CB5 
(2028-32)  

LULUCF and Non-CO2  29  27  25  

Fossil fuel price projections  14  16  14  

GHG Inventory (2019)  15  7  7  

Transport  3  7  6  

DUKES [1]  -8  -3  -4  

Power sector updates & interaction  -1  -3  -11  

GHG Inventory (2020)  -6  -12  -11  

Household numbers  -7  -13  -16  

Other [2]  1  -1  0  

Total change due to input updates  40  26  11  

Notes: 
1. The DUKES update row does not include transport: the “Transport” row captures these changes. It also 
excludes the indirect impact of our projection equation adjustments which we made after the DUKES revisions to 
past oil demand. 
2. “Other” includes inputs with impacts less than 5 MtCO2e across the total of carbon budgets three to five. 

  

 

50 We last reviewed industry in depth in 2016. 
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Compared with EEP 2018, the biggest upwards revisions to non-traded emissions come from 
updates to: 

• LULUCF and Non-CO2 emission data: updated historic data and new projections of 
Land Use, Land Use Change and Forestry (LULUCF) / non-CO2 emissions mean that 
emissions are higher than in EEP 2018—by 29 MtCO2e in the third, 27 MtCO2e in the 
fourth and 25 MtCO2e in the fifth carbon budget periods. The main reason for the 
increases was a correction to GHG removals from forest land in the GHG Inventory 
(2019)51 (this also affected the main Inventory CO2 emissions inputs: see below).  

• Fossil fuel price projections: we assume future prices of fossil fuels will be lower than in 
EEP 201852. This makes it economically attractive to use more of them. The higher 
fossil fuel use leads to higher emissions than in EEP 2018. Non-traded emissions are 
14, 16 and 14 MtCO2e higher in the third, fourth and fifth carbon budget periods 
respectively. 

• GHG Inventory (2019): this update led to higher non-traded emissions. In the third 
carbon budget period, emissions were 15 MtCO2e higher. In the fourth and fifth budget 
periods emissions are also higher—by 7 MtCO2e in the fourth and 7 MtCO2e in the fifth. 
The main reason for the upward revisions was a correction to GHG removals from forest 
land53. 

• Transport: the latest statistics showed higher than expected fuel consumption from road 
transport54. This led us to revise our fuel efficiency assumptions downwards. The impact 
is higher emissions. 

Compared with EEP 2018, the biggest downwards revisions to non-traded emissions come 
from updates to: 

• DUKES: DUKES 2019 made significant revisions to oil consumption55. It reallocated a 
lot from the industry sector to commerce, public and agriculture. These changes lead to 
slightly lower non-traded emissions in the projections. This reflects our projection that 
emissions will fall more quickly in the sectors receiving the reallocations than in industry. 

• Power sector updates and interaction: we have revised the power sector assumptions 
since EEP 2018. Most of the sector is in the EU ETS and so its emissions are traded. 

 

51 See Section 6.2.7 of UK Greenhouse Gas Inventory, 1990 to 2017: Annual Report for Submission under the 
Framework Convention on Climate Change: 

http://uk-air.defra.gov.uk/reports/cat07/1905151122_ukghgi-90-17_Main_Issue_2_final.pdf  
52 We give these assumptions in Annex M. 
53 See Section 6.2.7 of UK Greenhouse Gas Inventory, 1990 to 2017: Annual Report for Submission under the 
Framework Convention on Climate Change: 

http://uk-air.defra.gov.uk/reports/cat07/1905151122_ukghgi-90-17_Main_Issue_2_final.pdf 
54 Latest transport statistics: 

https://www.gov.uk/government/statistical-data-sets/energy-and-environment-data-tables-env#fuel-
consumption-env01 

55 The impact of the DUKES changes is that the statistics now assign around 40% of industrial oil demand to other 
sectors. For more information see: 

https://www.gov.uk/government/publications/energy-trends-june-2019-special-feature-article-change-to-
method-of-estimating-sector-demand-for-oil-products 
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However, some generation from Combined Heat and Power (CHP) plants is outside the 
scheme and its emissions are non-traded. We no longer assume any new CHP plants 
will be built. This means our projections now only reflect generation from existing CHP 
installations. We assume that any of these plants which close will not be replaced. The 
lower projected non-traded emissions reflect reduced future CHP generation. 

• GHG Inventory (2020): this update led to lower non-traded emissions. They are 6 
MtCO2e lower in the third, 12 MtCO2e lower in the fourth and 11 MtCO2e lower in the 
fifth carbon budget periods. 

• Household numbers: non-traded emissions are lower by 7, 13 and 16 MtCO2e in carbon 
budgets three, four and five respectively. This reflects lower household number 
forecasts than in EEP 201856. The demand for energy in the residential sector is closely 
linked to household numbers and is therefore lower. This leads to reduced emissions. 

6.3 Changes in traded projections since EEP 2018 

Compared with EEP 2018, the biggest downwards revisions to traded emissions come from: 

• Changes to our projections of future iron and steel demand (see Section 6.1) 

• Our revisions to the traded/non-traded emissions split (Section 6.2.1) and 

• Our changes to the commerce and public demand projections (Section 6.2.1). 

Of these, the changes to the iron and steel demand projections had the largest impact. 

  

 

56 We give these assumptions in Annex M. 
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7 Lists of supporting material 

7.1 Annexes 

Annex A: Greenhouse gas emissions by source 

Annex B: Carbon dioxide emissions by source 

Annex C: Carbon dioxide emissions by IPCC category 

Annex D: Policy savings in the projections 

Annex E: Primary energy demand 

Annex F: Final energy demand 

Annex G: Major power producers’ generation by source 

Annex H: Major power producers’ cumulative new electricity generating capacity 

Annex I: Major power producers’ total electricity generating capacity 

Annex J: Total electricity generation by source 

Annex K: Total cumulative new electricity generating capacity 

Annex L: Total electricity generating capacity 

Annex M: Growth assumptions and prices 

Annex N: 2019 non-CO2 GHG emissions projections report 

Annex O: Net Zero and the power sector scenarios 
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Our annexes contain projections for the following scenarios which we publish each year: 

Scenario Description 

Reference 
Scenario 

Based on central estimates of economic growth and fossil fuel 
prices. Contains all policies where decisions on policy design are 
sufficiently advanced to allow robust estimates of impact 
(i.e. including “planned” policies). See annex D on policy savings for 
definitions of each policy implementation status. 

Low Prices Similar assumptions to reference scenario but with lower projected 
fossil fuel prices. 

High Prices Similar assumptions to reference scenario but with higher projected 
fossil fuel prices. 

Low Growth Similar assumptions to reference scenario but with lower projected 
economic growth. 

High Growth Similar assumptions to reference scenario but with higher projected 
economic growth. 

Existing Policies Contains central price and growth assumptions but without planned 
policies included. 

Baseline Policies Contains central price and growth assumptions but only policies 
that existed before the Low Carbon Transition Plan of July 2009. 
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Once Annex O (Net Zero and the power sector scenarios) has been published, we will also 
provide annexes G to L for the Net Zero strategic reference scenarios: 

Scenario  Description  

Net Zero (Higher)  Net Zero strategic reference scenario with higher power sector 
electricity demand.  

Net Zero (Lower)  Net Zero strategic reference scenario with lower power sector 
electricity demand.  

 

7.2 Web tables and figures 

We publish web tables and figures alongside this report. Some of these replicate tables and 
figures in the report text while others are supplementary.
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The 2030 Climate target plan 

 1. ADDRESSING THE CLIMATE CRISIS WITH INCREASED RESOLVE 

The climate crisis remains the defining challenge of our time. The past five years were 

the warmest on record. Global average temperature increased by 1.1°C above pre-

industrial levels by 2019. The impacts of global warming are beyond dispute, with 

droughts, storms, and other weather extremes on the rise. We must take urgent and 

sustained action to preserve the health, prosperity, and well-being of people in Europe 

and all over the world. The recent reports of the IPCC on climate change and 1.5C 

global warming, land, ocean and cryosphere underlined the dire impacts if climate 

change would not be halted. EU citizens are increasingly, and rightly, worried. Nine out 

of ten see climate change as a serious concern. The EU leads the global fight against 

climate change and the Commission is determined that the EU takes further action now.  

The President of the Commission has made the European Green Deal
1
 the top political 

priority, with the aim of transforming the EU into a fair and prosperous society with a 

modern, resource-efficient and competitive economy. We need to protect, conserve and 

enhance the EU's natural capital, and protect the health and well-being of citizens from 

climate- and environment-related risks and impacts and ensure an inclusive 

transformation based on a just transition so as to leave no one behind. Today, the 

Commission sets our continent on a sustainable path to make this a reality and achieve 

climate neutrality by 2050. 

The world is currently experiencing a health crisis with an unprecedented socio-

economic impact. This requires urgent attention, but our efforts to tackle one crisis must 

not hasten or worsen another. Postponing climate action or rolling back measures is not 

an option for the European Union. If left unchecked, the unfolding climate crisis will 

have existential consequences for our natural environment, our health, and our 

livelihoods way beyond the scale of the current health crisis. The long-term economic 

disruptions and adverse social consequences resulting from inaction would far outweigh 

the costs of investing in ambitious climate action today.  

The unprecedented European economic response to COVID-19 offers a unique 

opportunity to accelerate the transition to a climate-neutral economy investing in the 

necessary transformation and ensure it takes place in a just and socially fair manner. Next 

Generation EU and the Multiannual Financial Framework for 2021-2027, with their 

combined weight of over 1.8 trillion euros, provide significant firepower to help deliver 

the twin green and digital transitions that Europe aspires to. Effectively addressing the 

economic crisis while reaping the gains from accelerating the shift to a clean and 

sustainable economy requires that these ambitions are also fully transcribed in Member 

States’ Recovery and Resilience Plans. 

In the coming decade, the EU will continue building on a strong track record of climate 

action and parallel economic growth. In 2019, EU emissions, including removals, were 

down by an estimated 25% compared to 1990, while over the same period the economy 

has grown by 62%. This proves that we can tackle climate change and ensure sustained 

economic growth and job creation at the same time. The Impact Assessment 

accompanying this Communication demonstrates that an emissions reduction of 55% by 

                                                 
1
 COM(2019) 640 final 
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2030, compared to 1990 levels, is both economically feasible and beneficial for Europe, 

with proper policies in place.  

The EU’s current policy framework alone would not allow us to reach our 2050 goals 

and meet our commitments under the Paris Agreement. Projections show that simply 

continuing to implement the legislation currently in force would see the EU achieving a 

60% reduction of greenhouse gas emissions by 2050. The EU needs to raise its ambitions 

for this decade now and avoid leaving a heavier workload for future generations. The less 

action the EU takes in the next ten years, the steeper and more challenging the reduction 

path after 2030.  

The Commission therefore proposes to change the current emissions reduction pathway 

to reach climate neutrality by 2050 and reflect this in the proposal for the European 

Climate Law. 

In the Impact Assessment and a broad consultation process conducted over the past year, 

the Commission has thoroughly examined the effects on our economy, society and 

environment of reducing emissions by 50% to 55% by 2030, compared to 1990 levels. 

The Impact Assessment has carefully considered the mix of policy instruments available 

and how each sector of the economy can contribute to these targets. A balanced, realistic, 

and prudent pathway to climate neutrality by 2050 requires an emissions reduction target 

of 55% by 2030.  

The present Communication therefore: 

1. Presents an EU-wide, economy-wide greenhouse gas emissions reduction target 

by 2030 compared to 1990 of at least 55% including emissions and removals.  

2. Previews a set of actions required across all sectors of the economy and the 

launch of revisions of the key legislative instruments to achieve this increased 

ambition. 

3. Prepares the ground for a public debate in autumn 2020 to increase the EU’s 

contribution to the Paris Agreement before the end of the year and set the stage 

for the Commission to make detailed legislative proposals by June 2021. 

The EU can and should set itself a 55% target based on the following three key 

considerations. 

First, large emissions reductions have come from closing coal power stations and 

cleaning up of energy-intensive industry, while it proved harder to reduce emissions from 

transport and agriculture and in buildings, where particular challenges exist. Yet, 

reaching climate neutrality requires to significantly step up EU action in all sectors. Long 

lead-times in crucial sectors such as land use and transport require action to be stepped 

up already over the coming decade, otherwise the changes required after 2030 would 

have to happen unrealistically fast.  

Secondly, risks of carbon lock-in in the coming decade are too high. This is due to the 

current legislative set-up as well as a natural short-termism in economic decisions in the 

midst of the COVID-19 crisis. Clearer and stronger investment signals are urgently 

needed for today’s investment planning and decisions to be coherent with the transition 

to climate neutrality.  
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Finally, science indicates that climate risks are firmly on the downside. Recent IPCC 

special reports found greater risks at lower temperatures of Earth system tipping points 

than in its 5
th

 assessment report, such as a slowdown of the Gulf Stream or instability of 

the Greenland and West Antarctic ice sheets. The climate crisis is also intrinsically linked 

with the global loss of biodiversity and solutions must address consistently both 

challenges. The only responsible course of action is therefore to move now when we still 

have the freedom to choose how, instead of inching forward until it may be too late.  

We have a responsibility to act decisively in the interest of future generations. If the EU 

shows that it can be done, many governments and citizens around the world will see that 

growing prosperity can be combined with a pathway that limits global climate change to 

well below 2 °C and pursues efforts to limit it to 1.5 °C, safeguarding the future of our 

planet. Yet, even with global action, some of the adverse effects of climate change will 

continue. That is why the EU is also pursuing its efforts on climate change adaptation, in 

Europe and globally. Finally, achieving climate neutrality in Europe requires investing in 

technologies, business models, skills, infrastructures and changes in behaviour. The 

green transition will modernise our economy, make it more innovative, circular and 

resilient and sustain its global competitiveness and prosperity in the years to come. 

 2. THE ECONOMIC AND SOCIAL BENEFITS OF INCREASED CLIMATE AMBITION  

On the basis of the analysis carried out in its Impact assessment, the Commission 

concludes that achieving 55% greenhouse gas emissions reductions by 2030 would not 

only put the EU firmly on track to achieve climate neutrality, but would also make EU 

business and industry global trailblazers. The analysis also confirms that this increase of 

greenhouse gas emissions reductions target is possible in a responsible and socially fair 

manner. It can spur sustainable economic growth and accelerate the clean energy 

transition, while adverse social consequences need to be addressed and adequate policies 

be deployed both at EU and Member State level. Achieving 55% greenhouse gas 

emissions reductions by 2030 would also improve the wellbeing of EU citizens by 

delivering significant co-benefits in terms of health, improved air quality and reduced 

environmental degradation, and it would strongly support the COVID-19 recovery and 

the longer-term competitiveness and resilience of the European economy. 

Reaching a 55% emissions reductions target will be a significant investment challenge 

for EU industry, services, transport, and energy sectors. However, the return on 

investment from meeting this challenge is nothing less than the ability for EU businesses 

to compete and our citizens to prosper. The COVID-19 crisis has severely hit the EU 

economy. It has not significantly altered the investments needed to reach an increased 

2030 greenhouse gas emissions reduction target, but, likely, worsened the conditions for 

such investments to take place, which has to be countered by strong policy initiatives on 

EU and national level. The EU recovery plan, with its recovery and resilience facility, is 

critical for these investments underpinning the green transition to happen. Despite net 

greenhouse gas emissions in 2020 being estimated to drop to 30 to 35% below 1990 

levels, the economic rebound from the COVID-19 crisis is also estimated to bring 

emissions back to previous levels, unless additional action is taken. The dial has not been 

reset on global warming. To achieve climate neutrality by 2050, over the coming decade 

we will still need to construct new wind turbines, clean our industries and renovate 

buildings to make them energy- and resource-efficient. For this purpose, we will need to 

enable EU companies to get into the pole position developing, deploying and 

commercialising low-carbon solutions. Mobility will still have to be made substantially 

cleaner, with zero emissions vehicles well on their way to replace conventional ones, 

strong development of public transport and greater use of sustainable transport modes 
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and multi-modal solutions through a large and well-integrated range of clean mobility 

options. Digital technologies will be key part of making sure the EU reaches climate 

neutrality and strengthens its competitiveness globally. The digital and green transitions 

must be made mutually reinforcing.  

The EU multiannual budget, together with the Next Generation – EU, will dedicate at 

least 30% of its firepower to climate-relevant spending, and all expenses will be 

consistent with the Paris Agreement and respect the “do no harm" principle. National 

recovery and resilience plans and related spending will have to effectively contribute to 

the green and the digital transitions or to addressing the challenges resulting from them. 

Targeted use of these funds can trigger significant private sector investments. We must 

combine recovery spending with ambitious climate action to avoid wasted money and 

stranded assets, leading to additional resource needs later on. In short, in times of 

increasingly scarce liquidity, we should not invest in the old carbon-fuelled economy by 

reflex, but encourage investment in innovative and low-carbon technologies, making 

Europe a modern and green economy. We must save and create new jobs and incomes 

not only for months or years but for decades. 

The recovery as well as the greening of our economy can also benefit from structural 

policies and policy reforms that incentivise competition in product markets, address the 

matching of skills and deliver the necessary education and training.  

A key feature of the green transition is upgrading the EU’s capital stock, requiring higher 

upfront investments, with associated fuel savings that over time will pay back the initial 

investments. Energy-related investments need to increase. Annually in the period 2021-

2030 the EU will need to invest € 350 billion more than it did in the period 2011-2020, 

an increase of around € 90 billion per annum compared to the investments needed to 

achieve current 2030 climate and energy targets. In addition to public support, the 

sustainable finance initiative will guide private investments towards green recovery. The 

EU taxonomy the EU Green Bond Standard and climate benchmarks will be essential 

tools to bring finance closer to the needs of the real economy. 

Considering our large domestic market, accelerating the transition will help modernise 

the whole EU economy, increasing the opportunities for our clean technologies 

leadership and for gaining competitive advantage on the world markets. Developing new 

value chains and expanding others will also improve the open strategic autonomy of 

Europe’s industrial ecosystems. This will contribute to moving to a truly circular 

economy, which together with digitalisation, will be at the heart of the modernisation 

required to improve the overall efficiency and resilience of the European economy. 

Our citizens want to live in a modern, sustainable, fair and resilient Europe. They are 

crucial partners in the fight against climate change, and can support it through political 

mobilisation and consumer choices. They can greatly contribute to decarbonisation by 

making more sustainable purchase decisions and lifestyle choices, but need to be assisted 

by actionable and reliable information.  

Buildings and transport are, alongside industry, the main energy users and source of 

emissions. Decarbonising both energy supply and demand is key to becoming climate-

neutral and can actually be achieved while enhancing the well-being of our citizens 

drawn from transport and housing  

Increasing our 2030 climate ambition in the buildings sector can and should be socially 

just and fair. For example, low-income households bear a higher burden of heating 
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expenses compared to wealthier households. The use of highly polluting fuels like coal is 

also more common among lower income households and particularly high in specific 

regions in Europe. They may thus be more negatively impacted by the transition, in 

particular if emitting carbon becomes more costly and low-carbon solutions are not 

available to them. In order to avoid negative impacts on vulnerable consumers, social and 

energy efficiency policies are important to target the renovation of their houses and keep 

the impact on their heating and electricity bills in check. 

Renovating Europe’s buildings not only lowers energy bills and greenhouse gas 

emissions, but it also improves living conditions and creates local jobs. The forthcoming 

Renovation Wave will address the twin challenge of energy efficiency and affordability 

in the building sector. It will focus on the worst performing buildings and tackle the 

energy poverty as well as on public buildings, notably schools, hospitals and care 

facilities. When renovating, particular attention will be required as regards financing the 

up-front investments and the capacity of households to manage them. In particular, 

targeted support for energy efficiency investments of lower-income households and for 

social housing will be needed. We must therefore devise policies, earmark budgets, and 

propose different and innovative ways to organise the greening of houses and mobility, 

whilst helping vulnerable social groups. The Commission’s Impact Assessment shows 

that a 55% cut in emissions achieved through increased use of carbon pricing, while 

recycling revenues to low income households can address income impacts for these 

households and at the same time still stimulate a switch to low-carbon technologies. 

Clean and efficient private and public transport will bring major benefits to individual 

citizens and communities. Increasing the modal shares of public transport and active 

mobility, namely walking and cycling, as well as automated, connected and multimodal 

mobility, combined with more stringent air pollutant and CO2 emissions standards for 

vehicles, will drastically lower pollution from transport, especially in cities.  

Our citizens have a lot to gain through ambitious and decisive climate action. Reducing 

greenhouse gas emissions improves living conditions and health, can create employment, 

and lowers energy bills. 

Climate change and energy policies supports clean air policy in improving the health of 

EU citizens. This matters particularly in a number of Central and Eastern European 

Member States suffering from relatively high pollution levels. Achieving 55% 

greenhouse gas emissions reductions could contribute to further decrease air pollution, 

reaching a total reduction of 60% by 2030 compared to 2015. This would reduce health 

damages compared to 2015 levels by at least € 110 billion. Increased climate action 

would additionally reduce air pollution control costs by at least € 5 billion in 2030 and 

contribute to mitigating other environmental concerns like acidification. 

In relation to food and agriculture, the Impact Assessment shows that by 2030 emissions 

reductions stemming from changing consumer choices towards healthy diets could be of 

the same order of magnitude as technical options available to reduce emissions in the 

sector
2
. In line with the Farm to Fork Strategy

3
, consumers should be facilitated to 

choose sustainable and healthy food and diets. This would not only help the agricultural 

and food sector to reduce emissions, but also improve consumers’ health and reduce 

health-related costs for society and food waste. 

                                                 
2
 A strong decrease of consumption of animal products for nutrition could potentially reduce emissions by 

more than 30 million tonnes by 2030. 
3
 COM(2020) 381 final 
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The increased climate ambition in the above areas can have positive impacts on GDP and 

total employment in the EU. The Impact Assessment indicates that in particular in 

situations where the economy is performing below capacity, GDP will increase due to the 

investment stemming from increased climate ambition. Similarly, the use of carbon 

revenues in general could lead to a reduction of labour taxation with positive effects on 

employment. Investing in a modern, circular economy will help provide durable and new 

green jobs in a climate constrained world.  

Not all Member States, sectors and households start the transition towards climate-

neutrality from the same point or have the same capacity to respond to the challenges of 

the transition. A more ambitious climate target is likely to be more challenging in 

Member States and regions with a higher share of fossil fuels in the energy mix, higher 

greenhouse gas emissions, energy intensity and lower GDP per capita. Certain carbon-

intensive sectors and regions with a significant share of their economies depending on 

these will see substantial transformations. Distributional aspects will need to be 

addressed in order to ensure that nobody is left behind. New and upgraded skills will be 

needed underlining the need to keep investing in lifelong learning using all possible 

instruments and ensuring a diverse and inclusive workforce. In regions where carbon-

intensive industries are currently of greater importance, focused policies and investments 

are needed, supported by the Just Transition Mechanism.  

As a result of these transitions, the EU’s energy system will be much more secure and 

resilient. Fossil fuels, while so engrained in our way of life for over 150 years, are 

exposed to volatile fuel prices and supply disruption. More than half of EU energy needs 

are covered by imports. Renewable energy generated in the EU reduces this exposure, 

thereby increasing security of supply. Net energy imports are projected to decrease by 

more than a quarter in the period 2015-2030. Increasing the climate ambition from the 

current 2030 target to 55% and achieving climate neutrality by 2050 would save on the 

EU’s import bill EUR 100 billion over the period 2021-2030 and up to 3 trillion by 2050.   

In short, increasing the EU’s climate ambition for 2030 generates both economic 

opportunity and a cleaner and healthier environment for our citizens as we steadily move 

towards climate neutrality by 2050. It matches desires of citizens and stakeholders, 

according to the replies to the public consultation process organised by the Commission 

for this initiative and empowers regional and local authorities to participate and benefit 

from the green transition. It ensures durable jobs, improves the EUs energy security, 

resilience and independence, stimulates innovation and lays a solid foundation for 

economic prosperity. 

Figure 1: The EU’s pathway to sustained economic prosperity and climate neutrality, 

1990-2050 
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While any structural changes will pose challenges, the analysis shows that overall the 

economy and citizens will benefit from these investments, especially considering the dire 

consequences of non-action. For instance, for those lower income households and fossil 

fuel dependent and energy-intensive sectors, which will be particularly challenged, 

targeted policies will need to promote just transition head on. In this way, Europe will set 

a practical example for all other regions around the world on how accomplishing the 

Paris Agreement objectives will lead to a more prosperous, fair, resilient and healthy 

world. In this respect, economic impacts will be more positive if the regulatory tools 

allow for appropriate price signals and a tax shift, with carbon pricing revenues being 

used to reduce distorting taxes or to invest in innovation and modernisation towards a 

green economy.  

 

 3. AMBITIOUS ACTION IN ALL SECTORS OF THE EU ECONOMY 

Achieving 55% greenhouse gas emissions reductions will require actions in all sectors as 

illustrated in the graph above. A climate-neutral transition can only be accomplished with 

contributions from everyone.  

CO2 emissions from the burning of fossil fuels are the largest source of greenhouse gas 

emissions in the EU. Together with fugitive non-CO2 emissions in the energy system, 

they are responsible for just over 75% of EU greenhouse gas emissions. This underlines 

the energy system’s central role in the transition to a climate neutral economy. It will 

need to be fully decarbonised, while respecting technological neutrality. 

Most other emissions are process CO2 emissions from industry and non-CO2 emissions 

from agriculture and waste. Reducing all emissions as much as possible will be crucial to 

limit the need to balance any remaining emissions to become climate neutral. In this 

context, the EU land use sector is of particular importance, given that it presently 
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provides for the largest source of net removals of CO2 from the atmosphere that humans 

can impact. Much more is now also possible with widespread use of digital technologies, 

which could help reduce overall emissions considerably.
4
 

Based on the analysis in the Impact Assessment, the Commission has reached the view 

that the following contributions by different sectors would enable us to reach a 55% 

emissions reduction by 2030 in a responsible way.  

Energy system transformation including buildings, transport and industry 

In order to reach the 55% greenhouse gas emissions reduction target, buildings and 

power generation can make the largest and most cost-efficient emissions reductions, in 

the order of 60% and more compared to 2015. Rapid penetration of renewable energy, 

which is becoming the most cost-effective electric power source, the application of the 

energy efficiency first principle, electrification and energy system integration will drive 

the change in both sectors.  

By 2030, the share of EU renewable electricity production is set to at least double from 

today’s levels of 32% of renewable electricity to around 65% or more. The expansion in 

renewable electricity production will provide many opportunities for European 

renewable energy sources to be fully harnessed, for instance offshore wind energy. 

Renewables will lead to a high degree of decentralisation providing opportunities for 

consumers to get engaged, for prosumers to generate, use and share energy themselves, 

and for local and notably rural communities to encourage local investments in 

renewables. It will also trigger new employment locally.  

The deployment of renewable electricity provides a major opportunity for the 

decarbonisation of other sectors such as heating and cooling in buildings and industry. 

The impact assessment highlights that renewables in heating and cooling would achieve 

around 40% penetration in 2030. Beyond the direct use of renewable energy and 

electrification, renewable hydrogen will also be required to replace fossil fuels in some 

carbon-intensive industrial processes, for example as a feedstock for certain chemical 

processes, and to deliver high-temperature heat. 

The building sector, currently responsible for 40% of final energy and 36% of 

greenhouse gas emissions in the EU, has a large cost-effective potential to reduce 

emissions. Today, 75% of the EU’s building stock is energy inefficient
5
. Many homes are 

still heated with outdated systems that use polluting fossil fuels such as coal and oil. To 

fully tap into this potential for improvement would require the renovation rate, which is 

around 1% today, to double and more in the period up to 2030. In particular, deep 

renovations addressing building shells, smart digitalisation and the integration of 

renewable energy together need to increase strongly. 

The transport sector had the lowest share of renewable energy in 2015, with only 6%
6
. 

By 2030, this has to increase to around 24% through further development and 

deployment of electric vehicles, advanced biofuels and other renewable and low carbon 

fuels as part of a holistic and integrated approach. Secure access to batteries will be 

critical to rolling out electric vehicles, while clean hydrogen will be crucial for 

                                                 
4
 https://www.weforum.org/agenda/2019/01/why-digitalization-is-the-key-to-exponential-climate-action/ 

5
 New buildings today consume only half as much as typical buildings from the 1980s. About 35% of the 

EU's buildings are over 50 years old.  
6
 Calculated according to the methodology as set out in Directive 2018/2001/EC. 
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decarbonising heavy-duty transport and, through its derivatives, in the aviation and 

maritime sector. The decarbonisation of the transport fuel mix by 2050 will also be 

supported by greater use of rail and other sustainable transport modes such as inland 

waterways and short sea shipping, in particular for freight transport. 

Projected increases in bioenergy use by 2030 are limited compared to today. To ensure 

the land use sink can continue to strengthen and improve, biomass for energy use in the 

EU should be produced sustainably, and environmental impacts should be minimised. To 

limit impact on biodiversity, the use of whole trees and food and feed crops for energy 

production – produced in the EU or imported – should be minimised. Any unsustainable 

intensification of forest harvesting for bioenergy purposes should be avoided. Instead, 

bioenergy production should come from better use of biomass wastes and residues and a 

sustainable cultivation of energy crops, rather replacing the production of first generation 

food-crop-based biofuels and be in line with the sustainability criteria of the Renewable 

Energy Directive. The promotion of sustainable forest management, a strong 

enforcement of the existing legislation and a quicker implementation of the sustainability 

criteria in the Renewable Energy Directive can play a key role in this regard alongside 

the foreseen review and potential revision of the latter Directive.  

The Commission’s Impact Assessment indicates that final and primary energy 

consumption would further reduce in 2030, achieving savings of 36-37% for final energy 

consumption (total energy consumed by end users) and 39-41% for primary energy 

consumption (total energy used to meet final energy needs, e.g. gas used to produce 

electricity). This reduction will require policies that address non-economic and local 

barriers. For instance, EU product efficiency standards have already reduced energy 

needs for the products in question by about 15% and cut total EU greenhouse gas 

emissions by 7% while creating hundreds of thousands additional jobs
7
. Actions of this 

kind will need to be intensified. 

Achieving 55% greenhouse gas emissions reductions would result in a new and greener 

energy mix. By 2030, coal consumption would be reduced by more than 70% compared 

to 2015, and oil and gas by more than 30% and 25%, respectively. Renewable energy 

instead would see its share increase. By 2030, it would reach 38% to 40% of gross final 

consumption. Overall, this would lead to a balanced path towards climate neutrality by 

2050.  

Some sectors have a smaller, yet still significant, cost-effective emissions reduction 

potential by 2030. Today, road transport accounts for a fifth of the EU’s greenhouse gas 

emissions and increased its emissions by over a quarter since 1990. It may see a decrease 

in emissions of only around 20% between 2015 and 2030, underlining the increased 

focus the sector will require to achieve increased decarbonisation.  

All transport sectors - road, rail, aviation and waterborne transport - will have to 

contribute to the 55% reduction effort. A smart combination of vehicle/vessels/aircraft 

efficiency improvements, fuel mix changes, greater use of sustainable transport modes 

and multi-modal solutions, digitalisation for smart traffic and mobility management, road 

pricing and other incentives can reduce greenhouse gas emissions and at the same time 

significantly address noise pollution and improve air quality. In addition, new sustainable 

mobility services and increased use of the existing urban bus and rail services can reduce 

emissions, congestion and pollution while improving road safety, especially in urban 

                                                 
7
 Report on Ecodesign Impact Accounting, forthcoming 
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areas. The upcoming Strategy for a Sustainable and Smart Mobility will set a pathway 

for the sector to master the twin green and digital transitions building a resilient and 

sustainable transport system for generations to come. 

To achieve climate neutrality and ensure that sectors with emissions that are more 

difficult to abate have access to sufficient quantities of renewable and low carbon fuels, 

conventional cars will need to gradually be displaced by zero emissions vehicles and 

greater use should be made of sustainable collective transport services. The Impact 

Assessment projects reduction levels in 2030 corresponding to a decrease of around 50% 

of the CO2 emissions per kilometre for passengers cars, as compared to the 2021 targets. 

The production and sales of electric vehicles are already taking off, and hydrogen 

promises new ways of propulsion, particularly for heavy duty trucks, indicating that this 

is a realistic scenario.  

Both the aviation and maritime sectors will need to scale up efforts to improve the 

efficiency of aircraft, ships and their operations and to increase the use of sustainably 

produced renewable and low-carbon fuels. This will be assessed in greater detail in the 

context of the ReFuelEU Aviation and FuelEU Maritime initiatives that aim to increase 

the production and the uptake of sustainable alternative fuels for these sectors. The 

necessary technology development and deployment has to happen already by 2030 to 

prepare for much more rapid change thereafter. 

Similarly, industry may see emissions reductions of up to around 25% by 2030 compared 

to 2015. Best practices can further reduce greenhouse gas emissions, thus improving 

overall efficiency, by using waste heat and increasing electrification through continued 

incremental improvements. However, to allow industry to truly decarbonise after 2030, 

zero or very low carbon technologies and business concepts, including system 

integration, access to sustainable resources and increased circularity, medium and high 

heat electrification, hydrogen and carbon capture, utilisation and storage, will need to be 

developed and tested at scale in this decade. To kick-start this and facilitate the 

development of appropriate supply and demand based support for zero or very low-

carbon technologies and create markets for low-carbon products, EU certification 

systems based on the greenhouse gas performance for low-carbon basic materials and for 

carbon removals should be developed
8
. In addition, changes in corporate governance 

rules and practices, including on sustainable finance, will make company owners and 

managers prioritise sustainability objectives in their actions and strategies. 

Appropriate infrastructure to maximise the benefits of the clean energy transition and to 

deploy alternative emissions-free fuel and feedstock is critical for both sectors. Heat 

networks, hydrogen pipelines, electric recharging and hydrogen refuelling infrastructure 

are all examples of infrastructure that will need to be developed and will require careful 

planning. 

Non-CO2 emissions  

Non-CO2 emissions of methane, nitrous oxide and so-called F-gases represent almost 

20% of the EU’s greenhouse gas emissions. By 2030, these can be reduced effectively by 

up to 35% compared to 2015. 

                                                 
8
 See also the Circular Economy Action Plan (COM (2020) 98 final). 
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The energy sector shows the largest potential in low-cost additional reductions beyond 

existing policies, notably by avoiding fugitive methane emissions from oil, gas and coal 

production and transport. These will be addressed among others in the upcoming 

Methane Strategy.  

The waste sector is expected to strongly reduce its emissions already under existing 

policies, notably due to the obligation to separately collect bio-waste as of 2024 and ban 

of bio-waste landfilling. Reductions will depend strongly on fully enforcing existing 

legislation. In addition, there is a further cost-effective reduction potential in wastewater 

treatment, notably through a better management of sewage sludge. Finally turning waste 

into a resource is an essential part of closing the loop towards a circular economy, 

reducing emissions across the entire industrial value chain. 

The majority of these emissions comes from the agriculture sector. Over the past years, 

the decline of these emissions has stagnated and in some cases emissions have even 

increased. In a business as usual situation, they are projected at best to slowly decrease 

by 2030. While these emissions can never be fully eliminated under existing technology 

and management options, they can be significantly reduced while ensuring food security 

is maintained in the EU. Efficient use of fertilisers, adopting precision farming, a 

healthier herd and the deployment of anaerobic digestion producing biogas and 

valorising organic waste are examples of existing technologies. Alternative options 

accelerating growth of sustainable shellfish and algae production could produce protein 

with a low greenhouse gas emissions footprint. Furthermore, by adapting its land use 

management and cultivating perennials on cropland in a sustainable manner for use of 

the harvested biomass in buildings, industry and energy, agriculture can greatly 

contribute to decarbonise other sectors.  

The land use sector 

Nature is a vital ally in the fight against climate change and halting the loss of 

biodiversity. It regulates the climate, and nature-based solutions will be essential for 

emissions reductions and adaptation to climate change. Restoring and growing our land 

carbon sink – the ability to absorb CO2 by our natural environment such as trees - is 

crucial to our climate goals.  

The EU land use, land use change and forestry (LULUCF) sector both emits greenhouse 

gases and absorbs CO2 in its soil and biomass. In total, it has been a significant net sink 

in the past. However, over recent years the EU’s sink has come under pressure from 

increased economic use and the adverse effects of climate change. While it expanded in 

the two decades from 1990 to 2010 from a net sink of around 250 million CO2eq to above 

300 million tons CO2eq, it has seen significant losses over the last five years. This resulted 

in a sink reduced to 263 million tons CO2eq in 2018. This underlines the risks for the 

magnitude of the sink, which is of crucial importance to achieve net zero greenhouse gas 

emissions by 2050. 

Unchanged land use practices and further increases in harvesting, in part driven by age 

class impacts of maturing managed forests, could see the sink potentially further decline 

to 225 million tons CO2eq by 2030. There are significant risks for the sink of rising 

negative impacts from natural hazards such as fires and pests due to a changing climate 

as well as increasing economic demand for forest biomass, which also negatively affect 

biodiversity. 
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We need a growing sink in order for the EU to achieve climate neutrality by 2050. 

Reversing the current trend requires significant short-term action due to long lead times, 

especially in forestry. This includes improved and enforced forest protection and more 

sustainable forest management as well as sustainable re- and afforestation and improved 

soil management including through the restoration of wetlands, peatlands and degraded 

land in line with the Biodiversity Strategy
9
 and contributing to its aims. Furthermore, a 

shift towards growing woody biomass on cropland in a sustainable manner, including as 

a feedstock for advanced biogas and biofuels, could alleviate the situation. The Impact 

Assessment estimates that, if implemented swiftly in the coming years, this could already 

reverse the current trend of a diminishing EU land carbon sink by 2030, increasing it 

again to levels above 300 million tons CO2eq. 

 4. UPDATING THE 2030 CLIMATE AND ENERGY POLICY FRAMEWORK 

The analysis in the Impact Assessment has looked at the broad changes, which, if any, 

would be required in the current policy framework to trigger the sectoral contributions 

identified above, and that can only be delivered through a whole of government 

approach. Key elements are summarised in the following pages. Specific impact 

assessments and public consultations will be carried out in the coming months to 

precisely determine the legislative changes the Commission intends to propose in June 

2021 to support the enhanced 2030 climate and energy framework and their cumulative 

impacts on the European economy. These will have to further assess sector specific 

distributional and competitiveness impacts by exploring feasible targeted solutions. 

The EU is implementing its current 2030 climate target of at least 40% greenhouse gas 

emissions reductions through three key pieces of climate legislation: 

  the Emissions Trading System Directive
10

, which sets up a cap and trade system 

for large industrial and power sector installations and the aviation sector to 

reduce emissions by 43% by 2030 compared to 2005; 

  the Effort Sharing Regulation (ESR)
11

, with binding greenhouse gas emissions 

pathways at Member State level for the remaining emissions, adding up to a 

reduction of 30% by 2030 compared to 2005;  

  the Land Use, Land Use Change and Forestry (LULUCF) Regulation
12

 that 

obliges Member States to ensure that the net carbon sink from land use does not 

deteriorate compared to how it would have evolved continuing existing land use 

management practices. 

Energy legislation and policies are also essential instruments contributing to the 

achievement of this target with the 2030 EU binding targets of at least 32% of renewable 

energy sources in the EU’s energy mix and at least 32.5% energy efficiency. The 

Renewable Energy Directive (RED II)
13

 and the Energy Efficiency Directive
14

 and the 

Regulation on the Governance of the Energy Union and Climate Action
15

 capture these 

                                                 
9
 COM(2020) 380 final 

10
 Directive (EU) 2018/410 amending Directive 2003/87/EC 

11
 Regulation (EU) 2018/842  

12
 Regulation (EU) 2018/841  
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targets in legislation, supported through sectoral legislation such as the Ecodesign 

directive
16

 and the Energy Performance of Buildings Directive
17

. A comprehensive set of 

notably transport and other sectoral policies also contribute to the achievement of the 

target.  

Current projections indicate that, if current policies are fully implemented, greenhouse 

gas emissions reductions
18

 by 2030 would be around 45% compared to 1990 levels when 

excluding land use emissions and absorptions, and around 47% when including land use. 

However, it is clear that, while current energy targets should allow us to surpass our 

current greenhouse gas emissions reduction target, this would not be sufficient to achieve 

a 55% greenhouse gas emissions reduction target. To achieve this, both the climate 

legislation as well as the energy policies need to be reviewed to deliver this ambition 

increase. 

This is also confirmed by the assessment of Member States’ final National Energy and 

Climate Plans (NECPs) under the Governance Regulation
19

. The Governance of the 

Energy Union and Climate Action establishes an iterative process for close cooperation 

between the Union and Member States, relying on draft and final NECPs. As set out in 

the Communication on an EU-wide assessment of National Energy and Climate Plans
20

, 

Member States have been ambitious when developing their national plans for the first 

time. The Commission’s analysis indicates that aggregated final national plans would 

surpass the renewable energy target at EU level by 1.7 percentage points while 

underachieving on the energy efficiency target by around 3 percentage points. Combined, 

this would result in around 41% greenhouse gas emissions reductions (excluding land use 

emissions and absorptions) by 2030 for the EU
21

.  

Higher ambition, therefore, requires adjustments to the current policy framework, and 

this in turn would offer a more balanced pathway towards climate-neutrality over the 

next 30 years, avoiding the need for sharp reductions after 2030 and reaping earlier the 

opportunities for sustainable growth and investment.   

An increasing role for emissions trading and energy taxation 

The EU Emissions Trading System (ETS) has proven to be an effective tool in reducing 

greenhouse gas emissions. Emissions from stationary sources declined by 33% between 

2005 and 2018. With carbon prices increasing, following the introduction of the Market 

Stability Reserve and the market anticipating the impact of the reinforcement of the 

system, these emissions saw a further drop by almost 9% year on year in 2019. 

Other policies, most notably renewable energy and energy efficiency policies, have 

contributed to the reductions in power sector emissions. However, it is clear that when 

the carbon price is sufficiently robust, it becomes a strong driver for immediate change 

(e.g. change of fuel used for electricity generation), and a strong signal for low carbon 

investments, and thus contributes decisively to the deployment of renewable energy and 

energy efficiency technologies.  
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The Commission has assessed carefully the possibility of reinforcing and expanding 

emissions trading as a tool to achieve greenhouse gas emissions reductions at the EU 

level. 

The Commission sees important benefits in expanding the use of emissions trading in the 

EU, to deliver in an economically efficient manner an increased climate ambition of 55% 

greenhouse gas emissions reductions. Emissions trading can achieve greenhouse gas 

emissions reductions cost-effectively. Its resulting carbon price internalises the climate 

externalities and gives consumers incentives to reduce greenhouse gas emissions. It 

guarantees environmental integrity in the form of the emissions cap and provides a strong 

price signal that influences daily operational and strategic investment decisions. At the 

same time, emissions trading raises revenues that can be re-invested in the economy 

leading to better overall economic outcomes.  

As already announced in the European Green Deal, a further expansion of the system 

could include emissions from road transport and buildings. Already now, the EU ETS 

directly or indirectly covers around 30% of buildings emissions from heating
22

. Covering 

all emissions of fossil fuel combustion and integrating them in the EU ETS would 

present important benefits in terms of effectiveness and administrative feasibility. The 

Commission therefore intends to pursue such an integrated approach and will look into 

incorporating it in its legal proposal by next year June. 

Next to extending the use of emissions trading also the revision of Energy Taxation 

Directive could contribute to putting a price on carbon and reducing emissions. Well-

designed tax reforms can promote economic growth, job creation and resilience and 

foster a just transition. At present, a wide range of sectoral tax exemptions and reductions 

are de facto forms of fossil fuel subsidies, which are not in line with the objectives of the 

European Green Deal. 

The Commission is aware that carbon pricing does not address all barriers to the 

deployment of low and zero emissions solutions. Other complementary policy actions are 

needed to ensure that the incentives align and to trigger further investments in clean 

energy technologies and infrastructure or to overcome financing difficulties for low-

income households. In road transport, emissions trading has the advantage of capturing 

fleet emissions under the cap and simultaneously incentivising behavioural change with 

lasting effects on mobility solutions through the price signal. At the same time, the CO2 

emissions performance standards for cars are the main driver to ensure the supply of 

modern and innovative clean vehicles, including electric cars. Ambitious CO2 emissions 

standards for cars and vans will be needed to ensure a clear pathway towards zero 

emissions mobility. 

Therefore, the existing regulatory and enabling framework will be further developed in 

parallel. Renewable energy, energy efficiency and transport policies and standards will 

be revised and, where needed, new policies will be introduced. Sectoral ambitions will be 

set in light of the 55% economy wide greenhouse gas emissions reduction target. The 

Commission will underpin these ambitions with policies fostering a just transition, 

research and development and sustainable finance and ensure an effective use of the 

Union’s budget and recovery funds to support the transition.  

Next steps on emissions trading 
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An expanded emissions trading system could be developed as an upstream trading 

system regulating at the point of fuel distributors or tax warehouses and would need to 

appropriately address any risk of double counting, evasion or loopholes in relation to 

entities covered by the existing downstream system for the aviation, power and industrial 

sectors.  

As the existing EU ETS has shown, the development of a new market requires setting up 

functioning monitoring, reporting and verification and can benefit from transitional 

arrangements or a pilot period before being gradually integrated into the existing system.  

Low-income households bear a higher burden of heating and fuels expenses compared to 

wealthier households. This underlines that any expansion of emissions trading will need 

to address distributional impacts, e.g. by using part of the corresponding auction 

revenues. This will depend on the revenue allocation between the EU and national level 

and on its well-targeted use (e.g. Modernisation Fund and Innovation Fund).
23

  

Increasing the EU’s 2030 climate ambition will also require a strengthened cap of the EU 

ETS to create the necessary long-term carbon price signal and drive further 

decarbonisation.  

This will require revisiting the linear reduction factor that defines the annual reduction of 

the cap beyond its current level of 2.2% to guarantee that the sectors covered by the EU 

ETS deliver the necessary emissions reductions. Considering that the nominal cap is 

currently higher than actual emissions, a change in the linear reduction factor could 

potentially be combined with a one-off reduction of the cap that would put it closer to the 

actual emissions level. The Commission will further assess how to strengthen the cap in 

the context of an extension of the system and next year’s review of the functioning of the 

Market Stability Reserve. Similarly, the Commission will further assess the combined 

impact of an expanded system and a strengthened cap on the free allocation available for 

industry to effectively address the risk of carbon leakage. The Impact Assessment 

already estimates that, at first sight, a significant amount of free allocation would still be 

available, even with the necessary strengthening of the cap.  

Furthermore as the EU is increasing its climate ambition, the Commission is working on 

introducing a carbon border adjustment mechanism in certain sectors to address the risk 

of carbon leakage. It is considering several options as an alternative to the current 

measures addressing that risk as part of an on-going impact assessment with a view to 

table a legislative proposal in the first half of 2021. 

Emissions trading: maritime and aviation 

EU international emissions from navigation and aviation have grown by more than 50% 

since 1990. Action in these sectors is urgently needed, including as they recover from the 

current crisis. The EU has a legislative framework in place that covers all greenhouse gas 

emissions except from maritime transport, for which the current regulation focuses solely 

on monitoring, reporting and verification of emissions. For aviation, the application of 

the EU ETS is currently suspended in relation to flights to countries outside the European 

Economic Area to allow for the development of corresponding international instruments.  

                                                 
23
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own resources system and introduce new own resources for the Union. In this context, the European 
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extending it to maritime and reducing the allowances allocated for free to airlines. 
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For both sectors, in accordance with its international commitment to economy-wide 

action under the Paris Agreement, the EU should continue to regulate at least intra-EU 

aviation emissions in the EU ETS and include at least intra-EU maritime transport in the 

EU ETS
24

. For aviation, the Commission will propose to reduce the free allocation of 

allowances, increasing the effectiveness of the carbon price signal in this sector, while 

taking into account other policy measures such as energy taxation and the ReFuelEU 

initiatives.  

International cooperation on  maritime transport and aviation is desirable. International 

instruments negotiated or under negotiation in the International Maritime Organization 

(IMO) and the International Civil Aviation Organization (ICAO), such as the Carbon 

Offsetting and Reduction Scheme for International Aviation (CORSIA),should promote 

effective action in this context. In the light of progress at global level, the Commission 

will give fresh political consideration to the international aspects of the EU ETS, taxation 

and fuel policies for aviation and maritime to ensure the gradual decarbonisation of all 

fuel use from transport relating to the EU with the ambition to include international 

emissions from aviation and navigation into the EU ETS.  

Agriculture, Land Use, Land Use Change and Forestry sector 

The Land Use, Land Use Change and Forestry sector’s emissions and removals will be 

fully integrated into the proposed 2030 EU greenhouse gas target as reported under the 

UNFCCC inventory.  

This will be the starting point of the pathway between 2030 and 2050 for achieving 

climate neutrality and allow monitoring progress towards net zero greenhouse gas 

emissions by 2050 in a fully coherent manner. Corresponding targets need to be set in the 

Effort Sharing Regulation and under the EU ETS, to ensure that in total, at least the 

economy wide 2030 greenhouse gas emissions reduction target of 55% will be met. 

The Land Use, Land Use Change and Forestry Regulation currently requires EU Member 

States to maintain their natural carbon sink according to existing land use practices. It 

covers the activities of both the forestry and agriculture sectors.  

Over time, the sector should do more. The current trend of a decreasing land carbon sink 

needs to be stopped and reversed. The Biodiversity Strategy, the Farm to Fork Strategy, 

the forthcoming Forest Strategy, EU Nature Restoration Plan and the new Adaptation 

Strategy will all put strong policies in place to protect and enhance the natural sink and 

resilience of the EU’s forests to climate change, restore degraded land and ecosystems, 

rewet wetlands and promote the bio-economy, including the use of durable harvested 

wood products, in full respect of ecological principles fostering biodiversity.  

The sector will have to provide for food, feed and materials for a growing world 

population in a climate-neutral economy. Strong synergies and trade-offs with 

biodiversity aspects exist. The direction should be to increase the use of sustainably 

produced biomass and minimise the use of whole trees and food and feed-based crops to 

produce energy. Addressing this includes reviewing and revisiting, as appropriate the 
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biomass sustainability criteria in the Renewable Energy Directive, which are also used in 

the EU ETS, following the ongoing Commission’s assessment of the EU and global 

biomass supply and demand and related sustainability.  

Biomass-related aspects will need to be assessed in a coherent manner with other fuel 

initiatives, e.g. the Renewable Energy Directive, the Fuel Quality Directive and the 

upcoming initiatives promoting sustainable aviation and maritime fuels. A fuel policy 

coherent with the overall climate and energy policy will be essential for those sectors 

with hard to abate emissions, be it to produce biogas and biofuels or hydrogen or e-fuels. 

Land Use, Land Use Change and Forestry presently removes more CO2 by storing it in 

biomass or in soil carbon than it releases to the atmosphere. This sink needs to be 

maintained and even enhanced to balance any remaining emissions in the economy with 

carbon dioxide removals and to achieve net zero GHG emissions by 2050. Increased 

flexibility between the Land Use, Land Use Change and Forestry Regulation and the 

Effort Sharing Regulation could be a way to strengthen incentives for removals in the 

land use sector itself. An ambition increase in the Land use, Land use change and 

Forestry sector beyond the current requirements needs to be assessed carefully given the 

diverse situation across Member States. This would benefit from the detailed analysis 

and elaboration of policies implementing the biodiversity and forestry strategies, which 

in principle will drive some of the additional actions reducing emissions in the sector. 

The Commission will reflect upon these options when coming forward with a legislative 

proposal to update the Land Use, Land Use Change and Forestry Regulation and the 

Effort Sharing Regulation next year. 

To make removals happen in practice, individual farmers or forest managers need to be 

directly incentivised to store more carbon on their land and their forests. Currently this 

depends strongly on Member States action but carbon farming and certification of carbon 

removals should increasingly be deployed in the run up to 2030.  

A further step to enhance removals could be to integrate agriculture non-CO2 greenhouse 

gas emissions into the land use, land use change and forestry sector and to create a new 

regulated sector covering agriculture, forestry and land use. Such a sector would have the 

potential to become rapidly climate-neutral by around 2035 in a cost-effective manner, 

and subsequently generate more removals than greenhouse gas emissions. This would 

require a novel policy approach that would (i) set national and sub-sectoral targets and 

benchmarks, (ii) create flexibility across the EU ensuring cost-effective incentives and 

mobilise the necessary financial resources, as well as (iii) develop the certification of 

carbon removals. An EU carbon farming initiative under the Climate Pact will 

demonstrate and promote such new business models. 

Over time, the Commission clearly sees merit in the creation of an Agriculture, Forestry 

and Land Use sector with its own specific policy framework covering all emissions and 

removals of these sectors and to become the first sector to deliver net zero greenhouse 

gas emissions. Subsequently, this sector would generate carbon removals to balance 

remaining emissions in other sectors induced by a robust carbon removal certification 

system. 

Effort Sharing Regulation 

Introducing emissions trading for a significant share of the existing Effort Sharing 

Regulation sectors and eventually folding agricultural non-CO2 emissions into the land 

use sector would have consequences for this Regulation. The Commission will give 
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consideration to different options in light of an expansion of emissions trading to all 

fossil fuel use.  

If, on one hand, the scope of the Regulation were to be maintained creating overlap 

between the sectors covered by the EU ETS and the Effort Sharing Regulation, this 

would provide an incentive for Member States to take subsidiary action strengthening the 

regulatory framework for sectors such as buildings and road transport. If, on the other 

hand, the scope were to be reduced, and in case of a full transition to an EU ETS 

covering all fossil fuel combustion emissions, the Regulation would predominantly cover 

non-CO2 emissions. Its role and purpose would be further reduced in case of a move of 

agriculture non-CO2 emissions towards an agriculture and land use sector. If all other 

objectives of the Regulation were sufficiently targeted by other legislative instruments, 

the Regulation could even be repealed as a whole in the future. 

Considering the need to maintain strong incentives and accountability for Member States 

to ensure action at national level, the Commission will use the upcoming impact 

assessment for both the review of the Emissions Trading System and the Effort Sharing 

Regulation to further consult the public on the role of the Effort Sharing Regulation and 

the related Governance Regulation. At the same time, Member States have different 

capabilities to reduce greenhouse gas emissions. The EU budget together with the Next 

Generation EU package can be a strong driver for transformation and leverage 

sustainable private and public investment, if resources are well-deployed. It will remain 

essential to address distributional concerns between Member States in order to ensure a 

fair transition.  

Renewable energy policies 

Renewable energy plays a fundamental role for delivering the European Green Deal and 

for achieving climate neutrality by 2050.  

Based on the assessment carried out, it is clear that the EU needs to transit from today’s 

energy system to an integrated energy system largely based on renewables already by 

2030. The greenhouse gas emissions reduction target of 55% achieved through the 

combination of intensified policies and the extension of the EU ETS is assessed to reach 

a share of renewables of around 38.5%. 

Renewables will need to be deployed at larger scale to contribute to the higher climate 

ambition and to promote the Union’s industrial leadership on renewable technologies. An 

increased renewables target will provide the necessary predictability and investment 

certainty for further renewable energy deployment across all sectors. 

The transition to climate neutrality requires a competitive, secure and sustainable energy 

system and a robust internal market framework. The existing framework and recent EU 

strategies on Energy System Integration, on Hydrogen and on Batteries set important 

enabling conditions for the uptake of renewable energy carriers. To go further, relevant 

legislation will be reinforced and supported by the forthcoming Commission initiatives 

on a Renovation Wave, an Offshore Energy strategy, alternative fuels for aviation and 

maritime as well as a Sustainable and Smart Mobility Strategy.  

EU action will focus on cost-effective planning and development of renewable energy 

technologies, eliminating market barriers and providing sufficient incentives for demand 

for renewable energy, particularly for end-use sectors such as heating and cooling or 

transport either through electrification or via the use of renewable and low-carbon fuels 
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such as advanced biofuels or other sustainable alternative fuels. The Commission will 

look into capacity building schemes to implement citizen-driven renewable energy 

communities financed by the EU and self-consumption models enabling higher consumer 

uptake and faster development of decentralised renewable energy technologies. 

Continuous support for corporate sourcing of renewable energy, and establishing 

minimum mandatory green public procurement criteria and targets in relation to 

renewable energy may also be needed. 

Specifically in the fossil fuel dominated heating and cooling sector, the Commission 

intends to assess the nature and the level of the existing, indicative heating and cooling 

target, including the target for district heating and cooling, as well as the necessary 

measures and calculation framework to mainstream further renewable and low carbon 

based solutions, including electricity, in buildings and industry.  

For transport, the Impact Assessment demonstrates that there is a clear role for 

electrification as a key avenue for decarbonisation. However, some transport sectors 

heavily depend on high energy density fuels, such as the aviation and maritime. 

Alongside the sustainable alternative fuels initiatives for these sectors, ReFuelEU 

Aviation and FuelEU Maritime, the Commission will propose an updated methodology 

to promote, in accordance with their greenhouse gas performance,  the use of renewable 

and low-carbon fuels in the transport sector set out in the Renewable Energy Directive. 

In addition, a comprehensive terminology for all renewable and low-carbon fuels and a 

European system of certification of such fuels, based notably on full life cycle 

greenhouse gas emissions savings and sustainability criteria, and existing provisions for 

instance in the Renewable Energy Directive would support the further development of 

renewables. Large-scale deployment of renewables also requires the necessary 

infrastructure. A holistic approach to large-scale and local infrastructure planning, 

protecting and enhancing the resilience of critical infrastructures is needed and will guide 

the forthcoming revisions of the TEN-E and TEN-T regulations, and of the Alternative 

Fuels Infrastructure Directive. Modern low-temperature district heating systems should 

be promoted, as they can connect local demand with renewable and waste energy 

sources, as well as the wider electric and gas grid in order to optimise supply and demand 

across energy carriers.  

Energy Efficiency policies 

The EU has a comprehensive framework for a wide range of energy efficiency measures 

across different sectors
25

. A rigorous enforcement of existing legislation on energy 

efficiency is necessary but insufficient to reach the increased climate target. The Impact 

Assessment shows that energy efficiency improvements will need to be significantly 

stepped up to around 36% in terms of final energy consumption
26

. 

Achievement of a more ambitious energy efficiency target and closure of the collective 

ambition gap of the national energy efficiency contributions in the NECPs will require 

actions on a variety of fronts, largely through the legislative policy initiatives already 
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2012 Energy Efficiency Directive together with the Energy Performance for Buildings Directive, the 

Ecodesign Directive and the Energy and Tyre Labelling Regulations 
26

 The Impact Assessment identifies a range of 35.5 % - 36.7 depending on the overall design of policy 

measures underpinning the new 2030 target. This would correspond to a range of 39.2%- 40.6% in terms of 

primary energy consumption.  
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announced by the European Green Deal for June 2021. Therefore these initiatives will 

identify the precise policy options available as well as the exact level of new targets.  

However, the analysis accompanying this Communication already indicates that most 

savings would need to come from buildings. The forthcoming Renovation Wave will 

therefore launch a set of actions to increase the depth and the rate of renovations at single 

building and at district level, switch fuels towards renewable heating solutions, diffuse 

the most efficient products and appliances, uptake smart systems and building-related 

infrastructure for charging e-vehicles, and improve the building envelope (insulation and 

windows). Action will be taken not only to better enforce the Energy Performance of 

Buildings Directive, but also to identify any need for targeted revisions. The possibility 

of establishing mandatory requirements for the worst performing buildings and gradually 

tightening the minimum energy performance requirements will also considered as a 

means to ensure a suitable minimum pace for the improvement of the building stock. 

Building on the existing framework and the long-term renovation strategies, other 

measures will be identified to remove the main barriers to building renovation and 

reinforce the pull factors for faster and deeper renovations. The Renovation Wave will 

address the necessary elements to achieve and sustain higher renovation rates, including 

regulatory strengthening. It will foresee adequate financial instruments, for instance to 

facilitate de-risking and incentivising the measurement of actual energy savings, and 

other facilitating measures, such as fostering training in the required skills. Indicative 

milestones for 2030, 2040 and 2050 and with measurable progress indicators will be set 

up. 

Over and beyond the contribution from the building sector, other efforts will be needed 

to achieve a more ambitious energy efficiency target. 

The existing energy efficiency requirements and product standards will be reviewed in 

the first half of 2021. In addition, the forthcoming Sustainable Product Legislative 

initiative announced in the Circular Economy Action
27

 Plan will look into widening the 

Ecodesign approach to other product categories. 

The higher ambition level will also require to better promote energy efficiency wherever 

cost-effective in all areas of the entire energy system as well as in all relevant sectors 

where activity affects demand for energy, such as transport and the agriculture sectors. In 

this context, the Commission will present dedicated guidelines in the first quarter of 

2021. Considering that the Information and Communication Technologies (ICT) sector 

accounts for between 5 and 9% of global electricity consumption and more than 2% of 

global greenhouse gas emissions, the EU Digital Strategy
28

 announced a commitment to 

make data centres climate-neutral by 2030, with actions to be put in place in 2021 to 

2022. 

Road transport CO2 vehicle standards 

For road transport, CO2 and vehicle standards have proven to be an effective policy tool. 

In parallel to applying emissions trading to road transport at the level of the fuel supplier 

and road pricing in line with the ongoing revision of the Eurovignette Directive , only 

stringent CO2 emissions performance standards ensure the supply of modern and 

innovative clean vehicles, including vehicles that see strong reductions in fuel 
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consumption and drive trains such as battery or fuel cell electric vehicles with no tank to 

wheel emissions at all. By June 2021, the Commission will therefore revisit and 

strengthen the CO2 standards for cars and vans for 2030.  

This work has to look beyond 2030. The Impact Assessment indicates that to reach the 

overall climate neutrality target in 2050, nearly all cars on the roads must be zero 

emissions by that time. This transition needs to be flanked by the appropriate roll out of 

infrastructure for recharging and refuelling of those vehicles. The upcoming revision of 

the Alternative Fuels Infrastructure Directive is a key initiative in this regard. The 

development and testing of new automotive technologies have long lead times and cars 

are on the roads between 10 and 15 years. The Commission will also assess in the 

coming months what would be required in practice for this sector to contribute to 

achieving climate neutrality by 2050 and at what point in time internal combustion 

engines in cars should stop coming to the market.  

Mainstreaming of climate action across all policies 

Many other EU policies have been put in place, or are being reoriented to contribute to 

the ‘do no harm’ principle and the transition to climate neutrality. Mainstreaming of 

climate policy objectives into other EU policies is a key enabler and will allow for an 

inclusive transformation based on a just transition. 

The Sustainable Europe Investment Plan aims at boosting sustainable investments. Its 

Just Transition Fund (the first pillar of the Just Transition Mechanism) addresses head on 

the acceleration of the transition in coal, peat, oil shale and carbon-intensive regions. The 

InvestEU programme focuses on attracting private investments, and it has been proposed 

to use at least 30% of its overall financial envelope to contribute directly to achieving the 

climate objectives. The Modernisation Fund will support the transition of the energy 

system in lower income Member States. The European Regional Development Fund and 

the Cohesion Fund will support complementary investments in energy efficiency, 

renewables, innovation and research. The European Social Fund Plus will provide 

comprehensive support for up- and re-skilling of workers. Moreover, the Commission 

will propose in May 2021 an Action Plan for the implementation of the European Pillar 

of Social Rights promoting just transitions, access to training and essential services 

including energy, mobility and housing for all. The Commission’s Long-term Vision on 

rural areas to be launched next year will pay specific attention to promoting sustainability 

for citizens living in remote, rural areas. 

Horizon Europe, the new research and innovation framework programme, with inter alia 

a dedicated Climate, Energy and Mobility cluster, will see at least 35% of its funds 

supporting the achievement of the climate goals. The Innovation Fund will support the 

demonstration of breakthrough technologies at commercial scale in the energy and 

industry sectors. 

The Renewed Sustainable Finance Strategy with its envisaged legislative and non-

legislative initiatives will guide private investments more towards green recovery and 

sustainable economic activities. Among other initiatives, the EU sustainable finance 

taxonomy, the EU Green Bond Standard and climate benchmarks will play a crucial role 

in fostering investment closer to the needs of the real economy for the benefit of the 

planet and society.  
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To achieve climate neutrality, a 90% reduction in overall transport emissions by 2050 

compared to 1990 levels will be one main objective of the forthcoming Sustainable and 

Smart Mobility Strategy while addressing recovery of the sector. 

Industry must lead change as Europe embarks on its transition towards climate neutrality 

and digital leadership, while leveraging the impact of its single market to set global 

standards. Both the European Industrial Strategy
29

 and the EU Circular Economy Action 

Plan point towards increased resource efficiency and the circular economy as 

indispensable pathways for a modernisation of EU industry contributing to greenhouse 

gas emissions reductions. 

Secure supply of batteries in line with the strategic action plan for batteries under the 

European Battery Alliance will be indispensable for decarbonising the EU’s energy 

system by enabling integration of increasing amounts of renewable energy, and our 

transport sector by catalysing the shift to electric vehciles. 

The forthcoming Zero Pollution Action Plan for air, water and soil will look at how to 

further address pollution from large industrial installations fully consistent with climate, 

energy, as well as circular economy policies. The EU’s Digital Strategy supports digital 

technologies that can help achieve climate-neutrality across all sectors of the EU 

economy, and aims at greening the ICT sector itself.  

The CAP strategic plans to be developed by Member States are a key opportunity to 

direct more resources to reduce emissions in the agriculture sector in a durable manner, 

while enhancing the economic and environmental sustainability and resilience of the 

sector. 

Preparing a more ambitious EU strategy on adaptation to climate change will be essential 

for all sectors, as climate change will continue to create increasing stress on the Europe 

economic and social fabric, in spite of the mitigation efforts. 

Both mitigation and adaptation will in turn benefit from the EU Space programmes such 

as Copernicus with ever improving monitoring capabilities.  

Overall, higher ambition by 2030 and the transition to climate neutrality and recovery 

from the COVID-19 crisis will be both a challenging task and an opportunity to build a 

better future for all. A Technical Support Instrument ensures that the Member States can 

benefit from tailor-made expertise for developing sustainable and growth enhancing 

reforms. 

Alongside government policies and regulation, citizens, communities and organisations 

have their part to play. Regions, cities and towns are key centres of transformative and 

sustainable solutions that lead the way forward through movements such as the Covenant 

of Mayors. To this end, the Commission will launch the European Climate Pact to give 

everyone a voice and space to design climate action, share information, launch grassroots 

activities and showcase solutions that others can follow.   

International dimension 

As an advanced economy, with a proven track record in successful implementation of 

ambitious climate policy, the EU has the possibility – as well as the moral obligation – to 
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influence global greenhouse gas emissions trends and increase resource efficiency, 

within and beyond the international climate negotiations. Raising the EU ambition from 

the current level to 55% within the next ten years will double the ambition of the EU’s 

nationally determined contribution and set the stage for the upcoming UN climate change 

negotiations in 2021, thereby reinforcing the EU’s global leadership position.  

The Commission invites the European Parliament and the Council to consider this as the 

EU‘s new contribution to the Paris Agreement. This should be submitted to the 

UNFCCCC as the updated EU’s Nationally Determined Contribution before the end of 

the year. This would give an early boost to the UN’s preparations of the next meeting of 

the Parties of the Paris Agreement in late 2021, as well as the UN’s Decade for Action 

(2030 Agenda).  

By setting a higher target for 2030, and thereby increasing its ambition under the Paris 

Agreement, the EU would set a positive example for the rest of the world of how climate 

change can be effectively tackled, while pursuing a modern and competitive economy 

and a prosperous, inclusive and resilient society. It would also provide momentum for 

next year’s multilateral discussions in the context of the G7 and the G20, which will be 

presided by the UK and Italy, respectively. Through its external assistance the EU will be 

able to support third countries in their effort to raise their climate ambitions. 

The EU should continue leading by example, but it must also use its leverage to promote 

a global change in economic incentives in support of the low-carbon transition taking 

into account changing geopolitical and geoeconomic realities. The EU will continue to 

foster multilateral rule-based cooperation, using its green, climate and energy diplomacy 

– and the full spectrum of its external policy instruments to enhance the ambition level of 

its partners, and in particular the largest and upcoming emitters, and accelerate the global 

transition to climate neutrality. This means using the EU’s strategic partnerships, external 

financing, trade and other cooperation platforms including through the deployment of 

international environmental standards and promotion of clean technologies through trade. 

The private sector should play an important role and EU leadership on sustainable 

finance, in particular through the EU taxonomy as a tool to help investors in the 

transition to a low-carbon, resilient and resource-efficient economy as well as through 

the International Platform on Sustainable Finance with our international partners will be 

instrumental. The EU will seek mutually beneficial alliances and ensure an international 

level playing field around new sustainable technologies, such as renewable hydrogen, 

advanced solar and wind, batteries, and carbon capture, as well as around critical raw 

materials for these technologies, such as rare earths. The EU’s position as the world’s 

largest trading block provides significant opportunities in this respect.  

At the same time, to effectively contain global climate change and achieve the UN 

Sustainable Development Goals, all countries and notably G20 members will need to 

come forward with much more ambitious actions to prevent catastrophic consequences.  

In the absence of comparable increases in ambition by our partners, as the EU increases 

its climate ambition, the Commission will propose a carbon border adjustment 

mechanism , for selected sectors, to reduce the risk of carbon leakage as a an alternative 

to measures currently in place to address that same risk .. Hence, the Commission is 

looking into the options for setting up an effective carbon border adjustment mechanism, 

compliant with World Trade Organization rules.  
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 5. CONCLUSIONS AND NEXT STEPS 

Raising the EU’s ambition of greenhouse gas emissions reductions to 55% by 2030 is 

feasible and beneficial for the health, prosperity, and wellbeing of our citizens. Without 

underestimating the challenge of mobilising significant additional investments in the 

coming decade and promoting a just transition, it offers the opportunity for sustainable 

growth, and, in the context of the COVID-19 recovery, an opportunity for durable 

investments that can kick-start the EU economy.  

Higher ambition for 2030 will contribute to a more gradual emissions reduction path and 

a more balanced economic and social transition towards climate neutrality in the next 30 

years. Therefore, it will be more credible, more prudent and fairer with respect to future 

generations.  

Pressure on natural resources, general uncertainty around global developments, and the 

growing climate concerns of the global population will increase pressure on all 

governments to act swiftly. Acting ambitiously will provide the EU and its businesses 

and industries a first-mover advantage in the international economic arena, increasing its 

competitiveness in the growing global markets for sustainable and green technologies.  

Equally important, enhancing ambition will deliver very important benefits alongside the 

fight against climate change, like a reduced fossil fuel import bill, higher energy security, 

reduced air pollution, better health, improved biodiversity, lower dependence on 

imported raw materials, and less hazards from waste. Paired with intensified renewables 

and energy efficiency policies, it will cut energy costs for households and companies, 

and provided that social impacts are addressed help alleviate energy poverty and 

contribute to growth and jobs. 

EU citizens, businesses and social partners require increased certainty and predictability 

on the pathway towards climate neutrality. Therefore, the Commission is amending its 

proposal for the first European Climate Law
30

 today, adding a 2030 target of at least 55% 

net greenhouse gas emissions reductions compared to 1990. This will be the starting 

point for a smooth pathway for the EU to become climate-neutral by 2050. The 

Commission invites the European Parliament and the Council to swiftly reach agreement 

on and adopt the European Climate Law Regulation. 

Over the course of the coming nine months, the Commission will review its key climate 

and energy legislation. This Communication already identifies key options to amend it. 

The Commission is convinced that all policy instruments relevant for the decarbonisation 

of our economy must work in coherence in order to achieve our objectives. A reinforced 

and expanded use of emissions trading at EU level, energy efficiency and renewable 

energy policies, instruments supporting sustainable mobility and transport, circular 

economy, environmental, agricultural, financial, research and innovation, and industrial 

policies will all have important roles in achieving the objectives of the European Green 

Deal in general and an increased climate target for 2030 and climate neutrality by 2050 

in particular. 

Drawing on a broad public debate and a process of consultation with the European 

Parliament, the Council, the Economic and Social Committee and the Committee of the 

Regions, as well as national Parliaments, and all citizens and stakeholders - namely 

through the European Climate Pact, but also the upcoming Conference on the Future of 

                                                 
30

 COM(2020) 80 final 
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Europe - the Commission will prepare the key necessary legislative proposals by June 

2021. This process should pave the way for their subsequent rapid adoption, and leave 

sufficient lead-time for all actors to achieve the increased 2030 climate and energy 

ambition. 
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European Commission - Press release

State of the Union: Commission raises climate ambition and proposes 55%
cut in emissions by 2030

Brussels, 17 September 2020

 

The European Commission presented today its plan to reduce EU greenhouse gas emissions by
at least 55% by 2030, compared to 1990 levels. This level of ambition for the next decade will put
the EU on a balanced pathway to reaching climate neutrality by 2050. The new target is based on a
comprehensive Impact Assessment of the social, economic and environmental impacts. The
Assessment demonstrates that this course of action is realistic and feasible. This raised ambition also
underlines the EU's continued global leadership, ahead of the next UN climate conference
(COP26).

The Commission has today:

tabled an amendment to the proposed European Climate Law, to include the 2030
emissions reduction target of at least 55% as a stepping stone to the 2050 climate neutrality
goal;

invited the Parliament and Council to confirm this 55% target as the EU's new Nationally
Determined Contribution (NDC) under the Paris Agreement, and to submit this to the
UNFCCC by the end of this year;

set out the legislative proposals to be presented by June 2021 to implement the new
target, including: revising and expanding the EU Emissions Trading System; adapting the
Effort Sharing Regulation and the framework for land use emissions; reinforcing energy
efficiency and renewable energy policies; and strengthening CO2 standards for road vehicles.

Ursula von der Leyen, President of the European Commission said: ““We are doing everything in our
power to keep the promise that we made to Europeans: make Europe the first climate neutral
continent in the world, by 2050. Today marks a major milestone in this journey. With the new target
to cut EU greenhouse gas emissions by at least 55% by 2030, we will lead the way to a cleaner
planet and a green recovery. Europe will emerge stronger from the coronavirus pandemic by
investing in a resource-efficient circular economy, promoting innovation in clean technology and
creating green jobs.”

Frans Timmermans, Executive Vice-President for the European Green Deal, said: “In this crucial
moment for our health, our economy and for global climate action, it is essential that Europe leads
the way to a green recovery. We owe it to our children and grandchildren to take action now. Today,
Europe is showing the world how we will enhance the wellbeing and prosperity of our citizens in the
next decade as we work towards our goal of climate neutrality by 2050.” 

Kadri Simson, Commissioner for Energy, said: “Based on existing policies and the plans of Member
States, we are on course to surpass our current 40% target for 2030. This shows that being more
ambitious is not only necessary, but also realistic. The energy system will be at the heart of this
effort. We will build on the success story of the European renewables sector, look at all the tools at
our disposal to increase our energy efficiency and lay a firm foundation for a greener Europe.”

Alongside the 2030 Climate Target Plan and its Impact Assessment, the Commission has also
adopted today an assessment of Member States' National Energy and Climate Plans for 2021-
2030. The Commission's Assessment shows that the EU is on track to surpass its current 2030
emissions reduction target of at least 40%, in particular thanks to ongoing progress in deploying
renewable energy across Europe. To reach the new goal of 55%, the EU will have to further increase
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energy efficiency and the share of renewable energy. This will now be subject to further consultation
and analysis before legislative proposals are presented by the Commission in June 2021.

The new 2030 climate target will help to focus Europe's economic recovery from the coronavirus
pandemic. It will stimulate investments in a resource-efficient economy, promoting innovation in
clean technology, fostering competitiveness and creating green jobs. Member States can draw on the
€750 billion NextGenerationEU recovery fund and the EU's next long-term budget to make these
investments in the green transition. To support the necessary investments, the Commission has also
adopted today the rules for a new EU Renewable Energy Financing Mechanism, to make it easier
for Member States to work together to finance and deploy renewable energy projects.

Background

An increase of the 2030 EU target for greenhouse gas emission reductions was first announced in
President von der Leyen's political guidelines in July 2019, in line with the Paris Agreement
objective to keep the global temperature increase to well below 2°C and pursue efforts to keep it to
1.5°C.

In the Impact Assessment published today, and based on a broad consultation process conducted
over the past year, the Commission has thoroughly examined the effects on our economy, society
and environment of reducing emissions by 50% to 55% by 2030, compared to 1990 levels. The
Impact Assessment has carefully considered the mix of policy instruments available and how each
sector of the economy can contribute to these targets. The conclusion is that a balanced, realistic,
and prudent pathway to climate neutrality by 2050 requires an emissions reduction target of at least
55% by 2030.

Achieving 55% greenhouse gas emissions reductions will require action in all sectors of the economy.
A climate-neutral transition can only be accomplished with contributions from everyone. CO2
emissions from the burning of fossil fuels are the largest source of greenhouse gas emissions in the
EU. Together with fugitive non-CO2 emissions in the energy system, they are responsible for just
over 75% of EU greenhouse gas emissions. This underlines the energy system's central role in the
transition to a climate neutral economy. Buildings and transport are, alongside industry, the main
energy users and source of emissions. Decarbonising both energy supply and demand is key to
achieving climate neutrality.

The assessment of Member States' National Energy and Climate Plans shows that they are
accelerating their energy and climate transition. It indicates that the share of renewable energy in
the EU could reach 33.7% by 2030, going beyond the current target of at least 32%. Regarding
energy efficiency, an ambition gap remains: at 2.8% for primary energy consumption and 3.1% for
final energy consumption, compared to the target of at least 32.5%. To address this, the Commission
will take action, in particular through the upcoming Renovation Wave initiative and the review and
possible revision of the Energy Efficiency Directive, and guidance for the Energy Efficiency First
Principle. The EU-level NECP assessment published today will be complemented in October by
individual Member State assessments, as part of the State of the Energy Union report.

The Climate Law Regulation, proposed by the Commission in March 2020, aims to enshrine into EU
law the 2050 climate-neutrality target agreed by EU leaders in December 2019 and set the direction
of travel for all EU policy. The Commission now proposes to include the revised 2030 target in the
Regulation, which is currently being discussed by the European Parliament and Council. The new
2030 target will also form the basis of discussions on revising the EU's Nationally Determined
Contribution to reducing emissions under the Paris Agreement.

As set out in the European Green Deal and in today's Communication, the Commission will now start
preparing detailed legislative proposals on how to achieve this new target. The Commission will
review all relevant climate and energy policy instruments to achieve the emission reductions with a
view to making appropriate proposals by June 2021.

More Information:

Memo (Q&A) on the 2030 Climate Target Plan

Communication on Stepping up Europe's 2030 Climate Ambition

Impact Assessment on Stepping up Europe's 2030 Climate Ambition (part 1) - (part 2)

EU-wide Assessment of National Energy and Climate Plans

Factsheet - The 2030 Climate Target Plan: A Vision for Europe

Factsheet - Policy Tools for the 2030 Climate Target Plan
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https://ec.europa.eu/clima/sites/clima/files/eu-climate-action/docs/com_2030_ctp_en.pdf
https://ec.europa.eu/clima/sites/clima/files/eu-climate-action/docs/impact_en.pdf
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https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1600339004657&uri=COM:2020:564:FIN
https://ec.europa.eu/commission/presscorner/detail/en/fs_20_1609
https://ec.europa.eu/commission/presscorner/detail/en/fs_20_1610


Factsheet – National Energy and Climate Plans Assessment

State of the Union Address

Press release on the main initiatives of the State of the Union 2020

Dedicated webpage on the State of the Union 2020

European Green Deal

NextGenerationEU Recovery Plan for Europe

Renewable Energy Finance Mechanism

2030 Climate Target Plan

National Energy and Climate Plans

Video on the 2030 Climate Target Plan

IP/20/1599

Press contacts:

Tim McPHIE (+ 32 2 295 86 02)
Lynn RIETDORF (+32 2 297 49 59)
Ana CRESPO PARRONDO (+32 2 298 13 25)

General public inquiries: Europe Direct by phone 00 800 67 89 10 11 or by email

Related media

 INES is the French National Institute for Solar Energy
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Home  / About the Climate Change Committee  / Our expertise  / Advice on reducing the
UK’s emissions

Our expertise

 Advice on reducing the UK’s emissions

 Advice on adapting to climate change

 The benefits of the Climate Change Act

Advice on reducing the UK’s emissions

How the CCC advises on UK emissions targets

We assess the latest greenhouse gas emissions data to judge whether the UK is on course
to meet its carbon budgets. We report progress to the UK Parliament and Parliaments in
Scotland and Wales annually, and to Northern Ireland on request.

UK emissions were 48% below 1990 levels in 2020 ( This reduction reflects the impact
COVID-19 had on emissions in 2020, much of which is not expected to be permanent. The
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fall in emissions between 2019 and 1990 was 40%).

The first carbon budget (2008 to 2012) was met, as was the second (2013 to 2017) and
the UK is on track to outperform the third (2018 to 2022). However, it is not on track to
meet the fourth (2023 to 2027) or the fifth (2028-2032). To meet future carbon
budgets and the Net Zero target for 2050 will require governments to introduce more
challenging measures.

Through the Climate Change Act, the UK government has committed to reduce emissions
by at least 100% of 1990 levels (Net Zero) by 2050.

As a signatory to the Paris Agreement, the UK has committed to contribute to global
emission reductions to limit global temperature rise to well below 2°C and to pursue efforts
towards 1.5°C above pre-industrial levels.

Carbon budgets

The Climate Change Act requires the UK government to set legally-binding ‘carbon
budgets’ which act as stepping stones towards the 2050 target. A carbon budget is a cap
on the amount of greenhouse gases emitted in the UK over a five-year period. Budgets
must be set at least 12 years in advance to allow policy-makers, businesses and individuals
enough time to prepare. The CCC advises on the appropriate level of each carbon budget.
Once accepted by Government, the respective budgets are legislated by Parliament. The
budgets describe the cost-effective pathway to achieving the UK’s long-term climate
change objectives. They also take into account a range of other factors including scientific
knowledge, technology, economic and social circumstances, amongst others.

The first five carbon budgets have been put into law and run up to 2032. The UK is
currently in the third carbon budget period (2018 to 2022). The Committee has published
its advice on the Sixth Carbon Budget and Government legislated for this in June 2021.

Budget Carbon budget
level

Reduction below
1990 levels

Met?

1st carbon budget
(2008 to 2012)

3,018 MtCO2e 25% Yes

2nd carbon budget
(2013 to 2017)

2,782 MtCO2e 31% Yes

3rd carbon budget
(2018 to 2022)

2,544 MtCO2e 37% by 2020 On track

4th carbon budget
(2023 to 2027)

1,950 MtCO2e 51% by 2025 Off track
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5th carbon budget
(2028 to 2032)

1,725 MtCO2e 57% by 2030 Off track

6th carbon budget
(2033 to 2037)

965 MtCO2e 78% by 2035 Off track

Net Zero Target At least 100% by 2050
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Introduction 
 

This Summary for Policymakers (SPM) presents key findings of the Working Group I (WGI) 

contribution to the IPCC’s Sixth Assessment Report (AR6)1 on the physical science basis of climate 

change. The report builds upon the 2013 Working Group I contribution to the IPCC’s Fifth 

Assessment Report (AR5) and the 2018–2019 IPCC Special Reports2 of the AR6 cycle and 

incorporates subsequent new evidence from climate science3. 

  

This SPM provides a high-level summary of the understanding of the current state of the climate, 

including how it is changing and the role of human influence, the state of knowledge about possible 

climate futures, climate information relevant to regions and sectors, and limiting human-induced 

climate change. 

  

Based on scientific understanding, key findings can be formulated as statements of fact or 

associated with an assessed level of confidence indicated using the IPCC calibrated language4. 

 

The scientific basis for each key finding is found in chapter sections of the main Report, and in the 

integrated synthesis presented in the Technical Summary (hereafter TS), and is indicated in curly 

brackets. The AR6 WGI Interactive Atlas facilitates exploration of these key synthesis findings, and 

supporting climate change information, across the WGI reference regions5. 

  

 
1 Decision IPCC/XLVI-2. 

2 The three Special reports are: Global warming of 1.5°C: an IPCC Special Report on the impacts of global warming of 1.5°C above 

pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the 

threat of climate change, sustainable development, and efforts to eradicate poverty (SR1.5); Climate Change and Land: an IPCC 

Special Report on climate change, desertification, land degradation, sustainable land management, food security, and greenhouse gas 

fluxes in terrestrial ecosystems (SRCCL); IPCC Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC). 

3 The assessment covers scientific literature accepted for publication by 31 January 2021. 

4 Each finding is grounded in an evaluation of underlying evidence and agreement. A level of confidence is expressed using five 

qualifiers: very low, low, medium, high and very high, and typeset in italics, for example, medium confidence. The following terms 

have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100% probability, very likely 90–

100%, likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. 

Additional terms (extremely likely 95–100%, more likely than not >50–100%, and extremely unlikely 0–5%) may also be used when 

appropriate. Assessed likelihood is typeset in italics, for example, very likely. This is consistent with AR5. In this Report, unless 

stated otherwise, square brackets [x to y] are used to provide the assessed very likely range, or 90% interval. 

5 The Interactive Atlas is available at https://interactive-atlas.ipcc.ch 
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A. The Current State of the Climate 
 

Since AR5, improvements in observationally based estimates and information from paleoclimate archives 

provide a comprehensive view of each component of the climate system and its changes to date. New climate 

model simulations, new analyses, and methods combining multiple lines of evidence lead to improved 

understanding of human influence on a wider range of climate variables, including weather and climate 

extremes. The time periods considered throughout this Section depend upon the availability of observational 

products, paleoclimate archives and peer-reviewed studies. 

 

 

A.1 It is unequivocal that human influence has warmed the atmosphere, ocean and land. 

Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere 

have occurred.  

{2.2, 2.3, Cross-Chapter Box 2.3, 3.3, 3.4, 3.5, 3.6, 3.8, 5.2, 5.3, 6.4, 7.3, 8.3, 9.2, 9.3, 9.5, 

9.6, Cross-Chapter Box 9.1} (Figure SPM.1, Figure SPM.2)  

 

 

A.1.1 Observed increases in well-mixed greenhouse gas (GHG) concentrations since around 1750 are 

unequivocally caused by human activities. Since 2011 (measurements reported in AR5), concentrations have 

continued to increase in the atmosphere, reaching annual averages of 410 ppm for carbon dioxide (CO2), 

1866 ppb for methane (CH4), and 332 ppb for nitrous oxide (N2O) in 20196. Land and ocean have taken up a 

near-constant proportion (globally about 56% per year) of CO2 emissions from human activities over the past 

six decades, with regional differences (high confidence)7. {2.2, 5.2, 7.3, TS.2.2, Box TS.5} 

 
A.1.2 Each of the last four decades has been successively warmer than any decade that preceded it since 

1850. Global surface temperature8 in the first two decades of the 21st century (2001-2020) was 0.99 [0.84-

1.10] °C higher than 1850-19009. Global surface temperature was 1.09 [0.95 to 1.20] °C higher in 2011–

2020 than 1850–1900, with larger increases over land (1.59 [1.34 to 1.83] °C) than over the ocean (0.88 

[0.68 to 1.01] °C). The estimated increase in global surface temperature since AR5 is principally due to 

further warming since 2003–2012 (+0.19 [0.16 to 0.22] °C). Additionally, methodological advances and new 

datasets contributed approximately 0.1ºC to the updated estimate of warming in AR610. 

 

 
6 Other GHG concentrations in 2019 were: PFCs (109 ppt CF4 equivalent); SF6 (10 ppt); NF3 (2 ppt); HFCs (237 ppt HFC-134a 

equivalent); other Montreal Protocol gases (mainly CFCs, HCFCs, 1032 ppt CFC-12 equivalent). Increases from 2011 are 19 ppm 

for CO2, 63 ppb for CH4 and 8 ppb for N2O. 

7 Land and ocean are not substantial sinks for other GHGs. 

8 The term ‘global surface temperature’ is used in reference to both global mean surface temperature and global surface air 

temperature throughout this SPM. Changes in these quantities are assessed with high confidence to differ by at most 10% from one 

another, but conflicting lines of evidence lead to low confidence in the sign of any difference in long-term trend. {Cross-Section Box 

TS.1}  

9 The period 1850–1900 represents the earliest period of sufficiently globally complete observations to estimate global surface 

temperature and, consistent with AR5 and SR1.5, is used as an approximation for pre-industrial conditions.  

10 Since AR5, methodological advances and new datasets have provided a more complete spatial representation of changes in surface 

temperature, including in the Arctic. These and other improvements have additionally increased the estimate of global surface 

temperature change by approximately 0.1 ºC, but this increase does not represent additional physical warming since the AR5. 
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A.1.3 The likely range of total human-caused global surface temperature increase from 1850–1900 to 

2010–201911 is 0.8°C to 1.3°C, with a best estimate of 1.07°C. It is likely that well-mixed GHGs contributed 

a warming of 1.0°C to 2.0°C, other human drivers (principally aerosols) contributed a cooling of 0.0°C to 

0.8°C, natural drivers changed global surface temperature by –0.1°C to 0.1°C, and internal variability 

changed it by –0.2°C to 0.2°C. It is very likely that well-mixed GHGs were the main driver12 of tropospheric 

warming since 1979, and extremely likely that human-caused stratospheric ozone depletion was the main 

driver of cooling of the lower stratosphere between 1979 and the mid-1990s. 

{3.3, 6.4, 7.3, Cross-Section Box TS.1, TS.2.3} (Figure SPM.2) 

 
A.1.4 Globally averaged precipitation over land has likely increased since 1950, with a faster rate of 

increase since the 1980s (medium confidence). It is likely that human influence contributed to the pattern of 

observed precipitation changes since the mid-20th century, and extremely likely that human influence 

contributed to the pattern of observed changes in near-surface ocean salinity. Mid-latitude storm tracks have 

likely shifted poleward in both hemispheres since the 1980s, with marked seasonality in trends (medium 

confidence). For the Southern Hemisphere, human influence very likely contributed to the poleward shift of 

the closely related extratropical jet in austral summer. 

{2.3, 3.3, 8.3, 9.2, TS.2.3, TS.2.4, Box TS.6} 

 
A.1.5 Human influence is very likely the main driver of the global retreat of glaciers since the 1990s and 

the decrease in Arctic sea ice area between 1979–1988 and 2010–2019 (about 40% in September and about 

10% in March). There has been no significant trend in Antarctic sea ice area from 1979 to 2020 due to 

regionally opposing trends and large internal variability. Human influence very likely contributed to the 

decrease in Northern Hemisphere spring snow cover since 1950. It is very likely that human influence has 

contributed to the observed surface melting of the Greenland Ice Sheet over the past two decades, but there is 

only limited evidence, with medium agreement, of human influence on the Antarctic Ice Sheet mass loss. 

{2.3, 3.4, 8.3, 9.3, 9.5, TS.2.5} 

 
A.1.6 It is virtually certain that the global upper ocean (0–700 m) has warmed since the 1970s and 

extremely likely that human influence is the main driver. It is virtually certain that human-caused CO2 

emissions are the main driver of current global acidification of the surface open ocean. There is high 

confidence that oxygen levels have dropped in many upper ocean regions since the mid-20th century, and 

medium confidence that human influence contributed to this drop.  

{2.3, 3.5, 3.6, 5.3, 9.2, TS.2.4} 

 
A.1.7 Global mean sea level increased by 0.20 [0.15 to 0.25] m between 1901 and 2018. The average rate 

of sea level rise was 1.3 [0.6 to 2.1] mm yr–1 between 1901 and 1971, increasing to 1.9 [0.8 to 2.9] mm yr–1 

between 1971 and 2006, and further increasing to 3.7 [3.2 to 4.2] mm yr–1 between 2006 and 2018 (high 

confidence). Human influence was very likely the main driver of these increases since at least 1971.  

{2.3, 3.5, 9.6, Cross-Chapter Box 9.1, Box TS.4} 

 
A.1.8 Changes in the land biosphere since 1970 are consistent with global warming: climate zones have 

shifted poleward in both hemispheres, and the growing season has on average lengthened by up to two days 

per decade since the 1950s in the Northern Hemisphere extratropics (high confidence). 

{2.3, TS.2.6} 

 

 

 

 

 
11 The period distinction with A.1.2 arises because the attribution studies consider this slightly earlier period. The observed warming 

to 2010–2019 is 1.06 [0.88 to 1.21] °C. 

12 Throughout this SPM, ‘main driver’ means responsible for more than 50% of the change. 
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Human influence has warmed the climate at a rate that is unprecedented
in at least the last 2000 years

Changes in global surface temperature relative to 1850-1900

1850 1900 1950 2000 2020

ºC

-0.5

0.0

0.5

1.0

1.5

2.0

observed
simulated
human &
natural

simulated
natural only
(solar &
volcanic)

b) Change in global surface temperature (annual average) as observed and 
simulated using human & natural and only natural factors (both 1850-2020)

a) Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)
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Panel a): Changes in global surface temperature reconstructed from paleoclimate archives (solid grey line, 
1–2000) and from direct observations (solid black line, 1850–2020), both relative to 1850–1900 and decadally 
averaged. The vertical bar on the left shows the estimated temperature (very likely range) during the warmest 
multi-century period in at least the last 100,000 years, which occurred around 6500 years ago during the current 
interglacial period (Holocene). The Last Interglacial, around 125,000 years ago, is the next most recent candidate 
for a period of higher temperature. These past warm periods were caused by slow (multi-millennial) orbital 
variations. The grey shading with white diagonal lines shows the very likely ranges for the temperature 
reconstructions. 
Panel b): Changes in global surface temperature over the past 170 years (black line) relative to 1850–1900 
and annually averaged, compared to CMIP6 climate model simulations (see Box SPM.1) of the temperature 
response to both human and natural drivers (brown), and to only natural drivers (solar and volcanic activity, green). 
Solid coloured lines show the multi-model average, and coloured shades show the very likely range of simulations. 
(see Figure SPM.2 for the assessed contributions to warming). 
{2.3.1, 3.3, Cross-Chapter Box 2.3, Cross-Section Box TS.1, Figure 1a, TS.2.2}

Figure SPM.1:    History of global temperature change and causes of recent warming.
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Observed warming is driven by emissions from human activities, with 
greenhouse gas warming partly masked by aerosol cooling
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b) Aggregated contributions to 
2010-2019 warming relative to 
1850-1900, assessed from 
attribution studies 

a) Observed warming
2010-2019 relative to 
1850-1900 

Contributions to warming based on two complementary approachesObserved warming
c) Contributions to 2010-2019 
warming relative to 1850-1900, 
assessed from radiative
forcing studies

Panel a): Observed global warming (increase in global surface temperature) and its very likely range {3.3.1, 
Cross-Chapter Box 2.3}.
Panel b): Evidence from attribution studies, which synthesize information from climate models and 
observations. The panel shows temperature change attributed to total human influence, changes in well-mixed 
greenhouse gas concentrations, other human drivers due to aerosols, ozone and land-use change (land-use 
reflectance), solar and volcanic drivers, and internal climate variability. Whiskers show likely ranges {3.3.1}. 
Panel c): Evidence from the assessment of radiative forcing and climate sensitivity. The panel shows 
temperature changes from individual components of human influence, including emissions of greenhouse gases, 
aerosols and their precursors; land-use changes (land-use reflectance and irrigation); and aviation contrails. 
Whiskers show very likely ranges. Estimates account for both direct emissions into the atmosphere and their effect, 
if any, on other climate drivers. For aerosols, both direct (through radiation) and indirect (through interactions with 
clouds) effects are considered.{6.4.2, 7.3}

Figure SPM.2:    Assessed contributions to observed warming in 2010–2019 relative to 1850–1900.  
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A.2 The scale of recent changes across the climate system as a whole and the present state of 

many aspects of the climate system are unprecedented over many centuries to many 

thousands of years. 

{Cross-Chapter Box 2.1, 2.2, 2.3, 5.1} (Figure SPM.1) 

 

 

A.2.1 In 2019, atmospheric CO2 concentrations were higher than at any time in at least 2 million years 

(high confidence), and concentrations of CH4 and N2O were higher than at any time in at least 800,000 years 

(very high confidence). Since 1750, increases in CO2 (47%) and CH4 (156%) concentrations far exceed, and 

increases in N2O (23%) are similar to, the natural multi-millennial changes between glacial and interglacial 

periods over at least the past 800,000 years (very high confidence). 

{2.2, 5.1, TS.2.2} 

 

A.2.2 Global surface temperature has increased faster since 1970 than in any other 50-year period over at 

least the last 2000 years (high confidence). Temperatures during the most recent decade (2011–2020) exceed 

those of the most recent multi-century warm period, around 6500 years ago13 [0.2°C to 1°C relative to 1850–

1900] (medium confidence). Prior to that, the next most recent warm period was about 125,000 years ago 

when the multi-century temperature [0.5°C to 1.5°C relative to 1850–1900] overlaps the observations of the 

most recent decade (medium confidence). 

{Cross-Chapter Box 2.1, 2.3, Cross-Section Box TS.1} (Figure SPM.1) 

 

A.2.3 In 2011–2020, annual average Arctic sea ice area reached its lowest level since at least 1850 (high 

confidence). Late summer Arctic sea ice area was smaller than at any time in at least the past 1000 years 

(medium confidence). The global nature of glacier retreat, with almost all of the world’s glaciers retreating 

synchronously, since the 1950s is unprecedented in at least the last 2000 years (medium confidence). 

{2.3, TS.2.5} 

 

A.2.4 Global mean sea level has risen faster since 1900 than over any preceding century in at least the last 

3000 years (high confidence). The global ocean has warmed faster over the past century than since the end of 

the last deglacial transition (around 11,000 years ago) (medium confidence). A long-term increase in surface 

open ocean pH occurred over the past 50 million years (high confidence), and surface open ocean pH as low 

as recent decades is unusual in the last 2 million years (medium confidence). 

{2.3, TS.2.4, Box TS.4} 

 

  

 
13 As stated in section B.1, even under the very low emissions scenario SSP1-1.9, temperatures are assessed to remain elevated above 

those of the most recent decade until at least 2100 and therefore warmer than the century-scale period 6500 years ago. 

2788  



Approved Version Summary for Policymakers IPCC AR6 WGI 

 SPM-10 Total pages: 41 

A.3 Human-induced climate change is already affecting many weather and climate extremes 

in every region across the globe. Evidence of observed changes in extremes such as 

heatwaves, heavy precipitation, droughts, and tropical cyclones, and, in particular, their 

attribution to human influence, has strengthened since AR5. 

{2.3, 3.3, 8.2, 8.3, 8.4, 8.5, 8.6, Box 8.1, Box 8.2, Box 9.2, 10.6, 11.2, 11.3, 11.4, 11.6, 11.7, 

11.8, 11.9, 12.3} (Figure SPM.3) 

 

 

A.3.1 It is virtually certain that hot extremes (including heatwaves) have become more frequent and more 

intense across most land regions since the 1950s, while cold extremes (including cold waves) have become 

less frequent and less severe, with high confidence that human-induced climate change is the main driver14 of 

these changes. Some recent hot extremes observed over the past decade would have been extremely unlikely 

to occur without human influence on the climate system. Marine heatwaves have approximately doubled in 

frequency since the 1980s (high confidence), and human influence has very likely contributed to most of 

them since at least 2006.  

{Box 9.2, 11.2, 11.3, 11.9, TS.2.4, TS.2.6, Box TS.10} (Figure SPM.3) 

  
A.3.2 The frequency and intensity of heavy precipitation events have increased since the 1950s over most 

land area for which observational data are sufficient for trend analysis (high confidence), and human-induced 

climate change is likely the main driver. Human-induced climate change has contributed to increases in 

agricultural and ecological droughts15 in some regions due to increased land evapotranspiration16 (medium 

confidence).  

{8.2, 8.3, 11.4, 11.6, 11.9, TS.2.6, Box TS.10} (Figure SPM.3) 

 
A.3.3 Decreases in global land monsoon precipitation17 from the 1950s to the 1980s are partly attributed to 

human-caused Northern Hemisphere aerosol emissions, but increases since then have resulted from rising 

GHG concentrations and decadal to multi-decadal internal variability (medium confidence). Over South Asia, 

East Asia and West Africa increases in monsoon precipitation due to warming from GHG emissions were 

counteracted by decreases in monsoon precipitation due to cooling from human-caused aerosol emissions 

over the 20th century (high confidence). Increases in West African monsoon precipitation since the 1980s are 

partly due to the growing influence of GHGs and reductions in the cooling effect of human-caused aerosol 

emissions over Europe and North America (medium confidence). 

{2.3, 3.3, 8.2, 8.3, 8.4, 8.5, 8.6, Box 8.1, Box 8.2, 10.6, Box TS.13} 

 

 
14 Throughout this SPM, ‘main driver’ means responsible for more than 50% of the change.  

15 Agricultural and ecological drought (depending on the affected biome): a period with abnormal soil moisture deficit, which results 

from combined shortage of precipitation and excess evapotranspiration, and during the growing season impinges on crop production 

or ecosystem function in general. Observed changes in meteorological droughts (precipitation deficits) and hydrological droughts 

(streamflow deficits) are distinct from those in agricultural and ecological droughts and addressed in the underlying AR6 material 

(Chapter 11). 

16 The combined processes through which water is transferred to the atmosphere from open water and ice surfaces, bare soil, and 

vegetation that make up the Earth’s surface.  

17 The global monsoon is defined as the area in which the annual range (local summer minus local winter) of precipitation is greater 

than 2.5 mm day–1. Global land monsoon precipitation refers to the mean precipitation over land areas within the global monsoon.  
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A.3.4 It is likely that the global proportion of major (Category 3–5) tropical cyclone occurrence has 

increased over the last four decades, and the latitude where tropical cyclones in the western North Pacific 

reach their peak intensity has shifted northward; these changes cannot be explained by internal variability 

alone (medium confidence). There is low confidence in long-term (multi-decadal to centennial) trends in the 

frequency of all-category tropical cyclones. Event attribution studies and physical understanding indicate 

that human-induced climate change increases heavy precipitation associated with tropical cyclones (high 

confidence) but data limitations inhibit clear detection of past trends on the global scale.  

{8.2, 11.7, Box TS.10} 

  
A.3.5 Human influence has likely increased the chance of compound extreme events18 since the 1950s. 

This includes increases in the frequency of concurrent heatwaves and droughts on the global scale (high 

confidence); fire weather in some regions of all inhabited continents (medium confidence); and compound 

flooding in some locations (medium confidence). {11.6, 11.7, 11.8, 12.3, 12.4, TS.2.6, Table TS.5, Box 

TS.10} 

  

 
18 Compound extreme events are the combination of multiple drivers and/or hazards that contribute to societal or environmental risk. 

Examples are concurrent heatwaves and droughts, compound flooding (e.g., a storm surge in combination with extreme rainfall 

and/or river flow), compound fire weather conditions (i.e., a combination of hot, dry, and windy conditions), or concurrent extremes 

at different locations. 
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Climate change is already affecting every inhabited region across the globe 
with human influence contributing to many observed changes in weather 
and climate extremes

Increase (41)

Type of observed change
in hot extremes

Decrease (0)

Low agreement in the type of change (2)

Limited data and/or literature (2)

Type of observed change since the 1950s

Type of observed change since the 1950s

Type of observed change since the 1950s

a) Synthesis of assessment of observed change in hot extremes and
con�dence in human contribution to the observed changes in the world’s regions

Type of observed change
in agricultural and ecological drought

Type of observed change
in heavy precipitation

Increase (19)

Decrease (0)

Low agreement in the type of change (8)

Limited data and/or literature (18)

NWN NEN GIC

Africa

Asia

Australasia

North
America

Central
America

South
America

Europe NEU RAR

WNA CNA ENA WCE EEU WSB ESB RFE

NCA MED WCA ECA TIB EAS

SCA CAR SAH ARP SAS SEA

NWS NSA WAF CAF NEAF
NAU

SAM NES WSAF SEAF
CAU EAU

SWS SES ESAF
SAU NZ

SSA

MDG

b) Synthesis of assessment of observed change in heavy precipitation and 
con�dence in human contribution to the observed changes in the world’s regions

Increase (12)

Decrease (1)

Low agreement in the type of change (28)

Limited data and/or literature (4)

NWN NEN GIC

Africa

Asia

Australasia

North
America

Central
America

South
America

Europe NEU RAR

WNA CNA ENA WCE EEU WSB ESB RFE

NCA MED WCA ECA TIB EAS

SCA CAR SAH ARP SAS SEA

NWS NSA WAF CAF NEAF
NAU

SAM NES WSAF SEAF
CAU EAU

SWS SES ESAF
SAU NZ

SSA

MDG

c) Synthesis of assessment of observed change in agricultural and ecological drought
and con�dence in human contribution to the observed changes in the world’s regions

NWN

NWN

NEN GIC

Africa

Asia

Australasia

North
America

Central
America

South
America

Europe NEU RAR

WNA CNA ENA WCE EEU WSB ESB RFE

NCA MED WCA ECA TIB EAS

SCA CAR SAH ARP SAS SEA

NWS NSA WAF CAF NEAF
NAU

PAC

PAC

PAC

SAM NES WSAF SEAF
CAU EAU

SWS SES ESAF
SAU NZ

SSA

MDG

Each hexagon corresponds 
to one of the IPCC AR6 
WGI reference regions

IPCC AR6 WGI reference regions: North America: NWN (North-Western North America, NEN (North-Eastern North America), WNA 
(Western North America), CNA (Central North America), ENA (Eastern North America), Central America: NCA (Northern Central America), 
SCA (Southern Central America), CAR (Caribbean), South America: NWS (North-Western South America), NSA (Northern South America), NES 
(North-Eastern South America), SAM (South American Monsoon), SWS (South-Western South America), SES (South-Eastern South America), 
SSA (Southern South America), Europe: GIC (Greenland/Iceland), NEU (Northern Europe), WCE (Western and Central Europe), EEU (Eastern 
Europe), MED (Mediterranean), Africa: MED (Mediterranean), SAH (Sahara), WAF (Western Africa), CAF (Central Africa), NEAF (North Eastern 
Africa), SEAF (South Eastern Africa), WSAF (West Southern Africa), ESAF (East Southern Africa), MDG (Madagascar), Asia: RAR (Russian 
Arctic), WSB (West Siberia), ESB (East Siberia), RFE (Russian Far East), WCA (West Central Asia), ECA (East Central Asia), TIB (Tibetan Plateau), 
EAS (East Asia), ARP (Arabian Peninsula), SAS (South Asia), SEA (South East Asia), Australasia: NAU (Northern Australia), CAU (Central 
Australia), EAU (Eastern Australia), SAU (Southern Australia), NZ (New Zealand), Small Islands: CAR (Caribbean), PAC (Pacific Small Islands)

Small
Islands

Small
Islands

Small
Islands

Small
Islands

Small
Islands

Small
Islands

North-Western
North America

High
Medium
Low due to limited agreement
Low due to limited evidence

Confidence in human contribution 
to the observed change

High
Medium
Low due to limited agreement
Low due to limited evidence

Confidence in human contribution 
to the observed change

High
Medium
Low due to limited agreement
Low due to limited evidence

Confidence in human contribution 
to the observed change

2791  



Approved Version Summary for Policymakers IPCC AR6 WGI 

 SPM-13 Total pages: 41 

Figure SPM.3: Synthesis of assessed observed and attributable regional changes.  

 

The IPCC AR6 WGI inhabited regions are displayed as hexagons with identical size in their approximate 

geographical location (see legend for regional acronyms). All assessments are made for each region as a whole and 

for the 1950s to the present. Assessments made on different time scales or more local spatial scales might differ 

from what is shown in the figure. The colours in each panel represent the four outcomes of the assessment on 

observed changes. White and light grey striped hexagons are used where there is low agreement in the type of 

change for the region as a whole, and grey hexagons are used when there is limited data and/or literature that 

prevents an assessment of the region as a whole. Other colours indicate at least medium confidence in the observed 

change. The confidence level for the human influence on these observed changes is based on assessing trend 

detection and attribution and event attribution literature, and it is indicated by the number of dots: three dots for 

high confidence, two dots for medium confidence and one dot for low confidence (filled: limited agreement; empty: 

limited evidence).  

 

Panel a) For hot extremes, the evidence is mostly drawn from changes in metrics based on daily maximum 

temperatures; regional studies using other indices (heatwave duration, frequency and intensity) are used in addition. 

Red hexagons indicate regions where there is at least medium confidence in an observed increase in hot extremes.  

 

Panel b) For heavy precipitation, the evidence is mostly drawn from changes in indices based on one-day or five-

day precipitation amounts using global and regional studies. Green hexagons indicate regions where there is at least 

medium confidence in an observed increase in heavy precipitation.  

 

Panel c) Agricultural and ecological droughts are assessed based on observed and simulated changes in total 

column soil moisture, complemented by evidence on changes in surface soil moisture, water balance (precipitation 

minus evapotranspiration) and indices driven by precipitation and atmospheric evaporative demand. Yellow 

hexagons indicate regions where there is at least medium confidence in an observed increase in this type of drought 

and green hexagons indicate regions where there is at least medium confidence in an observed decrease in 

agricultural and ecological drought.  

 

For all regions, table TS.5 shows a broader range of observed changes besides the ones shown in this figure.  Note 

that SSA is the only region that does not display observed changes in the metrics shown in this figure, but is 

affected by observed increases in mean temperature, decreases in frost, and increases in marine heatwaves. 

 

{11.9, Table TS.5, Box TS.10, Figure 1, Atlas 1.3.3, Figure Atlas.2} 

 

 

 

A.4 Improved knowledge of climate processes, paleoclimate evidence and the response of the 

climate system to increasing radiative forcing gives a best estimate of equilibrium 

climate sensitivity of 3°C with a narrower range compared to AR5. 

{2.2, 7.3, 7.4, 7.5, Box 7.2, Cross-Chapter Box 9.1, 9.4, 9.5, 9.6} 

 

A.4.1 Human-caused radiative forcing of 2.72 [1.96 to 3.48] W m–2 in 2019 relative to 1750 has warmed 

the climate system. This warming is mainly due to increased GHG concentrations, partly reduced by cooling 

due to increased aerosol concentrations. The radiative forcing has increased by 0.43 W m–2 (19%) relative to 

AR5, of which 0.34 W m–2 is due to the increase in GHG concentrations since 2011. The remainder is due to 

improved scientific understanding and changes in the assessment of aerosol forcing, which include decreases 

in concentration and improvement in its calculation (high confidence).  

{2.2, 7.3, TS.2.2, TS.3.1}  
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A.4.2 Human-caused net positive radiative forcing causes an accumulation of additional energy (heating) 

in the climate system, partly reduced by increased energy loss to space in response to surface warming. The 

observed average rate of heating of the climate system increased from 0.50 [0.32 to 0.69] W m–2 for the 

period 1971–200619, to 0.79 [0.52 to 1.06] W m–2 for the period 2006–201820 (high confidence). Ocean 

warming accounted for 91% of the heating in the climate system, with land warming, ice loss and 

atmospheric warming accounting for about 5%, 3% and 1%, respectively (high confidence). 

{7.2, Box 7.2, TS.3.1} 

 

A.4.3 Heating of the climate system has caused global mean sea level rise through ice loss on land and 

thermal expansion from ocean warming. Thermal expansion explained 50% of sea level rise during 1971–

2018, while ice loss from glaciers contributed 22%, ice sheets 20% and changes in land water storage 8%. 

The rate of ice sheet loss increased by a factor of four between 1992–1999 and 2010–2019. Together, ice 

sheet and glacier mass loss were the dominant contributors to global mean sea level rise during 2006-2018. 

(high confidence)  

{Cross-Chapter Box 9.1, 9.4, 9.5, 9.6}  

 

A.4.4 The equilibrium climate sensitivity is an important quantity used to estimate how the climate 

responds to radiative forcing. Based on multiple lines of evidence21, the very likely range of equilibrium 

climate sensitivity is between 2°C (high confidence) and 5°C (medium confidence). The AR6 assessed best 

estimate is 3°C with a likely range of 2.5°C to 4°C (high confidence), compared to 1.5°C to 4.5°C in AR5, 

which did not provide a best estimate. 

{7.4, 7.5, TS.3.2}  

 

  

 
19 cumulative energy increase of 282 [177 to 387] ZJ over 1971–2006 (1 ZJ = 1021 J). 

20 cumulative energy increase of 152 [100 to 205] ZJ over 2006–2018. 

21 Understanding of climate processes, the instrumental record, paleoclimates and model-based emergent constraints (see glossary).  
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B. Possible Climate Futures 
 

A set of five new illustrative emissions scenarios is considered consistently across this report to explore the 

climate response to a broader range of greenhouse gas (GHG), land use and air pollutant futures than 

assessed in AR5. This set of scenarios drives climate model projections of changes in the climate system. 

These projections account for solar activity and background forcing from volcanoes. Results over the 21st 

century are provided for the near-term (2021–2040), mid-term (2041–2060) and long-term (2081–2100) 

relative to 1850–1900, unless otherwise stated. 

 

Box SPM.1: Scenarios, Climate Models and Projections 
 

Box SPM.1.1: This report assesses the climate response to five illustrative scenarios that cover the range of 

possible future development of anthropogenic drivers of climate change found in the literature. They start in 

2015, and include scenarios22 with high and very high GHG emissions (SSP3-7.0 and SSP5-8.5) and CO2 

emissions that roughly double from current levels by 2100 and 2050, respectively, scenarios with 

intermediate GHG emissions (SSP2-4.5) and CO2 emissions remaining around current levels until the middle 

of the century, and scenarios with very low and low GHG emissions and CO2 emissions declining to net zero 

around or after 2050, followed by varying levels of net negative CO2 emissions23 (SSP1-1.9 and SSP1-2.6) 

as illustrated in Figure SPM.4. Emissions vary between scenarios depending on socio-economic 

assumptions, levels of climate change mitigation and, for aerosols and non-methane ozone precursors, air 

pollution controls. Alternative assumptions may result in similar emissions and climate responses, but the 

socio-economic assumptions and the feasibility or likelihood of individual scenarios is not part of the 

assessment. 

{TS.1.3, 1.6, Cross-Chapter Box 1.4} (Figure SPM.4)  

 

Box SPM.1.2: This report assesses results from climate models participating in the Coupled Model 

Intercomparison Project Phase 6 (CMIP6) of the World Climate Research Programme. These models include 

new and better representation of physical, chemical and biological processes, as well as higher resolution, 

compared to climate models considered in previous IPCC assessment reports. This has improved the 

simulation of the recent mean state of most large-scale indicators of climate change and many other aspects 

across the climate system. Some differences from observations remain, for example in regional precipitation 

patterns. The CMIP6 historical simulations assessed in this report have an ensemble mean global surface 

temperature change within 0.2°C of the observations over most of the historical period, and observed 

warming is within the very likely range of the CMIP6 ensemble. However, some CMIP6 models simulate a 

warming that is either above or below the assessed very likely range of observed warming.  

{1.5, Cross-Chapter Box 2.2, 3.3, 3.8, TS.1.2, Cross-Section Box TS.1} (Figure SPM.1 b, Figure SPM.2) 

 

Box SPM.1.3: The CMIP6 models considered in this Report have a wider range of climate sensitivity than 

in CMIP5 models and the AR6 assessed very likely range, which is based on multiple lines of evidence. 

These CMIP6 models also show a higher average climate sensitivity than CMIP5 and the AR6 assessed best 

estimate. The higher CMIP6 climate sensitivity values compared to CMIP5 can be traced to an amplifying 

cloud feedback that is larger in CMIP6 by about 20%.  

{Box 7.1, 7.3, 7.4, 7.5, TS.3.2} 

 

Box SPM.1.4: For the first time in an IPCC report, assessed future changes in global surface temperature, 

ocean warming and sea level are constructed by combining multi-model projections with observational 

constraints based on past simulated warming, as well as the AR6 assessment of climate sensitivity. For other 

quantities, such robust methods do not yet exist to constrain the projections. Nevertheless, robust projected 

 
22 Throughout this report, the five illustrative scenarios are referred to as SSPx-y, where ‘SSPx’ refers to the Shared Socio-economic 

Pathway or ‘SSP’ describing the socio-economic trends underlying the scenario, and ‘y’ refers to the approximate level of radiative 

forcing (in W m–2) resulting from the scenario in the year 2100. A detailed comparison to scenarios used in earlier IPCC reports is 

provided in Section TS1.3 and 1.6 and 4.6. The SSPs that underlie the specific forcing scenarios used to drive climate models are not 

assessed by WGI. Rather, the SSPx-y labelling ensures traceability to the underlying literature in which specific forcing pathways are 

used as input to the climate models. IPCC is neutral with regard to the assumptions underlying the SSPs, which do not cover all 

possible scenarios. Alternative scenarios may be considered or developed.  

23 Net negative CO2 emissions are reached when anthropogenic removals of CO2 exceed anthropogenic emissions. {Glossary} 
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geographical patterns of many variables can be identified at a given level of global warming, common to all 
scenarios considered and independent of timing when the global warming level is reached. 
{1.6, Box 4.1, 4.3, 4.6, 7.5, 9.2, 9.6, Cross-Chapter Box 11.1, Cross-Section Box TS.1} 

Future emissions cause future additional warming, with total warming 
dominated by past and future CO₂ emissions

a) Future annual emissions of CO₂ (left) and of a subset of key non-CO₂ drivers (right), across five illustrative scenarios

Methane (MtCH₄/yr)

Nitrous oxide (MtN₂O/yr)

Sulfur dioxide (MtSO₂/yr)
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SSP1-1.9
SSP1-2.6
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b) Contribution to global surface temperature increase from different emissions, with a dominant role of CO₂ emissions
Change in global surface temperature in 2081-2100 relative to 1850-1900 (ºC)
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Figure SPM.4: Future anthropogenic emissions of key drivers of climate change and warming contributions by 
groups of drivers for the five illustrative scenarios used in this report. 
 
The five scenarios are SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5.  
 
Panel a) Annual anthropogenic (human-caused) emissions over the 2015–2100 period. Shown are emissions 
trajectories for carbon dioxide (CO2) from all sectors (GtCO2/yr) (left graph) and for a subset of three key non-
CO2 drivers considered in the scenarios: methane (CH4, MtCH4/yr, top-right graph), nitrous oxide (N2O, 
MtN2O/yr, middle-right graph) and sulfur dioxide (SO2, MtSO2/yr, bottom-right graph, contributing to 
anthropogenic aerosols in panel b). 
 
Panel b) Warming contributions by groups of anthropogenic drivers and by scenario are shown as change 
in global surface temperature (°C) in 2081–2100 relative to 1850–1900, with indication of the observed 
warming to date. Bars and whiskers represent median values and the very likely range, respectively. Within each 
scenario bar plot, the bars represent total global warming (°C; total bar) (see Table SPM.1) and warming 
contributions (°C) from changes in CO2 (CO2 bar), from non-CO2 greenhouse gases (non-CO2 GHGs bar; 
comprising well-mixed greenhouse gases and ozone) and net cooling from other anthropogenic drivers (aerosols 
and land-use bar; anthropogenic aerosols, changes in reflectance due to land-use and irrigation changes, and 
contrails from aviation; see Figure SPM.2, panel c, for the warming contributions to date for individual drivers). 
The best estimate for observed warming in 2010–2019 relative to 1850–1900 (see Figure SPM.2, panel a) is 
indicated in the darker column in the total bar. Warming contributions in panel b are calculated as explained in 
Table SPM.1 for the total bar. For the other bars the contribution by groups of drivers are calculated with a 
physical climate emulator of global surface temperature which relies on climate sensitivity and radiative forcing 
assessments.  
 
{Cross-Chapter Box 1.4, 4.6, Figure 4.35, 6.7, Figure 6.18, 6.22 and 6.24, Cross-Chapter Box 7.1, 7.3, Figure 
7.7, Box TS.7, Figures TS.4 and TS.15} 

 
 
 
B.1 Global surface temperature will continue to increase until at least the mid-century 

under all emissions scenarios considered. Global warming of 1.5°C and 2°C will be 
exceeded during the 21st century unless deep reductions in CO2 and other greenhouse 
gas emissions occur in the coming decades. 
{2.3, Cross-Chapter Box 2.3, Cross-Chapter Box 2.4, 4.3, 4.4, 4.5} (Figure SPM.1, Figure 
SPM.4, Figure SPM.8, Table SPM.1, Box SPM.1) 
 

 
B.1.1 Compared to 1850–1900, global surface temperature averaged over 2081–2100 is very likely to be 
higher by 1.0°C to 1.8°C under the very low GHG emissions scenario considered (SSP1-1.9), by 2.1°C to 
3.5°C in the intermediate scenario (SSP2-4.5) and by 3.3°C to 5.7°C under the very high GHG emissions 
scenario (SSP5-8.5)24. The last time global surface temperature was sustained at or above 2.5°C higher than 
1850–1900 was over 3 million years ago (medium confidence).  
{2.3, Cross-Chapter Box 2.4, 4.3, 4.5, Box TS.2, Box TS.4, Cross-Section Box TS.1} (Table SPM.1) 
 
 
Table SPM.1: Changes in global surface temperature, which are assessed based on multiple lines of evidence, for 

selected 20-year time periods and the five illustrative emissions scenarios considered. Temperature 
differences relative to the average global surface temperature of the period 1850–1900 are reported in 
°C. This includes the revised assessment of observed historical warming for the AR5 reference period 
1986–2005, which in AR6 is higher by 0.08 [–0.01 to 0.12] °C than in the AR5 (see footnote 10). 
Changes relative to the recent reference period 1995–2014 may be calculated approximately by 
subtracting 0.85°C, the best estimate of the observed warming from 1850–1900 to 1995–2014. 
{Cross-Chapter Box 2.3, 4.3, 4.4, Cross-Section Box TS.1} 

 
 

 
24 Changes in global surface temperature are reported as running 20-year averages, unless stated otherwise. 
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 Near term, 2021–2040 Mid-term, 2041–2060 Long term, 2081–2100 

Scenario Best estimate 
(°C) 

Very likely 
range (°C) 

Best estimate 
(°C) 

Very likely 
range (°C) 

Best estimate 
(°C) 

Very likely 
range (°C) 

SSP1-1.9 1.5 1.2 to 1.7 1.6 1.2 to 2.0 1.4 1.0 to 1.8 

SSP1-2.6 1.5 1.2 to 1.8 1.7 1.3 to 2.2 1.8 1.3 to 2.4 

SSP2-4.5 1.5 1.2 to 1.8 2.0 1.6 to 2.5 2.7 2.1 to 3.5 

SSP3-7.0 1.5 1.2 to 1.8 2.1 1.7 to 2.6 3.6 2.8 to 4.6 

SSP5-8.5 1.6 1.3 to 1.9 2.4 1.9 to 3.0 4.4 3.3 to 5.7 

 
 
 
B.1.2 Based on the assessment of multiple lines of evidence, global warming of 2°C, relative to 1850–
1900, would be exceeded during the 21st century under the high and very high GHG emissions scenarios 
considered in this report (SSP3-7.0 and SSP5-8.5, respectively). Global warming of 2°C would extremely 
likely be exceeded in the intermediate scenario (SSP2-4.5).  Under the very low and low GHG emissions 
scenarios, global warming of 2°C is extremely unlikely to be exceeded (SSP1-1.9), or unlikely to be exceeded 
(SSP1-2.6)25.  Crossing the 2°C global warming level in the mid-term period (2041–2060) is very likely to 
occur under the very high GHG emissions scenario (SSP5-8.5), likely to occur under the high GHG 
emissions scenario (SSP3-7.0), and more likely than not to occur in the intermediate GHG emissions 
scenario (SSP2-4.5)26. 
{4.3, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.4, Box SPM.1) 
 
B.1.3 Global warming of 1.5°C relative to 1850-1900 would be exceeded during the 21st century under the 
intermediate, high and very high scenarios considered in this report (SSP2-4.5, SSP3-7.0 and SSP5-8.5, 
respectively). Under the five illustrative scenarios, in the near term (2021-2040), the 1.5°C global warming 
level is very likely to be exceeded under the very high GHG emissions scenario (SSP5-8.5), likely to be 
exceeded under the intermediate and high GHG emissions scenarios (SSP2-4.5 and SSP3-7.0), more likely 
than not to be exceeded under the low GHG emissions scenario (SSP1-2.6) and more likely than not to be 
reached under the very low GHG emissions scenario (SSP1-1.9)27. Furthermore, for the very low GHG 
emissions scenario (SSP1-1.9), it is more likely than not that global surface temperature would decline back 
to below 1.5°C toward the end of the 21st century, with a temporary overshoot of no more than 0.1°C above 
1.5°C global warming. 
{4.3, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.4) 
 

 
25 SSP1-1.9 and SSP1-2.6 are scenarios that start in 2015 and have very low and low GHG emissions and CO2 emissions declining to 
net zero around or after 2050, followed by varying levels of net negative CO2 emissions. 
26 Crossing is defined here as having the assessed global surface temperature change, averaged over a 20-year period, exceed a 
particular global warming level. 
27 The AR6 assessment of when a given global warming level is first exceeded benefits from the consideration of the illustrative 
scenarios, the multiple lines of evidence entering the assessment of future global surface temperature response to radiative forcing, 
and the improved estimate of historical warming. The AR6 assessment is thus not directly comparable to the SR1.5 SPM, which 
reported likely reaching 1.5°C global warming between 2030 and 2052, from a simple linear extrapolation of warming rates of the 
recent past. When considering scenarios similar to SSP1-1.9 instead of linear extrapolation, the SR1.5 estimate of when 1.5°C global 
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B.1.4 Global surface temperature in any single year can vary above or below the long-term human-induced 
trend, due to substantial natural variability28. The occurrence of individual years with global surface 
temperature change above a certain level, for example 1.5°C or 2ºC, relative to 1850–1900 does not imply 
that this global warming level has been reached29.   
{Cross-Chapter Box 2.3, 4.3, 4.4, Box 4.1, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.1, Figure 
SPM.8) 
 
 
B.2 Many changes in the climate system become larger in direct relation to increasing global 

warming. They include increases in the frequency and intensity of hot extremes, marine 
heatwaves, and heavy precipitation, agricultural and ecological droughts in some 
regions, and proportion of intense tropical cyclones, as well as reductions in Arctic sea 
ice, snow cover and permafrost. {4.3, 4.5, 4.6, 7.4, 8.2, 8.4, Box 8.2, 9.3, 9.5, Box 9.2, 11.1, 
11.2, 11.3, 11.4, 11.6, 11.7, 11.9, Cross-Chapter Box 11.1, 12.4, 12.5, Cross-Chapter Box 
12.1, Atlas.4, Atlas.5, Atlas.6, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11} (Figure SPM.5, 
Figure SPM.6, Figure SPM.8) 

 
 
B.2.1 It is virtually certain that the land surface will continue to warm more than the ocean surface (likely 
1.4 to 1.7 times more). It is virtually certain that the Arctic will continue to warm more than global surface 
temperature, with high confidence above two times the rate of global warming. 
{2.3, 4.3, 4.5, 4.6, 7.4, 11.1, 11.3, 11.9, 12.4, 12.5, Cross-Chapter Box 12.1, Atlas.4, Atlas.5, Atlas.6, 
Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11, Cross-Section Box TS.1, TS.2.6} (Figure SPM.5) 
 
B.2.2 With every additional increment of global warming, changes in extremes continue to become larger. 
For example, every additional 0.5°C of global warming causes clearly discernible increases in the intensity 
and frequency of hot extremes, including heatwaves (very likely), and heavy precipitation (high confidence), 
as well as agricultural and ecological droughts30 in some regions (high confidence). Discernible changes in 
intensity and frequency of meteorological droughts, with more regions showing increases than decreases, are 
seen in some regions for every additional 0.5°C of global warming (medium confidence). Increases in 
frequency and intensity of hydrological droughts become larger with increasing global warming in some 
regions (medium confidence). There will be an increasing occurrence of some extreme events unprecedented 
in the observational record with additional global warming, even at 1.5°C of global warming. Projected 
percentage changes in frequency are higher for rarer events (high confidence). 
{8.2, 11.2, 11.3, 11.4, 11.6, 11.9, Cross-Chapter Box 11.1, Cross-Chapter Box 12.1, TS.2.6} (Figure 
SPM.5, Figure SPM.6) 
 

 
warming is first exceeded is close to the best estimate reported here. 
28 Natural variability refers to climatic fluctuations that occur without any human influence, that is, internal variability combined with 
the response to external natural factors such as volcanic eruptions, changes in solar activity and, on longer time scales, orbital effects 
and plate tectonics.  
29 The internal variability in any single year is estimated to be ± 0.25°C (5–95% range, high confidence). 
30 Projected changes in agricultural and ecological droughts are primarily assessed based on total column soil moisture. See footnote 
15 for definition and relation to precipitation and evapotranspiration. 
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B.2.3 Some mid-latitude and semi-arid regions, and the South American Monsoon region, are projected to 
see the highest increase in the temperature of the hottest days, at about 1.5 to 2 times the rate of global 
warming (high confidence). The Arctic is projected to experience the highest increase in the temperature of 
the coldest days, at about 3 times the rate of global warming (high confidence). With additional global 
warming, the frequency of marine heatwaves will continue to increase (high confidence), particularly in the 
tropical ocean and the Arctic (medium confidence). 
{Box 9.2, 11.1, 11.3, 11.9, Cross-Chapter Box 11.1, Cross-Chapter Box 12.1, 12.4, TS.2.4, TS.2.6} (Figure 
SPM.6) 
 
B.2.4 It is very likely that heavy precipitation events will intensify and become more frequent in most 
regions with additional global warming. At the global scale, extreme daily precipitation events are projected 
to intensify by about 7% for each 1°C of global warming (high confidence). The proportion of intense 
tropical cyclones (categories 4-5) and peak wind speeds of the most intense tropical cyclones are projected to 
increase at the global scale with increasing global warming (high confidence). 
{8.2, 11.4, 11.7, 11.9, Cross-Chapter Box 11.1, Box TS.6, TS.4.3.1} (Figure SPM.5, Figure SPM.6) 
 
B.2.5 Additional warming is projected to further amplify permafrost thawing, and loss of seasonal snow 
cover, of land ice and of Arctic sea ice (high confidence). The Arctic is likely to be practically sea ice free in 
September31 at least once before 2050 under the five illustrative scenarios considered in this report, with 
more frequent occurrences for higher warming levels. There is low confidence in the projected decrease of 
Antarctic sea ice. 
{4.3, 4.5, 7.4, 8.2, 8.4, Box 8.2, 9.3, 9.5, 12.4, Cross-Chapter Box 12.1, Atlas.5, Atlas.6, Atlas.8, Atlas.9, 
Atlas.11, TS.2.5} (Figure SPM.8) 
 
  

 
31 monthly average sea ice area of less than 1 million km2 which is about 15% of the average September sea ice area observed in 
1979-1988 
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With every increment of global warming, changes get larger 
in regional mean temperature, precipitation and soil moisture

a) Annual mean temperature change (°C)
at 1 °C global warming

b) Annual mean temperature change (°C)
relative to 1850-1900

Across warming levels, land areas warm more than oceans, and the Arctic 
and Antarctica warm more than the tropics.

Warming at 1 °C affects all continents and 
is generally larger over land than over the 
oceans in both observations and models. 
Across most regions, observed and 
simulated patterns are consistent.

Simulated change at 2 °C global warming Simulated change at 4 °C global warmingSimulated change at 1.5 °C global warming

Simulated change at 1 °C global warmingObserved change per 1 °C global warming

Change (°C)
Warmer

Panel a) Comparison of observed and simulated annual mean surface temperature change. The left map 
shows the observed changes in annual mean surface temperature in the period of 1850–2020 per °C of global 
warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes are linearly regressed 
against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley 
Earth, the dataset with the largest coverage and highest horizontal resolution. Linear regression is applied to all 
years for which data at the corresponding grid point is available. The regression method was used to take into 
account the complete observational time series and thereby reduce the role of internal variability at the grid point 
level. White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable 
linear regression. The right map is based on model simulations and shows change in annual multi-model mean 
simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature change relative 
to 1850–1900). The triangles at each end of the color bar indicate out-of-bound values, that is, values above or 
below the given limits. 
Panel b) Simulated annual mean temperature change (°C), panel c) precipitation change (%), and panel d)
total column soil moisture change (standard deviation of interannual variability) at global warming levels of
1.5°C, 2°C and 4°C (20-yr mean global surface temperature change relative to 1850–1900). Simulated changes
correspond to CMIP6 multi-model mean change (median change for soil moisture) at the corresponding global
warming level, i.e. the same method as for the right map in panel a).

Figure SPM.5:    Changes in annual mean surface temperature, precipitation, and soil moisture.
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c) Annual mean precipitation change (%)
relative to 1850-1900

Change (%)

d) Annual mean total column soil
moisture change (standard deviation)
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Change (standard deviation

of interannual variability)

-1.5

Precipitation is projected to increase over high latitudes, the equatorial 
Pacific and parts of the monsoon regions, but decrease over parts of the 
subtropics and in limited areas of the tropics.

Relatively small absolute changes
may appear as large % changes in 
regions with dry baseline conditions

Relatively small absolute changes 
may appear large when expressed
in units of standard deviation in dry 
regions with little interannual 
variability in baseline conditions

Across warming levels, changes in soil moisture largely follow changes in 
precipitation but also show some differences due to the influence of 
evapotranspiration.

Simulated change at 2 °C global warming Simulated change at 4 °C global warmingSimulated change at 1.5 °C global warming

Simulated change at 2 °C global warming Simulated change at 4 °C global warmingSimulated change at 1.5 °C global warming

-40 -30 -20 -10 0 10 20 30 40

WetterDrier

WetterDrier

In panel c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel 
d), the unit is the standard deviation of interannual variability in soil moisture during 1850–1900. Standard 
deviation is a widely used metric in characterizing drought severity. A projected reduction in mean soil moisture 
by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once 
every six years during 1850–1900. In panel d), large changes in dry regions with little interannual variability in the 
baseline conditions can correspond to small absolute change. The triangles at each end of the color bars indicate 
out-of-bound values, that is, values above or below the given limits. Results from all models reaching the 
corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and 
SSP5-8.5) are averaged. Maps of annual mean temperature and precipitation changes at a global warming level of 
3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6.
Corresponding maps of panels b), c) and d) including hatching to indicate the level of model agreement at grid-cell 
level are found in Figures 4.31, 4.32 and 11.19, respectively; as highlighted in CC-box Atlas.1, grid-cell level 
hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) where the aggregated signals 
are less affected by small-scale variability leading to an increase in robustness.
{TS.1.3.2, Figure TS.3, Figure TS.5, Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1}
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Figure SPM.6: Projected changes in the intensity and frequency of hot temperature extremes over 

land, extreme precipitation over land, and agricultural and ecological droughts in drying regions. 
 
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850-
19009 representing a climate without human influence. The figure depicts frequencies and increases in 
intensity of 10- or 50-year extreme events from the base period (1850-1900) under different global warming 
levels. 
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on 
average once in a decade (10-year event) or once in 50 years (50-year event) during the 1850–1900 reference 
period. Extreme precipitation events are defined as the daily precipitation amount over land that was 
exceeded on average once in a decade during the 1850–1900 reference period. Agricultural and ecological 
drought events are defined as the annual average of total column soil moisture below the 10th percentile of 
the 1850–1900 base period. These extremes are defined on model grid box scale. For hot temperature 
extremes and extreme precipitation, results are shown for the global land. For agricultural and ecological 
drought, results are shown for drying regions only, which correspond to the AR6 regions in which there is at 
least medium confidence in a projected increase in agricultural/ecological drought at the 2°C warming level 
compared to the 1850–1900 base period in CMIP6. These regions include W. North-America, C. North-
America, N. Central-America, S. Central-America, Caribbean, N. South-America, N.E. South-America, 
South-American-Monsoon, S.W. South-America, S. South-America, West & Central-Europe, Mediterranean, 
W. Southern-Africa, E. Southern-Africa, Madagascar, E. Australia, S. Australia (Caribbean is not included in 
the calculation of the figure because of the too small number of full land grid cells). The non-drying regions 
do not show an overall increase or decrease in drought severity. Projections of changes in agricultural and 
ecological droughts in the CMIP5 multi-model ensemble differ from those in CMIP6 in some regions, 
including in part of Africa and Asia. Assessments on projected changes in meteorological and hydrological 
droughts are provided in Chapter 11. {11.6, 11.9} 
 
In the ‘frequency’ section, each year is represented by a dot. The dark dots indicate years in which the 
extreme threshold is exceeded, while light dots are years when the threshold is not exceeded. Values 
correspond to the medians (in bold) and their respective 5–95% range based on the multi-model ensemble 
from simulations of CMIP6 under different SSP scenarios. For consistency, the number of dark dots is based 
on the rounded-up median. In the ‘intensity’ section, medians and their 5–95% range, also based on the 
multi-model ensemble from simulations of CMIP6, are displayed as dark and light bars, respectively. 
Changes in the intensity of hot temperature extremes and extreme precipitations are expressed as degree 
Celsius and percentage. As for agricultural and ecological drought, intensity changes are expressed as 
fractions of standard deviation of annual soil moisture.  
 
{11.1, 11.3, 11.4, 11.6, Figure 11.12, Figure 11.15, Figure 11.6, Figure 11.7, Figure 11.18} 
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B.3 Continued global warming is projected to further intensify the global water cycle,

including its variability, global monsoon precipitation and the severity of wet and dry 

events. 

{4.3, 4.4, 4.5, 4.6, 8.2, 8.3, 8.4, 8.5, Box 8.2, 11.4, 11.6, 11.9, 12.4, Atlas.3} (Figure SPM.5, 

Figure SPM.6)  

B.3.1 There is strengthened evidence since AR5 that the global water cycle will continue to intensify as

global temperatures rise (high confidence), with precipitation and surface water flows projected to become

more variable over most land regions within seasons (high confidence) and from year to year (medium

confidence). The average annual global land precipitation is projected to increase by 0–5% under the very

low GHG emissions scenario (SSP1-1.9), 1.5-8% for the intermediate GHG emissions scenario (SSP2-4.5)

and 1–13% under the very high GHG emissions scenario (SSP5-8.5) by 2081–2100 relative to 1995-2014

(likely ranges). Precipitation is projected to increase over high latitudes, the equatorial Pacific and parts of

the monsoon regions, but decrease over parts of the subtropics and limited areas in the tropics in SSP2-4.5,

SSP3-7.0 and SSP5-8.5 (very likely). The portion of the global land experiencing detectable increases or

decreases in seasonal mean precipitation is projected to increase (medium confidence). There is high

confidence in an earlier onset of spring snowmelt, with higher peak flows at the expense of summer flows in

snow-dominated regions globally.

{4.3, 4.5, 4.6, 8.2, 8.4, Atlas.3, TS.2.6, Box TS.6, TS.4.3} (Figure SPM.5)

B.3.2 A warmer climate will intensify very wet and very dry weather and climate events and seasons, with

implications for flooding or drought (high confidence), but the location and frequency of these events depend

on projected changes in regional atmospheric circulation, including monsoons and mid-latitude storm tracks.

It is very likely that rainfall variability related to the El Niño–Southern Oscillation is projected to be

amplified by the second half of the 21st century in the SSP2-4.5, SSP3-7.0 and SSP5-8.5 scenarios.

{4.3, 4.5, 4.6, 8.2, 8.4, 8.5, 11.4, 11.6, 11.9, 12.4, TS.2.6, TS.4.2, Box TS.6} (Figure SPM.5, Figure

SPM.6)

B.3.3 Monsoon precipitation is projected to increase in the mid- to long term at global scale, particularly

over South and Southeast Asia, East Asia and West Africa apart from the far west Sahel (high confidence).

The monsoon season is projected to have a delayed onset over North and South America and West Africa

(high confidence) and a delayed retreat over West Africa (medium confidence).

{4.4, 4.5, 8.2, 8.3, 8.4, Box 8.2, Box TS.13}

B.3.4 A projected southward shift and intensification of Southern Hemisphere summer mid-latitude storm

tracks and associated precipitation is likely in the long term under high GHG emissions scenarios (SSP3-7.0,

SSP5-8.5), but in the near term the effect of stratospheric ozone recovery counteracts these changes (high

confidence). There is medium confidence in a continued poleward shift of storms and their precipitation in

the North Pacific, while there is low confidence in projected changes in the North Atlantic storm tracks.

{TS.4.2, 4.4, 4.5, 8.4, TS.2.3}

B.4 Under scenarios with increasing CO2 emissions, the ocean and land carbon sinks are

projected to be less effective at slowing the accumulation of CO2 in the atmosphere. 

{4.3, 5.2, 5.4, 5.5, 5.6} (Figure SPM.7)  

B.4.1 While natural land and ocean carbon sinks are projected to take up, in absolute terms, a

progressively larger amount of CO2 under higher compared to lower CO2 emissions scenarios, they become

less effective, that is, the proportion of emissions taken up by land and ocean decrease with increasing

cumulative CO2 emissions. This is projected to result in a higher proportion of emitted CO2 remaining in the

atmosphere (high confidence).

{5.2, 5.4, Box TS.5} (Figure SPM.7)
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B.4.2 Based on model projections, under the intermediate scenario that stabilizes atmospheric CO2

concentrations this century (SSP2-4.5), the rates of CO2 taken up by the land and oceans are projected to

decrease in the second half of the 21st century (high confidence). Under the very low and low GHG

emissions scenarios (SSP1-1.9, SSP1-2.6), where CO2 concentrations peak and decline during the 21st

century, land and oceans begin to take up less carbon in response to declining atmospheric CO2

concentrations (high confidence) and turn into a weak net source by 2100 under SSP1-1.9 (medium

confidence). It is very unlikely that the combined global land and ocean sink will turn into a source by 2100

under scenarios without net negative emissions32 (SSP2-4.5, SSP3-7.0, SSP5-8.5).

{4.3, 5.4, 5.5, 5.6, Box TS.5, TS.3.3}

B.4.3 The magnitude of feedbacks between climate change and the carbon cycle becomes larger but also

more uncertain in high CO2 emissions scenarios (very high confidence). However, climate model projections

show that the uncertainties in atmospheric CO2 concentrations by 2100 are dominated by the differences

between emissions scenarios (high confidence). Additional ecosystem responses to warming not yet fully

included in climate models, such as CO2 and CH4 fluxes from wetlands, permafrost thaw and wildfires,

would further increase concentrations of these gases in the atmosphere (high confidence).

{5.4, Box TS.5, TS.3.2}

32 These projected adjustments of carbon sinks to stabilization or decline of atmospheric CO2 are accounted for in calculations of 

remaining carbon budgets.  

2805  



Approved Version Summary for Policymakers IPCC AR6 WGI 

SPM-27 Total pages: 30 

The proportion of CO₂ emissions taken up by land and ocean carbon sinks 
is smaller in scenarios with higher cumulative CO₂ emissions

Total cumulative CO₂ emissions taken up by land and oceans (colours) and remaining in the atmosphere (grey) 
under the five illustrative scenarios from 1850 to 2100

…meaning that the proportion
of CO₂ emissions taken up by
land and ocean carbon sinks
from the atmosphere
is smaller in scenarios
with higher CO₂ emissions.
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Figure SPM.7: Cumulative anthropogenic CO2 emissions taken up by land and ocean sinks by 2100 under
 the five illustrative scenarios. 

The cumulative anthropogenic (human-caused) carbon dioxide (CO2) emissions taken up by the land and ocean 
sinks under the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are 
simulated from 1850 to 2100 by CMIP6 climate models in the concentration-driven simulations. Land and 
ocean carbon sinks respond to past, current and future emissions, therefore cumulative sinks from 1850 to 2100 
are presented here. During the historical period (1850-2019) the observed land and ocean sink took up 1430 
GtCO2 (59% of the emissions). 
The bar chart illustrates the projected amount of cumulative anthropogenic CO2 emissions (GtCO2) between 
1850 and 2100 remaining in the atmosphere (grey part) and taken up by the land and ocean (coloured part) in 
the year 2100. The doughnut chart illustrates the proportion of the cumulative anthropogenic CO2 emissions 
taken up by the land and ocean sinks and remaining in the atmosphere in the year 2100. Values in % indicate 
the proportion of the cumulative anthropogenic CO2 emissions taken up by the combined land and ocean sinks 
in the year 2100. The overall anthropogenic carbon emissions are calculated by adding the net global land use 
emissions from CMIP6 scenario database to the other sectoral emissions calculated from climate model runs 
with prescribed CO2 concentrations33. Land and ocean CO2 uptake since 1850 is calculated from the net biome 
productivity on land, corrected for CO2 losses due to land-use change by adding the land-use change 
emissions, and net ocean CO2 flux.  
{Box TS.5, Box TS.5, Figure 1, 5.2.1, Table 5.1, 5.4.5, Figure 5.25}

33 The other sectoral emissions are calculated as the residual of the net land and ocean CO2 uptake and the prescribed atmospheric 
CO2 concentration changes in the CMIP6 simulations. These calculated emissions are net emissions and do not separate gross 
anthropogenic emissions from removals, which are included implicitly.
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B.5 Many changes due to past and future greenhouse gas emissions are irreversible for

centuries to millennia, especially changes in the ocean, ice sheets and global sea level. 

{Cross-Chapter Box 2.4, 2.3, 4.3, 4.5, 4.7, 5.3, 9.2, 9.4, 9.5, 9.6, Box 9.4} (Figure SPM.8) 

B.5.1 Past GHG emissions since 1750 have committed the global ocean to future warming (high

confidence). Over the rest of the 21st century, likely ocean warming ranges from 2–4 (SSP1-2.6) to 4–8 times

(SSP5-8.5) the 1971–2018 change. Based on multiple lines of evidence, upper ocean stratification (virtually

certain), ocean acidification (virtually certain) and ocean deoxygenation (high confidence) will continue to

increase in the 21st century, at rates dependent on future emissions. Changes are irreversible on centennial to

millennial time scales in global ocean temperature (very high confidence), deep ocean acidification (very

high confidence) and deoxygenation (medium confidence).

{4.3, 4.5, 4.7, 5.3, 9.2, TS.2.4} (Figure SPM.8)

B.5.2 Mountain and polar glaciers are committed to continue melting for decades or centuries (very high

confidence). Loss of permafrost carbon following permafrost thaw is irreversible at centennial timescales

(high confidence). Continued ice loss over the 21st century is virtually certain for the Greenland Ice Sheet

and likely for the Antarctic Ice Sheet. There is high confidence that total ice loss from the Greenland Ice

Sheet will increase with cumulative emissions. There is limited evidence for low-likelihood, high-impact

outcomes (resulting from ice sheet instability processes characterized by deep uncertainty and in some cases

involving tipping points) that would strongly increase ice loss from the Antarctic Ice Sheet for centuries

under high GHG emissions scenarios34.  {4.3, 4.7, 5.4, 9.4, 9.5, Box 9.4, Box TS.1, TS.2.5}

B.5.3 It is virtually certain that global mean sea level will continue to rise over the 21st century. Relative

to 1995-2014, the likely global mean sea level rise by 2100 is 0.28-0.55 m under the very low GHG

emissions scenario (SSP1-1.9), 0.32-0.62 m under the low GHG emissions scenario (SSP1-2.6), 0.44-0.76 m

under the intermediate GHG emissions scenario (SSP2-4.5), and 0.63-1.01 m under the very high GHG

emissions scenario (SSP5-8.5), and by 2150 is 0.37-0.86 m under the very low scenario (SSP1-1.9), 0.46-

0.99 m under the low scenario (SSP1-2.6), 0.66-1.33 m under the intermediate scenario (SSP2-4.5), and

0.98-1.88 m under the very high scenario (SSP5-8.5) (medium confidence)35. Global mean sea level rise

above the likely range – approaching 2 m by 2100 and 5 m by 2150 under a very high GHG emissions

scenario (SSP5-8.5) (low confidence) – cannot be ruled out due to deep uncertainty in ice sheet processes.

{4.3, 9.6, Box 9.4, Box TS.4} (Figure SPM.8)

B.5.4 In the longer term, sea level is committed to rise for centuries to millennia due to continuing deep

ocean warming and ice sheet melt, and will remain elevated for thousands of years (high confidence). Over

the next 2000 years, global mean sea level will rise by about 2 to 3 m if warming is limited to 1.5°C, 2 to 6

m if limited to 2°C and 19 to 22 m with 5°C of warming, and it will continue to rise over subsequent

millennia (low confidence). Projections of multi-millennial global mean sea level rise are consistent with

reconstructed levels during past warm climate periods: likely 5–10 m higher than today around 125,000 years

ago, when global temperatures were very likely 0.5°C–1.5°C higher than 1850–1900; and very likely 5–25 m

higher roughly 3 million years ago, when global temperatures were 2.5°C–4°C higher (medium confidence).

{2.3, Cross-Chapter Box 2.4, 9.6, Box TS.2, Box TS.4, Box TS.9}

34 Low-likelihood, high-impact outcomes are those whose probability of occurrence is low or not well known (as in the context of 

deep uncertainty) but whose potential impacts on society and ecosystems could be high. A tipping point is a critical threshold beyond 

which a system reorganizes, often abruptly and/or irreversibly. {Cross-Chapter Box 1.3, 1.4, 4.7} 

35 To compare to the 1986–2005 baseline period used in AR5 and SROCC, add 0.03 m to the global mean sea level rise estimates. To 

compare to the 1900 baseline period used in Figure SPM.8, add 0.16 m. 

2807  



Approved Version Summary for Policymakers IPCC AR6 WGI 

SPM-29 

  

Total pages: 41  

Human activities affect all the major climate system components, with 
some responding over decades and others over centuries

d) Global mean sea level change relative to 1900
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including ice sheet instability 
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Figure SPM.8: Selected indicators of global climate change under the five illustrative scenarios used in this 

report. 

The projections for each of the five scenarios are shown in colour. Shades represent uncertainty ranges – more 

detail is provided for each panel below. The black curves represent the historical simulations (panels a, b, c) or the 

observations (panel d). Historical values are included in all graphs to provide context for the projected future 

changes.  

Panel a) Global surface temperature changes in °C relative to 1850–1900. These changes were obtained by 

combining CMIP6 model simulations with observational constraints based on past simulated warming, as well as 

an updated assessment of equilibrium climate sensitivity (see Box SPM.1). Changes relative to 1850–1900 based 

on 20-year averaging periods are calculated by adding 0.85°C (the observed global surface temperature increase 

from 1850–1900 to 1995–2014) to simulated changes relative to 1995–2014. Very likely ranges are shown for 

SSP1-2.6 and SSP3-7.0. 

Panel b) September Arctic sea ice area in 106 km2 based on CMIP6 model simulations. Very likely ranges are 

shown for SSP1-2.6 and SSP3-7.0. The Arctic is projected to be practically ice-free near mid-century under mid- 

and high GHG emissions scenarios. 

Panel c) Global ocean surface pH (a measure of acidity) based on CMIP6 model simulations. Very likely ranges 

are shown for SSP1-2.6 and SSP3-7.0. 

Panel d) Global mean sea level change in meters relative to 1900. The historical changes are observed (from tide 

gauges before 1992 and altimeters afterwards), and the future changes are assessed consistently with observational 

constraints based on emulation of CMIP, ice sheet, and glacier models. Likely ranges are shown for SSP1-2.6 and 

SSP3-7.0. Only likely ranges are assessed for sea level changes due to difficulties in estimating the distribution of 

deeply uncertain processes. The dashed curve indicates the potential impact of these deeply uncertain processes. It 

shows the 83rd percentile of SSP5-8.5 projections that include low-likelihood, high-impact ice sheet processes that 

cannot be ruled out; because of low confidence in projections of these processes, this curve does not constitute part 

of a likely range. Changes relative to 1900 are calculated by adding 0.158 m (observed global mean sea level rise 

from 1900 to 1995–2014) to simulated and observed changes relative to 1995–2014. 

Panel e): Global mean sea level change at 2300 in meters relative to 1900. Only SSP1-2.6 and SSP5-8.5 are 

projected at 2300, as simulations that extend beyond 2100 for the other scenarios are too few for robust results. The 

17th–83rd percentile ranges are shaded. The dashed arrow illustrates the 83rd percentile of SSP5-8.5 projections 

that include low-likelihood, high-impact ice sheet processes that cannot be ruled out.  

Panels b) and c) are based on single simulations from each model, and so include a component of internal 

variability. Panels a), d) and e) are based on long-term averages, and hence the contributions from internal 

variability are small. 

{Figure TS.8, Figure TS.11, Box TS.4 Figure 1, Box TS.4 Figure 1, 4.3, 9.6, Figure 4.2, Figure 4.8, Figure 4.11, 

Figure 9.27} 
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C. Climate Information for Risk Assessment and Regional Adaptation

Physical climate information addresses how the climate system responds to the interplay between human 

influence, natural drivers and internal variability. Knowledge of the climate response and the range of 

possible outcomes, including low-likelihood, high impact outcomes, informs climate services – the 

assessment of climate-related risks and adaptation planning. Physical climate information at global, 

regional and local scales is developed from multiple lines of evidence, including observational products, 

climate model outputs and tailored diagnostics. 

C.1 Natural drivers and internal variability will modulate human-caused changes, especially

at regional scales and in the near term, with little effect on centennial global warming. 

These modulations are important to consider in planning for the full range of possible 

changes. 

{1.4, 2.2, 3.3, Cross-Chapter Box 3.1, 4.4, 4.6, Cross-Chapter Box 4.1, 4.4, Box 7.2, 8.3, 8.5, 

9.2, 10.3, 10.4, 10.6, 11.3, 12.5, Atlas.4, Atlas.5, Atlas.8, Atlas.9, Atlas.10, Cross-Chapter 

Box Atlas.2, Atlas.11} 

C.1.1 The historical global surface temperature record highlights that decadal variability has enhanced and

masked underlying human-caused long-term changes, and this variability will continue into the future (very

high confidence). For example, internal decadal variability and variations in solar and volcanic drivers

partially masked human-caused surface global warming during 1998–2012, with pronounced regional and

seasonal signatures (high confidence). Nonetheless, the heating of the climate system continued during this

period, as reflected in both the continued warming of the global ocean (very high confidence) and in the

continued rise of hot extremes over land (medium confidence).

{1.4, 3.3, Cross-Chapter Box 3.1, 4.4, Box 7.2, 9.2, 11.3, Cross-Section Box TS.1} (Figure SPM.1)

C.1.2 Projected human caused changes in mean climate and climatic impact-drivers (CIDs)36, including

extremes, will be either amplified or attenuated by internal variability37 (high confidence). Near-term cooling

at any particular location with respect to present climate could occur and would be consistent with the global

surface temperature increase due to human influence (high confidence).

{1.4, 4.4, 4.6, 10.4, 11.3, 12.5, Atlas.5, Atlas.10, Atlas.11, TS.4.2}

C.1.3 Internal variability has largely been responsible for the amplification and attenuation of the observed

human-caused decadal-to-multi-decadal mean precipitation changes in many land regions (high confidence).

At global and regional scales, near-term changes in monsoons will be dominated by the effects of internal

variability (medium confidence). In addition to internal variability influence, near-term projected changes in

precipitation at global and regional scales are uncertain because of model uncertainty and uncertainty in

forcings from natural and anthropogenic aerosols (medium confidence).

{1.4, 4.4, 8.3, 8.5, 10.3, 10.4, 10.5, 10.6, Atlas.4, Atlas.8, Atlas.9, Atlas.10, Cross-Chapter Box Atlas.2,

Atlas.11, TS.4.2, Box TS.6, Box TS.13}

36 Climatic impact-drivers (CIDs) are physical climate system conditions (e.g., means, events, extremes) that affect an element of 

society or ecosystems. Depending on system tolerance, CIDs and their changes can be detrimental, beneficial, neutral, or a mixture of 

each across interacting system elements and regions. CID types include heat and cold, wet and dry, wind, snow and ice, coastal and 

open ocean. 

37 The main internal variability phenomena include El Niño–Southern Oscillation, Pacific Decadal variability and Atlantic Multi-

decadal variability through their regional influence. 
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C.1.4 Based on paleoclimate and historical evidence, it is likely that at least one large explosive volcanic

eruption would occur during the 21st century38. Such an eruption would reduce global surface temperature

and precipitation, especially over land, for one to three years, alter the global monsoon circulation, modify

extreme precipitation and change many CIDs (medium confidence). If such an eruption occurs, this would

therefore temporarily and partially mask human-caused climate change.

{4.4, Cross-Chapter Box 4.1, 2.2, 8.5, TS.2.1}

C.2 With further global warming, every region is projected to increasingly experience

concurrent and multiple changes in climatic impact-drivers. Changes in several climatic 

impact-drivers would be more widespread at 2°C compared to 1.5°C global warming 

and even more widespread and/or pronounced for higher warming levels. 

{8.2, 9.3, 9.5, 9.6, Box 10.3, Box 11.3, Box 11.4, 11.3, 11.4, 11.5, 11.6, 11.7, 11.9, 12.2, 12.3, 

12.4, 12.5, Atlas.4, Atlas.5, Atlas.6, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11, Cross-

Chapter Box 11.1, Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.9) 

C.2.1 All regions39 are projected to experience further increases in hot climatic impact-drivers (CIDs) and

decreases in cold CIDs (high confidence). Further decreases are projected in permafrost, snow, glaciers and

ice sheets, lake and Arctic sea ice (medium to high confidence)40. These changes would be larger at 2°C

global warming or above than at 1.5°C (high confidence). For example, extreme heat thresholds relevant to

agriculture and health are projected to be exceeded more frequently at higher global warming levels (high

confidence).

{9.3, 9.5, 11.3, 11.9, 12.3, 12.4, 12.5, Atlas.4, Atlas.5, Atlas.6, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11,

TS.4.3, Cross-Chapter Box 11.1, Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.9)

C.2.2 At 1.5°C global warming, heavy precipitation and associated flooding are projected to intensify and

be more frequent in most regions in Africa and Asia (high confidence), North America (medium to high

confidence)40 and Europe (medium confidence). Also, more frequent and/or severe agricultural and

ecological droughts are projected in a few regions in all continents except Asia compared to 1850–1900

(medium confidence); increases in meteorological droughts are also projected in a few regions (medium

confidence). A small number of regions are projected to experience increases or decreases in mean

precipitation (medium confidence).

{11.4, 11.5, 11.6, 11.9, Atlas.4, Atlas.5, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11, TS.4.3} (Table SPM.1)

38 Based on 2,500 year reconstructions, eruptions more negative than –1 W m–2 occur on average twice per century. 

39 Regions here refer to the AR6 WGI reference regions used in this Report to summarize information in sub-continental and oceanic 

regions. Changes are compared to averages over the last 20–40 years unless otherwise specified. {1.4, 12.4, Atlas.1, Interactive 

Atlas}. 

40 The specific level of confidence or likelihood depends on the region considered. Details can be found in the Technical Summary 

and the underlying Report. 
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C.2.3  At 2°C global warming and above, the level of confidence in and the magnitude of the change in

droughts and heavy and mean precipitation increase compared to those at 1.5°C. Heavy precipitation and

associated flooding events are projected to become more intense and frequent in the Pacific Islands and

across many regions of North America and Europe (medium to high confidence)40. These changes are also

seen in some regions in Australasia and Central and South America (medium confidence). Several regions in

Africa, South America and Europe are projected to experience an increase in frequency and/or severity of

agricultural and ecological droughts with medium to high confidence40; increases are also projected in

Australasia, Central and North America, and the Caribbean with medium confidence. A small number of

regions in Africa, Australasia, Europe and North America are also projected to be affected by increases in

hydrological droughts, and several regions are projected to be affected by increases or decreases in

meteorological droughts with more regions displaying an increase (medium confidence). Mean precipitation

is projected to increase in all polar, northern European and northern North American regions, most Asian

regions and two regions of South America (high confidence).

{11.4, 11.6, 11.9, 12.4, 12.5, Atlas.5, Atlas.7, Atlas.8, Atlas.9, Atlas.11, TS.4.3, Cross-Chapter Box 11.1,

Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.5, Figure SPM.6, Figure SPM.9)

C.2.4 More CIDs across more regions are projected to change at 2°C and above compared to 1.5°C global

warming (high confidence). Region-specific changes include intensification of tropical cyclones and/or

extratropical storms (medium confidence), increases in river floods (medium to high confidence)40, reductions

in mean precipitation and increases in aridity (medium to high confidence)40, and increases in fire weather

(medium to high confidence)40. There is low confidence in most regions in potential future changes in other

CIDs, such as hail, ice storms, severe storms, dust storms, heavy snowfall, and landslides.

{11.7, 11.9, 12.4, 12.5, Atlas.4, Atlas.6, Atlas.7, Atlas.8, Atlas.10, TS.4.3.1, TS.4.3.2, TS.5, Cross-Chapter

Box, 11.1, Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.9)

C.2.5 It is very likely to virtually certain40 that regional mean relative sea level rise will continue

throughout the 21st century, except in a few regions with substantial geologic land uplift rates.

Approximately two-thirds of the global coastline has a projected regional relative sea level rise within ±20%

of the global mean increase (medium confidence). Due to relative sea level rise, extreme sea level events that

occurred once per century in the recent past are projected to occur at least annually at more than half of all

tide gauge locations by 2100 (high confidence). Relative sea level rise contributes to increases in the

frequency and severity of coastal flooding in low-lying areas and to coastal erosion along most sandy coasts

(high confidence).

{9.6, 12.4, 12.5, Box TS.4, TS.4.3, Cross-Chapter Box 12.1} (Figure SPM.9)

C.2.6 Cities intensify human-induced warming locally, and further urbanization together with more

frequent hot extremes will increase the severity of heatwaves (very high confidence). Urbanization also

increases mean and heavy precipitation over and/or downwind of cities (medium confidence) and resulting

runoff intensity (high confidence). In coastal cities, the combination of more frequent extreme sea level

events (due to sea level rise and storm surge) and extreme rainfall/riverflow events will make flooding more

probable (high confidence).

{8.2, Box 10.3, 11.3, 12.4, Box TS.14}

C.2.7 Many regions are projected to experience an increase in the probability of compound events with

higher global warming (high confidence). In particular, concurrent heatwaves and droughts are likely to

become more frequent. Concurrent extremes at multiple locations become more frequent, including in crop-

producing areas, at 2°C and above compared to 1.5°C global warming (high confidence).

{11.8, Box 11.3, Box 11.4, 12.3, 12.4, TS.4.3, Cross-Chapter Box 12.1} (Table SPM.1)
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Multiple climatic impact-drivers are projected to change in all regions
of the world

Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected 
to increase or decrease with high confidence (dark shade) or medium confidence (light shade)

Climatic impact-drivers (CIDs) are physical climate system conditions (e.g., means, events, extremes) that affect an element 
of society or ecosystems. Depending on system tolerance, CIDs and their changes can be detrimental, beneficial, neutral, 
or a mixture of each across interacting system elements and regions. The CIDs are grouped into seven types, which are 
summarized under the icons in the figure. All regions are projected to experience changes in at least 5 CIDs. Almost all 
(96%) are projected to experience changes in at least 10 CIDs and half in at least 15 CIDs. For many CIDs there is wide 
geographical variation in where they change and so each region are projected to experience a specific set of CID changes. 
Each bar in the chart represents a specific geographical set of changes that can be explored in the WGI Interactive Atlas.
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Figure SPM.9: Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are 

projected to change. 

A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold, wet and dry, wind, 

snow and ice, coastal, open ocean and other. For each CID, the bar in the graph below displays the number of AR6 

WGI reference regions where it is projected to change. The colours represent the direction of change and the level 

of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter 

shades refer to high and medium confidence, respectively. Lighter background colours represent the maximum 

number of regions for which each CID is broadly relevant. 

Panel a) shows the 30 CIDs relevant to the land and coastal regions while panel b) shows the 5 CIDs relevant to 

the open ocean regions. Marine heatwaves and ocean acidity are assessed for coastal ocean regions in panel a) and 

for open ocean regions in panel b). Changes refer to a 20–30 year period centred around 2050 and/or consistent 

with 2°C global warming compared to a similar period within 1960-2014, except for hydrological drought and 

agricultural and ecological drought which is compared to 1850-1900. Definitions of the regions are provided in 

Atlas.1 and the Interactive Atlas (see interactive-atlas.ipcc.ch).  

{Table TS.5, Figure TS.22, Figure TS.25, 11.9, 12.2, 12.4, Atlas.1} (Table SPM.1) 

C.3 Low-likelihood outcomes, such as ice sheet collapse, abrupt ocean circulation changes,

some compound extreme events and warming substantially larger than the assessed very 

likely range of future warming cannot be ruled out and are part of risk assessment. 

{1.4, Cross-Chapter Box 1.3, Cross-Chapter Box 4.1, 4.3, 4.4, 4.8, 8.6, 9.2, Box 9.4, Box 

11.2, 11.8, Cross-Chapter Box 12.1} (Table SPM.1) 

C.3.1 If global warming exceeds the assessed very likely range for a given GHG emissions scenario, 
including low GHG emissions scenarios, global and regional changes in many aspects of the climate system, 
such as regional precipitation and other CIDs, would also exceed their assessed very likely ranges (high 
confidence). Such low-likelihood high-warming outcomes are associated with potentially very large impacts, 
such as through more intense and more frequent heatwaves and heavy precipitation, and high risks for 
human and ecological systems particularly for high GHG emissions scenarios.

{Cross-Chapter Box 1.3, 4.3, 4.4, 4.8, Box 9.4, Box 11.2, Cross-Chapter Box 12.1, TS.1.4, Box TS.3, Box 
TS.4} (Table SPM.1)

C.3.2 Low-likelihood, high-impact outcomes34 could occur at global and regional scales even for global 
warming within the very likely range for a given GHG emissions scenario. The probability of low-likelihood, 
high impact outcomes increases with higher global warming levels (high confidence). Abrupt responses and 
tipping points of the climate system, such as strongly increased Antarctic ice sheet melt and forest dieback, 
cannot be ruled out (high confidence).

{1.4, 4.3, 4.4, 4.8, 5.4, 8.6, Box 9.4, Cross-Chapter Box 12.1, TS.1.4, TS.2.5, Box TS.3, Box TS.4, Box 
TS.9} (Table SPM.1)

C.3.3 If global warming increases, some compound extreme events18 with low likelihood in past and 
current climate will become more frequent, and there will be a higher likelihood that events with increased 
intensities, durations and/or spatial extents unprecedented in the observational record will occur (high 
confidence).

{11.8, Box 11.2, Cross-Chapter Box 12.1, Box TS.3, Box TS.9}
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C.3.4 The Atlantic Meridional Overturning Circulation is very likely to weaken over the 21st century for

all emission scenarios. While there is high confidence in the 21st century decline, there is only low

confidence in the magnitude of the trend. There is medium confidence that there will not be an abrupt

collapse before 2100. If such a collapse were to occur, it would very likely cause abrupt shifts in regional

weather patterns and water cycle, such as a southward shift in the tropical rain belt, weakening of the African

and Asian monsoons and strengthening of Southern Hemisphere monsoons, and drying in Europe.

{4.3, 8.6, 9.2, TS2.4, Box TS.3}

C.3.5 Unpredictable and rare natural events not related to human influence on climate may lead to low-

likelihood, high impact outcomes. For example, a sequence of large explosive volcanic eruptions within

decades has occurred in the past, causing substantial global and regional climate perturbations over several

decades. Such events cannot be ruled out in the future, but due to their inherent unpredictability they are not

included in the illustrative set of scenarios referred to in this Report. {2.2, Cross-Chapter Box 4.1, Box TS.3}

(Box SPM.1)

D. Limiting Future Climate Change

Since AR5, estimates of remaining carbon budgets have been improved by a new methodology first presented 

in SR1.5, updated evidence, and the integration of results from multiple lines of evidence. A comprehensive 

range of possible future air pollution controls in scenarios is used to consistently assess the effects of various 

assumptions on projections of climate and air pollution. A novel development is the ability to ascertain when 

climate responses to emissions reductions would become discernible above natural climate variability, 

including internal variability and responses to natural drivers. 

D.1 From a physical science perspective, limiting human-induced global warming to a

specific level requires limiting cumulative CO2 emissions, reaching at least net zero CO2 

emissions, along with strong reductions in other greenhouse gas emissions. Strong, rapid 

and sustained reductions in CH4 emissions would also limit the warming effect resulting 

from declining aerosol pollution and would improve air quality. 

{3.3, 4.6, 5.1, 5.2, 5.4, 5.5, 5.6, Box 5.2, Cross-Chapter Box 5.1, 6.7, 7.6, 9.6} (Figure 

SPM.10, Table SPM.2) 

D.1.1 This Report reaffirms with high confidence the AR5 finding that there is a near-linear relationship

between cumulative anthropogenic CO2 emissions and the global warming they cause. Each 1000 GtCO2 of

cumulative CO2 emissions is assessed to likely cause a 0.27°C to 0.63°C increase in global surface

temperature with a best estimate of 0.45°C41. This is a narrower range compared to AR5 and SR1.5. This

quantity is referred to as the transient climate response to cumulative CO2 emissions (TCRE). This

relationship implies that reaching net zero42 anthropogenic CO2 emissions is a requirement to stabilize

human-induced global temperature increase at any level, but that limiting global temperature increase to a

specific level would imply limiting cumulative CO2 emissions to within a carbon budget43.

{5.4, 5.5, TS.1.3, TS.3.3, Box TS.5} (Figure SPM.10)

41 In the literature, units of °C per 1000 PgC are used, and the AR6 reports the TCRE likely range as 1.0°C to 2.3°C per 1000 PgC in 

the underlying report, with a best estimate of 1.65°C.  

42 condition in which anthropogenic carbon dioxide (CO2) emissions are balanced by anthropogenic CO2 removals over a specified 

period. 

43 The term carbon budget refers to the maximum amount of cumulative net global anthropogenic CO2 emissions that would result in 
limiting global warming to a given level with a given probability, taking into account the effect of other anthropogenic climate 

forcers. This is referred to as the total carbon budget when expressed starting from the pre-industrial period, and as the remaining 

carbon budget when expressed from a recent specified date (see Glossary). Historical cumulative CO2 emissions determine to a large 

degree warming to date, while future emissions cause future additional warming. The remaining carbon budget indicates how much 

CO2 could still be emitted while keeping warming below a specific temperature level.
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Every tonne of CO₂ emissions adds to global warming

Future cumulative
CO₂ emissions differ 
across scenarios, and 
determine how much 
warming we will 
experience

SSP1-1.9
SSP1-2.6
SSP2-4.5
SSP3-7.0
SSP5-8.5

Cumulative CO₂ emissions between 1850 and 2019 Cumulative CO₂ emissions between 2020 and 2050

Historical global
warming

The near linear relationship 
between the cumulative
CO₂ emissions and global 
warming for five illustrative 
scenarios until year 2050

SSP1-1.9

SSP1-2.6

SSP2-4.5

SSP3-7.0

SSP5-8.5
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Figure SPM.10:      Near-linear relationship between cumulative CO2 emissions and the increase in global 
       surface temperature. 

Top panel: Historical data (thin black line) shows observed global surface temperature increase in °C since 1850–
1900 as a function of historical cumulative carbon dioxide (CO2) emissions in GtCO2 from 1850 to 2019. The grey 
range with its central line shows a corresponding estimate of the historical human-caused surface warming (see 
Figure SPM.2). Coloured areas show the assessed very likely range of global surface temperature projections, and 
thick coloured central lines show the median estimate as a function of cumulative CO2 emissions from 2020 until 
year 2050 for the set of illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5, see Figure 
SPM.4). Projections use the cumulative CO2 emissions of each respective scenario, and the projected global 
warming includes the contribution from all anthropogenic forcers. The relationship is illustrated over the domain of 
cumulative CO2 emissions for which there is high confidence that the transient climate response to cumulative CO2 
emissions (TCRE) remains constant, and for the time period from 1850 to 2050 over which global CO2 emissions 
remain net positive under all illustrative scenarios as there is limited evidence supporting the quantitative 
application of TCRE to estimate temperature evolution under net negative CO2 emissions.
Bottom panel: Historical and projected cumulative CO2 emissions in GtCO2 for the respective scenarios.
{Figure TS.18, Figure 5.31, Section 5.5}
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D.1.2 Over the period 1850–2019, a total of 2390 ± 240 (likely range) GtCO2 of anthropogenic CO2 was

emitted. Remaining carbon budgets have been estimated for several global temperature limits and various

levels of probability, based on the estimated value of TCRE and its uncertainty, estimates of historical

warming, variations in projected warming from non-CO2 emissions, climate system feedbacks such as

emissions from thawing permafrost, and the global surface temperature change after global anthropogenic

CO2 emissions reach net zero.

{5.1, 5.5, Box 5.2, TS.3.3} (Table SPM.2)

Table SPM.2: Estimates of historical CO2 emissions and remaining carbon budgets. Estimated remaining carbon 

budgets are calculated from the beginning of 2020 and extend until global net zero CO2 emissions are 

reached. They refer to CO2 emissions, while accounting for the global warming effect of non-CO2 

emissions. Global warming in this table refers to human-induced global surface temperature increase, 

which excludes the impact of natural variability on global temperatures in individual years. {Table 

TS.3, Table 3.1, Table 5.1, Table 5.7, Table 5.8, 5.5.1, 5.5.2, Box 5.2} 

Global warming between 

1850–1900 and 2010–2019 

(°C) 

Historical cumulative CO2 emissions from 1850 to 2019 (GtCO2) 

1.07 (0.8–1.3; likely range) 2390 (± 240; likely range) 

Approximate 

global 

warming 

relative to 

1850–1900 

until 

temperature 

limit (°C)*(1) 

Additional 

global 

warming 

relative to 

2010–2019 

until 

temperature 

limit (°C) 

Estimated remaining carbon budgets 

from the beginning of 2020 (GtCO2) 

Likelihood of limiting global warming 

to temperature limit*(2) 

Variations in reductions 

in non-CO2 

emissions*(3) 

17% 33% 50% 67% 83% 

1.5 0.43 900 650 500 400 300 
Higher or lower 

reductions in 

accompanying non-CO2 

emissions can increase or 

decrease the values on 

the left by 220 GtCO2 or 

more 

1.7 0.63 1450 1050 850 700 550 

2.0 0.93 2300 1700 1350 1150 900 

*(1) Values at each 0.1°C increment of warming are available in Tables TS.3 and 5.8.  

*(2) This likelihood is based on the uncertainty in transient climate response to cumulative CO2 emissions 

(TCRE) and additional Earth system feedbacks, and provides the probability that global warming will not 

exceed the temperature levels provided in the two left columns. Uncertainties related to historical warming 

(±550 GtCO2) and non-CO2 forcing and response (±220 GtCO2) are partially addressed by the assessed 

uncertainty in TCRE, but uncertainties in recent emissions since 2015 (±20 GtCO2) and the climate 

response after net zero CO2 emissions are reached (±420 GtCO2) are separate.  

*(3) Remaining carbon budget estimates consider the warming from non-CO2 drivers as implied by the 

scenarios assessed in SR1.5. The Working Group III Contribution to AR6 will assess mitigation of non-

CO2 emissions. 
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D.1.3 Several factors that determine estimates of the remaining carbon budget have been re-assessed, and

updates to these factors since SR1.5 are small. When adjusted for emissions since previous reports, estimates

of remaining carbon budgets are therefore of similar magnitude compared to SR1.5 but larger compared to

AR5 due to methodological improvements44.

{5.5, Box 5.2, TS.3.3} (Table SPM.2)

D.1.4 Anthropogenic CO2 removal (CDR) has the potential to remove CO2 from the atmosphere and

durably store it in reservoirs (high confidence). CDR aims to compensate for residual emissions to reach net

zero CO2 or net zero GHG emissions or, if implemented at a scale where anthropogenic removals exceed

anthropogenic emissions, to lower surface temperature. CDR methods can have potentially wide-ranging

effects on biogeochemical cycles and climate, which can either weaken or strengthen the potential of these

methods to remove CO2 and reduce warming, and can also influence water availability and quality, food

production and biodiversity45 (high confidence).

{5.6, Cross-Chapter Box 5.1, TS.3.3}

D.1.5 Anthropogenic CO2 removal (CDR) leading to global net negative emissions would lower the

atmospheric CO2 concentration and reverse surface ocean acidification (high confidence). Anthropogenic

CO2 removals and emissions are partially compensated by CO2 release and uptake respectively, from or to

land and ocean carbon pools (very high confidence). CDR would lower atmospheric CO2 by an amount

approximately equal to the increase from an anthropogenic emission of the same magnitude (high

confidence). The atmospheric CO2 decrease from anthropogenic CO2 removals could be up to 10% less than

the atmospheric CO2 increase from an equal amount of CO2 emissions, depending on the total amount of

CDR (medium confidence). {5.3, 5.6, TS.3.3}

D.1.6 If global net negative CO2 emissions were to be achieved and be sustained, the global CO2-induced

surface temperature increase would be gradually reversed but other climate changes would continue in their

current direction for decades to millennia (high confidence). For instance, it would take several centuries to

millennia for global mean sea level to reverse course even under large net negative CO2 emissions (high

confidence).

{4.6, 9.6, TS.3.3}

D.1.7 In the five illustrative scenarios, simultaneous changes in CH4, aerosol and ozone precursor

emissions, that also contribute to air pollution, lead to a net global surface warming in the near and long-term

(high confidence). In the long term, this net warming is lower in scenarios assuming air pollution controls

combined with strong and sustained CH4 emission reductions (high confidence). In the low and very low

GHG emissions scenarios, assumed reductions in anthropogenic aerosol emissions lead to a net warming,

while reductions in CH4 and other ozone precursor emissions lead to a net cooling. Because of the short

lifetime of both CH4 and aerosols, these climate effects partially counterbalance each other and reductions in

CH4 emissions also contribute to improved air quality by reducing global surface ozone (high confidence).

{6.7, Box TS.7} (Figure SPM.2, Box SPM.1)

44 Compared to AR5, and when taking into account emissions since AR5, estimates in AR6 are about 300–350 GtCO2 larger for the 

remaining carbon budget consistent with limiting warming to 1.5°C; for 2°C, the difference is about 400–500 GtCO2.  

45 Potential negative and positive effects of CDR for biodiversity, water and food production are methods-specific, and are often 

highly dependent on local context, management, prior land use, and scale. IPCC Working Groups II and III assess the CDR potential, 

and ecological and socio-economic effects of CDR methods in their AR6 contributions. 
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D.1.8 Achieving global net zero CO2 emissions is a requirement for stabilizing CO2-induced global surface 
temperature increase, with anthropogenic CO2 emissions balanced by anthropogenic removals of CO2. This 
is different from achieving net zero GHG emissions, where metric-weighted anthropogenic GHG emissions 
equal metric-weighted anthropogenic GHG removals. For a given GHG emission pathway, the pathways of 
individual greenhouse gases determine the resulting climate response46, whereas the choice of emissions 
metric47 used to calculate aggregated emissions and removals of different GHGs affects what point in time 
the aggregated greenhouse gases are calculated to be net zero.  Emissions pathways that reach and sustain net 
zero GHG emissions defined by the 100-year global warming potential are projected to result in a decline in 
surface temperature after an earlier peak (high confidence). 
{4.6, 7.6, Box 7.3, TS.3.3} 
 
 
D.2 Scenarios with very low or low GHG emissions (SSP1-1.9 and SSP1-2.6) lead within 

years to discernible effects on greenhouse gas and aerosol concentrations, and air 
quality, relative to high and very high GHG emissions scenarios (SSP3-7.0 or SSP5-8.5). 
Under these contrasting scenarios, discernible differences in trends of global surface 
temperature would begin to emerge from natural variability within around 20 years, 
and over longer time periods for many other climatic impact-drivers (high confidence). 
{4.6, Cross-Chapter Box 6.1, 6.6, 6.7, 9.6, Cross-Chapter Box 11.1, 11.2, 11.4, 11.5, 11.6, 
12.4, 12.5} (Figure SPM.8, Figure SPM.10) 
 

D.2.1 Emissions reductions in 2020 associated with measures to reduce the spread of COVID-19 led to 
temporary but detectible effects on air pollution (high confidence), and an associated small, temporary 
increase in total radiative forcing, primarily due to reductions in cooling caused by aerosols arising from 
human activities (medium confidence). Global and regional climate responses to this temporary forcing are, 
however, undetectable above natural variability (high confidence). Atmospheric CO2 concentrations 
continued to rise in 2020, with no detectable decrease in the observed CO2 growth rate (medium 
confidence)48. 
{Cross-Chapter Box 6.1, TS.3.3}  
 
D.2.2 Reductions in GHG emissions also lead to air quality improvements. However, in the near term49, 
even in scenarios with strong reduction of GHGs, as in the low and very low GHG emission scenarios 
(SSP1-2.6 and SSP1-1.9), these improvements are not sufficient in many polluted regions to achieve air 
quality guidelines specified by the World Health Organization (high confidence). Scenarios with targeted 
reductions of air pollutant emissions lead to more rapid improvements in air quality within years compared 
to reductions in GHG emissions only, but from 2040, further improvements are projected in scenarios that 
combine efforts to reduce air pollutants as well as GHG emissions with the magnitude of the benefit varying 
between regions (high confidence). {6.6, 6.7, Box TS.7}.  
 

 
46 A general term for how the climate system responds to a radiative forcing (see Glossary). 
47 The choice of emissions metric depends on the purposes for which gases or forcing agents are being compared. This report 
contains updated emission metric values and assesses new approaches to aggregating gases. 
48 For other GHGs, there was insufficient literature available at the time of the assessment to assess detectable changes in their 
atmospheric growth rate during 2020. 
49 Near term: (2021–2040) 
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D.2.3 Scenarios with very low or low GHG emissions (SSP1-1.9 and SSP1-2.6) would have rapid and 
sustained effects to limit human-caused climate change, compared with scenarios with high or very high 
GHG emissions (SSP3-7.0 or SSP5-8.5), but early responses of the climate system can be masked by natural 
variability. For global surface temperature, differences in 20-year trends would likely emerge during the near 
term under a very low GHG emission scenario (SSP1-1.9), relative to a high or very high GHG emission 
scenario (SSP3-7.0 or SSP5-8.5). The response of many other climate variables would emerge from natural 
variability at different times later in the 21st century (high confidence). 
{4.6, Cross-Section Box TS.1} (Figure SPM.8, Figure SPM.10) 
 
D.2.4 Scenarios with very low and low GHG emissions (SSP1-1.9 and SSP1-2.6) would lead to 
substantially smaller changes in a range of CIDs36 beyond 2040 than under high and very high GHG 
emissions scenarios (SSP3-7.0 and SSP5-8.5). By the end of the century, scenarios with very low and 
low GHG emissions would strongly limit the change of several CIDs, such as the increase in the frequency 
of extreme sea level events, heavy precipitation and pluvial flooding, and exceedance of dangerous heat 
thresholds, while limiting the number of regions where such exceedances occur, relative to higher GHG 
emissions scenarios (high confidence). Changes would also be smaller in very low compared to low 
emissions scenarios, as well as for intermediate (SSP2-4.5) compared to high or very high emissions 
scenarios (high confidence). {9.6, Cross-Chapter Box 11.1, 11.2, 11.3, 11.4, 11.5, 11.6, 11.9, 12.4, 12.5, 
TS.4.3} 
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